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Abstract

Rotating stall in vaneless diffusers of centrifugal compressor occurs in the diffuser wall due to flow separation at large inlet
flow angle. For this reason, the critical inlet flow angles are suggested by several researchers. Beyond this critical angle, flow
separates in the diffuser, and develops into rotating stall. This paper studied this critical flow angle. Rotating stall is measured
through eight fast-response pressure transducers which are equally spaced around the circumference at the inlet and exit of a
vaneless diffuser. Experiments are done from 20000rpm to 60000rpm for the diffuser stall. Two-cell structure which rotates at
6~10% of impeller speed is fully developed at 20000~40000rpm, and three-cell structure which rotates at 7~9% of impeller
speed is fully developed at 50000 ~60000rpm. This paper shows that the critical inlet flow angle is not constant but related
with tip speed of impeller. As tip speed increases, so does the critical inlet flow angle.
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Fig. 1 Schematic view of compressor test facility
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Fig. 2 Meridional positions of fast-response

pressure transducers
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Fig. 3 Compressor characteristics
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Fig. 4 Pressure ratio fluctuation in fully developed stall at
50000 rpm. (Measurement position R/R;=1.1, # of cell =3,

W o] @ 1s=8.042%)
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Fig. 5 Magnitude of Spatial Fourier Transform at 30000 rpm.
(Measurement position R/R=1.1) (a) Ist coefficient (b) 2nd
coefficient (c) 3rd coefficient
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Fig.6 Flow chart for impeller exit flow evaluations
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Table 1 Vaneless diffuser inlet flow angle at the stall limit and
stall conditions. Calculation flow chart is shown in Fig. 6.

Stall limit Stall

mikgs)| Aa(deg)) M2 | mkes)| @a(deg)| Mo
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Fig. 7 Critical flow angle with rotational speed
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