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3D Flow Simulation of a Spiral Grooved Turbo-Molecular Pump
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A spiral-grooved turbo-molecular pump is widely used in vacuum technology. Available rotational speed of a
rotor becomes larger and larger, and reaches 18,000 to 50,000 rpm. The pumping performance can be predicted
from the computation of the three-dimensional flows. In the present paper, a flow in a spiral groove of turbo-
wolecular pump is simulated on the basis of the NS cquation to cover a wide range of pressure ratio and mass
flow rate. Fully three-dimensional analysis is made to take account of the cffect of centrifugal and Coriolis
forces. The performance of a pump is shown in comparison with that of the channel flow approximation.
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Fig. 5 Averaged pressure distribution for Py /P =1
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Fig. 7 Avcraged pressure distribution for Py /Py = 0.75
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Fig. 8 Avcraged pressure distribution for Py /P = 0.5

1200 . . . .
n = 18000 rpm
1000 |-
- P /P, =05
= 1/ Ps
S 800 .
<25
S 600
100
200 | -
0 L 1 L 1
0 0.2 0.1 0.6 0.8 1

z/ L

Fig. 9 Avcraged flow rate distribution for P /P, = 0.5
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Fig. 10 Pressure difference versus flow rate for n =
18000 rpm

4. 00
oooooooboOoOoscboob0oooobooOb00oon
gcoooOoOooooooooooOoOo.oooooo
0000000000000 O0O Navier-StokesO 0 O
00000 Beam-Warmingd delta foom 00 00 00O
oooooO0oo.000o0ob0000b0000b00O0O
gcoooOooooooooooo,0ooooooo
oo, 000000000DDOOO0O0O00ODODODODODO
I o
go,000p0O0OO0OOO0O00O0O0O0O0OoOoooon
gcoooOoO0,00o0oooooDoOo0O0ODODODODO
I A

oooo

() 00,00,000,00,000,7’0000000
000000000°,000000000(@B0),
Vol.57(1991), pp.172-177.

(2) Kanki T., "Flow of a rarcficd gas in a rectangu-
lar channel with a moving plate”, Rarcfied Gasdy-
namics 19 Vol.1, edited by J. Lord and G. Harvey,
Oxford Univ. Press, 1995, pp.375-381.

(3) Nanbu K. and Igarashi S., ”Three-dimensional
low-density flows in the spiral groove of turbo-
molccular pump”, Comp. Fluids, Vol. 22 (1992),
pp.221-228.

(4) lgarashi S., ”3D Flow Simmulation in the Spiral
Groove of Turbo-Molecular Pump”, 8th Interna-
tional Symposium on Computational Fluid Dy-
namics, ISCFD’99 CD-ROM, Bremen, Germany,
1999.

(5) Anderson D. A., Tannchill J. C. and Pletcher R.H.,
”Computational Fluid Mechanics and Heat Trans-
fer”, Hemisphere Pub. Co., 1984, Chapter 5.

(6) 00,.0000,”’0000007,0000000,
1992, pp.485-490.

Copyright ©2000 by JSCFD



