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Numerical Study on the Influence of Stator Bolts on Flow and Heat
Transfer Characteristics of Centrifugal Compressor Back Cavity

ZENG Peineng, DONG Weilin, SHI Shanguang, YANG Yuanying
(AECC Hunan Aviation Powerplant Research Institute, Zhuzhou, China, Post Code: 412002)

Abstract; The influence of stator bolts on flow and heat transfer characteristics of centrifugal compressor
back cavity was studied using numerical simulation methods. By comparing the two kinds of disk cavity
models with and without bolts, the influence law of stator bolts on the swirl coefficient,rotor disk windage
torque coefficient and convective heat transfer coefficient of the centrifugal compressor back cavity was an-
alyzed. The results show that the original clockwise large vortex in the back cavity will break into multiple
small vortices with bolts on stator disk, making the flow in back cavity more complex and irregular. The
stator disk bolts mainly affect the swirl coefficient in the low radius range of the disk cavity, resulting in
an overall lower swirl coefficient within the non-dimensional radius r/R =0.3 ~0. 75 range compared with
smooth back cavity. At low radius positions, stator bolts have an inhibitory effect on the circumferential
motion of fluid in the boundary layer, while at high radius positions, the effect of stator bolts is opposite ,
resulting in a comprehensive increase of about 72. 7% in the windage torque coefficient of rotor disk un-
der the flow condition of C, =0.92 x 10* and Re, =1.39 x 10°. After installing bolts on the stator disk,
the convective heat transfer coefficient of rotor significantly decreases, resulting in a temperature decrease
in both the back cavity fluid and rotor disk.

Key words: bolts, centrifugal compressor, back cavity, flow and heat transfer, numerical simulation
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Fig. 1 Diagram of real centrifugal impeller structure

and simplified model
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Tab. 1 Structural parameters of calculation model (mm)
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Fig. 3 Effect of grid number on average swirl ratio
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Fig. 4 Effects of rotational Reynolds number and flow

coefficient on swirl coefficient of the disk cavity
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