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Modeling of the Internal Working Process of Variable Pitch Screw Vacuum
Pump and the Law of Thermal Distribution within the Pump
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Abstract Understanding the internal working process of screw vacuum pumps is the foundation for designing
high-performance screw rotors. In this paper, a modeling analysis of the working process of variable pitch screw
vacuum pumps is carried out. Firstly, based on the geometric structure model of the simplified leakage channel, a
time-based inter-stage leakage model of the internal leakage channel for the screw vacuum pump is constructed
under two flow modes, namely Poiseuille flow and Couette flow, and three flow states, namely viscous flow,
transitional flow, and molecular flow. Then, based on the assumptions of gas transportation conditions, a gas
transportation model for the internal suction stage, compression stage, recoil stage, and exhaust stage is constructed.
Finally, based on the inter-stage leakage model of the internal leakage channel and the gas transportation model, the
internal mass, pressure, and temperature distributions, as well as the distribution law of leakage flow velocity, are
revealed. The analysis results show that: (1) as the inlet pressure decreases, the internal mass decreases, the pressure
decreases, the temperature increases, and the proportion of leakage mass in the total mass increases; (2) as the
clearance decreases, the internal mass decreases, the exhaust gas temperature decreases, and the proportion of
leakage mass in the total mass decreases; (3) during the suction and compression stages, the main leakage channel is
the tip meshing clearance (concave clearance), and during the exhaust stage, the main leakage channel is the tip
clearance. The research results have guiding significance for the design of screw rotors and the performance
optimization of screw vacuum pumps.
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Fig. 1 Schematic diagram of the rotor and leakage channels

structure of a variable pitch screw vacuum pump
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Fig.2 Position of leakage channel L1 and simplified structure.

(a) position, (b) structure
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Fig. 3 Position of leakage channel L2 and simplified structure.

(a) Position, (b) structure
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Fig. 4 Position of leakage channel L3 and simplified structure.

(a) Position, (b) structure
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(a) Position, (b) structure
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Fig. 6 The calculation flow of the work process simulation
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Fig. 9 Distribution of mass, temperature, and pressure of vacuum pump under low inlet pressure and different gap conditions.
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Fig. 10 Distribution of mass, temperature, and pressure of vacuum pump under high inlet pressure and different gap conditions.
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Fig. 11 Velocity distribution of internal leakage flow under low inlet pressure condition. (a) Total time, (b) 0.04—0.06 s, (c) 0.06—0.10 s
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