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Experimental Study on Off-Design Performance
of a Small Centrifugal Compressor for Gas Turbine
Applications

JongSik Oh', HeonSeok Lee”, KoonSup Oh™
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ABSTRACT

Off-design experimental performance was investigated for a small centrifugal compressor, whose impelier
diameter is about 125mm, used in an industrial gas turbine. Test rig was designed and manufactured with a
radial inflow turbine and a combustor to supply driving power to the compressor. Static pressure was
measured on the casing of the impeller, vaneless diffuser, vaned diffuser and volute. Total pressure was
obtained using specially fabricated rakes at the vaned diffuser throat and exit. Circumferential nonuniformity
was found, near surge, in the impeller, vaned diffuser and volute region. Spanwise nonuniform flow from the
impeller affected the total pressure defects in the vaned diffuser region. Static pressure distortion in the
circumferential direction in the volute was found near surge, where the minimum occurred near 140 degree
position.
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Table 1 Centrifugal compressor information

Parameter Unit
Impeiler outer diameter mm 124.76
Impeller exit width mm 476
Impeller inlet hub-to-tip ratio - 0.3549
Impeller blade number - 12+12
Impefler blade exit angle deg 45
Vaned diffuser outer diameter mm 238.04
Vane number - 25
Vane divergence angle deg 6.6
Vaned diffuser area ratio - 26312
Vaned diffuser LW - 11.964
2nd vaneless diffuser outer diameter | mm 28564

Fig.t Front view of the experimental
centrifugal compressor
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Fig2 Fabricated impeller
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Fig.4 Compressor test-rig layout

Fig.3 Fabricated vaned diffuser
with static pressure taps
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Fig.6 Bellmouth calibration test-rig

Fig.7 Mini total pressure rake

Fig.8 Compressor with instrumentation
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Fig.9 Experimental performance map
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Fig.11 Static pressure contours on vaned diftuser casing for 60% speed
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Fig.12 Static pressure distributions in the channel diffuser passage for 60% speed
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Fig.13 Total pressure distributions in channel diffuser for 60% speed
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