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Abstract

operation. To effectively suppress exhaust pulsation, a design scheme for a Roots vacuum pump with a pressure-

The exhaust pulsation of the Roots vacuum pump restricts the stability and reliability of pump

stabilizing chamber was proposed, and the chamber model was developed. Combining RNG k—¢ turbulence model,
dynamic grid technology, and multi parameter comparison, the influence of structural parameters such as the
opening phase angle, opening width angle, and aspect ratio of the stabilizing chamber on pulsation characteristics
was studied and analyzed. The optimal stabilizing chamber structural parameters for suppressing gas pulsation were
obtained. Based on this, the exhaust characteristics of the Roots vacuum pump with a stabilizing chamber were
compared against those of a traditional Roots pump. Results show that, compared with the direct-discharge pump,
the outlet pressure pulsation coefficient and flow pulsation coefficient of the proposed design are reduced by 56.8%
and 49.2%, respectively. The pressure stabilizing chamber effectively enhances the stability of the exhaust process
and provides theoretical guidance for pulsation suppression in the Roots vacuum pump.
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Fig. 1 Schematic diagram of the connection between the closed chamber and the high-pressure exhaust port. (a) Operational principle,

(b) closed chamber volume, (c) open chamber volume
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Fig. 2 Schematic of Roots vacuum pump with the pressure stabilizing chamber. (a) Pump suction, (b) gas release from the pressure

stabilizing chamber, (c) gas reflux in the pressure stabilizing chamber
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Fig. 3 The structure diagram of pressure stabilizing chamber
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Tab. 1 Dimensions of the stabilization chamber
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Fig. 4 Finite element model of Roots vacuum pump with the pressure stabilizing chamber. (a) Dynamic mesh mode, (b) cross-section

mesh model, (¢) I local enlarged drawing
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Fig. 5 The grid independence verification
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Tab.2 Zero flow compression ratio
Inlet/Pa Outlet/Pa Compression Ratio Heft
0.883 27.8 31.47 1.567
2.65 105 39.64 1.674
8.51 323 37.95 1.702
21.2 656 30.92 1.709
58.9 1370 23.23 1.713
234 3440 14.71 1.715
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Fig. 6 Comparison of simulation and experimental results. (a) Simulation results under different parameters, (b) zero-traffic verifica-

tion
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Fig. 7 The influence of opening phase angles on performance. (a) Volume efficiency, (b) pressure pulsation, (c¢) flow pulsation
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Fig. 8 The influence of opening widths angle on performance. (a) Volume efficiency, (b) pressure pulsation, (c) flow pulsation

(3) 73.760 (b) 0.0022 () 1.480
1.475
73.756 0.0020
1.470
© 73752 3 )
= ~ 0.0018 ~ 1.465
73.748
00016 1.460
73.744 '
1.455
04 08 12 16 20 04 08 12 16 20 04 08 12 16 20
A A pl

K9 RKICHHERERIEI . () BBUCE, (b)EJIIk3), (o) it iksh

Fig. 9 The influence of aspect ratios on performance. (a) Volume efficiency, (b) pressure pulsation, (c) flow pulsation
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Fig. 10 Comparison of exhaust pressure distribution. (a) Original model, (b) with the pressure stabilizing chamber model
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