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ABSTRACT

Three dimensional unsteady numerical calculations were performed to investigate unsteadiness of the tip leakage flow in an
axial compressor. The first stage of the four-stage low-speed research axial compressor was examined. Since this compressor
has a relatively large tip clearance, the unsteadiness of the tip leakage flow is induced. Through the results from the unsteady
calculations, the process of the induced unsteady tip leakage flow was investigated. It was shown that the leakage flow that
occurred at a rotor blade tip clearance affected the pressure distribution on the pressure side near the tip of the adjacent blade,
thus caused the fluctuation of the pressure difference between the pressure side and suction side. Consequently, the unsteady
tip leakage flow was induced at the adjacent rotor blade. The unsteady feature of the tip leakage flow was changed as the
operating point was moved. The interface between the tip leakage flow and the main flow only affected the trailing edge region
at the design point whereas the interface influenced up to the leading edge at the low flow rate point. As the flow rate
decreased, additionally, it was seen that the vortex size of the tip leakage flow increased and the relatively large length scale
disturbance occurred. On the other hand, using frequency analysis, it was shown that the unsteadiness was not associated with
the rotor speed and was about 40% of the blade passing frequency. This feature was explained in the rotor relative frame of

reference, and the frequency decreased as the flow rate decreased.
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Table 1 Parameters of SNU Compressor
Casing Diameter(m) 1.0
Hub to Tip Ratio 0.85
Chord Length(mm) 62.5
Tip Clearance to Blade Height(%) 2.8
Inlet Guide Vane 53
Blade Number Rotor 54
Stator 74
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Fig. 1 Computational geometry and grid for calculation
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Fig. 2 Instantaneous (a) pressure field and flow vectors and

(b) entropy at mid-height in the rotor tip clearance at the
design point (¢ = 0.407)
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Fig. 3 Time-variation of instantaneous pressure field and flow
vectors at mid-height in the rotor tip clearance at the low flow
rate point (¢ = 0.366)
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(a) (b)

Fig. 4 Instantaneous (a) pressure field and (b) relative total
pressure at the inlet of the rotor between blade 2 and blade 3
at t=1 at the low flow rate point (¢ = 0.366)
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Fig. 5 Time-variation of Instantaneous pressure field and
flow vectors on the pressure side of the blade 3

C,/U,

Fig. 6 Instantaneous axial velocity contours at the exit of
the rotor row (a) at the design point (¢ = 0.407) and
(b) at the low flow rate point (¢ = 0.366)
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Fig. 7 Frequency spectrums of pressure signals recorded at the
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exit of the rotor near the casing (a) in the rotor relative frame
and (b) in the fixed frame at the design point (& = 0.407)
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Fig. 8 Frequency spectrums of pressure signals recorded at
the exit of the rotor near the casing in the rotor relative
frame at the low flow rate point (¢ = 0.366)
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