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Abstract — Pumping performance of a disk-type molecular drag pump for a hybrid molecular pump is
numerically analyzed by the direct simulation Monte-Carlo method. The flows in pumping channels are
three-dimensional (3D) in a molecular transition regime. The main difficulty in modeling a 3D case
comes from the rotating frame of reference. Thus, trajectories of particles are no longer straight lines. In
the present study, trajectories of particles are calculated by integrating a system of differential equations
including the Coriolis and centrifugal forces. The null-collision technique with a variable soft sphere
molecular model is used for calculation of molecular collisions. The present numerical results
significantly disagree with the previously known ones. This indicates that an actual pumping passage is
very limited to a narrow region due to the significant backstreaming of molecules from the outlet.
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Fig. 1. Disk type drag pump of the hybrid molecular
pump: (a) Top view, and (b) Side view.
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Table 1. Effect of cell size on the numerical results
(Type-11, +rps) at P, =P,=10Pa

cell (xXyXz) Wnax
10x 6% 6 0.229315
15X 8X 6 0.238417
20x10x 6 0.241538
30x15x 8 0.242621
40x20x 10 0.242987

Stator

Rotor

(b)
Fig. 2. Disk type drag pump: (2) Pumping channel, and
(b) Computational cells (20x 10X 6).
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Fig. 3. Convergence history of the pumping efficiency
vs no. of iteration.
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2.2. Navier-Stokes simulation
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3.1. DSMC simulations
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Table 2. Specification of the disk type drag pump
(rotation speed = 400 rev/s)

R, 43.0 mm
R, 86.0 mm
Ad 0.5 mm
d 5.0 mm
h 21.6 mm
Archimedes' r=R,+mXx8

spiral channel where, m=46.0
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