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Suppression of Rotating Stall in Vaneless Diffuser
by Wall Roughness Control

Daisaku SAKAGUCHI*?, Masahiro ISHIDA,
Hironobu UEKI and Zixiang SUN

** Nagasaki University, Dept. of Mechanical Systems Engineering,
1-14 Bunkyo-Machi, Nagasaki, 852-8521, Japan

The authors have proposed a new technique to suppress successfully the rotating stall in the
vaneless diffuser. By positioning the completely rough wall between R=1.2 and 1.6 on the hub side
diffuser wall alone, the flow rate of rotating stall inception was decreased by 42 9% at a small pressure
drop less than 1% of the blower pressure rise. This is based on that the local reverse flow occurs
firstly at the hub side in most centrifugal blowers with backswept blade impeller mainly depending
on the distortion of tangential component of inlet main-flow velocity. The 3-D boundary layer
calculation shows that the local reverse flow is decreased remarkably by an increase in wall friction,
and it disappears if the friction coefficient is (.01 about twice of the smooth wall. By analyzing the
effect of wall friction and turbulence induced by the rough wall, it is clearly shown that the rough
wall positioned in the limited region, where the wall-limiting streamline flow angle shows the
negative maximum, is quite effective to suppress the rotating stall at a small drop of the diffuser
pressure recovery.
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Fig.2 Change in impeller characteristics due to tip clearance
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(b) Tangential component of velocity

Fig.3 Mcasured hub-to-shroud velocity distribution in vaneless
diffuser (¢=0.131, A=0.147)
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Fig.4 Comparison between symmetric and asymmetric cases
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Fig.5 Change in wall-limiting streamline flow angle duc to
wall friction coefficient
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Fig.8 Effect of switched wall friction on velocity and flow
angle in case with 3-D separation
(¢=0.15, A=0.029, AVu/Vum=+2%, AVm/Vmm=0%)
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Fig.13 Comparison of measured and calculated velocity
distributions between smooth and rough walls
(¢=0.131, \=0.147, R=1.57)
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Fig.14 Comparison of diffuser pressure recovery between the
cases with and without rough wall at design flow rate
($=0.27, A=0.147, AVu/Vum=+2% and AVm/Vmm=0%)
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