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Abstract: A numerical study was conducted to determine the optimal design for a vehicle vacuum pump. The
degree of vacuum was examined for different design factors such as the angle of vanes, number of vanes,
angle and position of the pump inlet-outlet pipe, and angular rotational speed of vanes. The results show that
there is a little difference in the degree of vacuum when the angle of vanes are changed, but an angular
change in the outlet pipe reduces the pump loss. As the rotational speed is increased, the mass flow rate
increases, but a high rotational speed does not result in the maximum degree of vacuum. In addition, when
the number of vanes is increased, the scattering range of mass flow rate decreases and pressure drop is
abated.
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¢ continuity equation
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¢ momentum equation
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(a) Model of a vacuum vane pump

pump vane
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(b) Model of a vacuum vane pump for fluid analysis

Fig. 1 Computational mesh of a vacuum vane pump
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Table 1 Grid dependency test on different mesh number

ARG AAskewness 3HEE wldl Ztw A ishE
(RPM) (deg) (mbar)

50000 0.803424 4000 40

80000 0.790241 4000 40 -
130000 0.782296 4000 405 -994.215
300000 0.782004 4000 40% -992.010
500000 0.783797 4000 40% -993.619

housing<—
\\
==

/j

Gap=0.1

(a) Gap=0

Fig. 2 Gap distance between rotor and housing
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Table 2 Boundary condition on vacuum pump
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(c) 8 vanes

(a) 4 vanes (b) 6 vanes

Fig. 10 Pump geometry with the different number of
the vanes
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Fig. 11 The effect of various vane number on pressure
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