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Predictive Analysis of Unsteady Phenomena in Compressor with Pressure Waveform Learning
- Case Study of 4-Stage Axial Compressor -
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This paper discusses the prediction technology of unsteady phenomena in compressor such as rotating stall and

surge, it would be a cause to limit the operation range. In rig test of the 4-stage axial compressor developed in KHI,

the pressure waveform is measured during occasion of these unsteady phenomena. In this study, the feature of

pressure waveform is extracted by machine learning using the Transformer model and be used for classification and

prediction of unsteady phenomena.
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Fig. 1 Test rig of 4-stage axial compressor

Table 1 Specifications of compressor

Shaft speed [min™] 8750

Stage IGV 1 2 3 4
Number of rotor blade 33 51 57 63
Number of stator vane 52 68 76 84 90
Tip clearance (%span height) 062 084 106 128
Relative Mach number @Tip 1.2 0.9 0.9 0.9

Rotating stall

Total pressure ratio

Corrected mass flow rate

Fig. 2 Characteristic curve of compressor (Test Result)
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Fig. 3 Pressure trend
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Fig. 4 STFT results
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Fig. 5 Model architecture
Table 2 Parameter of model
Mel spectrogram  Mel filterbanks 128
Max frequency BPF x1.05
Transformer Dimention of input 128
Number of heads in multi-head 16
attention
Dimension of feed forward model 512
Number of layer 12
Activation function ReLU
Dropout 0.1
Layer normalization pre-norm
Classification Number of MLP layer 3
Dimension of MLP output 16
Number of Class 8
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Fig. 6 Mel spectrogram during rotating stall
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Table 3 Parameter of learning

Loss function Cross Entropy

Optimizer RAdam
Initial leaning rate 0.001
Schduler type StepLR
Schduler step size 10
Schduler gamma 0.8
Batch size 200
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Fig. 7 Loss trend in training
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