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A Numerical Study of the Performance of a Turbomolecular Pump

Y. K. Hwang and J. S. Heo
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Abstract

In the free molecular flow range, the pumping performance of a turbomolecular pump has been
predicted by calculation of the transmission probability which employs the integral method and
the test particle Monte-Carlo method. Also, new approximate method combining the double stage
solutions, so called double-approximation, is presented here. The calculated values of transmis-

sion probability for the single stage agree quantitatively with the previous known numerical
results. For a six-stage pump, the Monte-Carlo method is employed to calculate the overall
transmission probability for the entire set of blade rows. When the results of the approximate
method combining the single stage soultions are compared with those of the Monte-Carlo method
at dimensionless blade velocity ratio C=0(.4, the previous known approximate method overesti-
mates as much as 34% than does the Monte-Carlo method. But, the new approximate method
gives more accurate results, whose relative error is 109% compared to the Monte-Carlo method,

than does the previous approximate method.
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Fig. 1 Turbomolecular pump
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Table 2 Compared numerical values of Py, P, »2

Case 1 Case 2 Case 3
Tu et al.'® Present study Tu et al.® Present study Tu et al® Present study
Integral | Monte- Integral | Monte- Intergal | Monte-
method Carlo method Carlo method carlo
C=0.5 So=1.0, ¢=20° C=1.0, So=1.0, a=20° C=1.0, So=1.0, @=35°
Py
0.0750 0.0401, 0.0394 0.0847 0.0851, 0.0862 0.2297 0.2299, 0.2334
P
0.6348 0.6697, 0.6715 0.4958 0.4955, 0.4959 0.2768 0.2765, 0.2765
[(3¥]
0.2902 0.2902, 0.2891 0.4195 0.4194, 0.4179 0.4935 0.4936, 0.4901
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Table 3 Data of the multi-stage TMP

Fig. 14 Calculated curves for Kn.« as a function of C
in the case of 6-stage blade rows

Blade row number a So Diameter of rotor tip C Sk Se
1~-9 30° 1.0 300mm 0~0.5 4.0 0.04
10~25 20° 1.0 300mm 0~0.5 4.0 0.04




o
o)
o
&
o
o

=) f’°
ke
o
i
ol
—10
2
r

o o
M
(s}
o N
3
-8,
lo

Fig. 14~15% 6%t ¢ TMPol o &
0.1~1.031 Hloll Nl A4 abd

~Carlo®ol] 2|8 775 o HaEx wl ZHo
kol el ME ejmsled dERA Aol
Sekiya9} Kitora®x= 3tk TMP3E 2x¢=" o2 3
xl O}od oL]_ _55_ o;]:rLou/q Sg ul 5}27} 7 L 0. 02
3.0¢1 6tke] TMPol whafA 3z Monte-Carlo

e FastArh me, Frbgel o2 2AE
zlvh Fol7] Slshe] FAb45 A 400,0007H ©]
A AdEsle] a4 atalch

Fig. 144 o) hFulel A Cikel F7hgtel
ut2} Monte-Carlo 7} ghalZx} whlabe]l Aoy
23 WY AAD ST ¢ 4 Atk GEele
LAk el 2 el TMEA S48 £ 3
= ghEujrl RE 10°~10%] 2 42l 277}

du F AR E AR
oh, websd, &
) 74§ Fig. Mol 4 25e] whe
2 @4 Aske I soba
g Fig 159 #3&xal 7§—°r % =0.1¢
) Ao 86% Az ¢ aE vellch 2Eu, 7

el Aehalsh Aepz WA wE o §3he]

_1;!_0.‘;7/-\]
Aol A ol

rLQ

08

——— Monte-Carlo
A Single-Approx.
~| — Double-Approx. .-~ _-=

% 0.4
£

C
02t

093 04 07 1.0

Fig. 15 Calculated curves for Quax as a function of C
in the case of 6 stage blade rows

sl e & aol ofdelm Azbsm, Citol
FhREE Aot 44 Fle JYE wol
Fo

AL S
Fig. 14“‘15°ﬂ‘4 i—/r"] Z
C=0.49 4 Monte-Carlo = z}2] ©. 3
34% Axolvd, & Aol A o] FFEAE 4

2z 10% ol E+ Monte-Carlo 82 7 3}ol
TAHEE o 4 Sl

71Ee) whedEapl A%
/KO =S

e
4=, Monte-Carlo #-& o] &3l TMP2] 4
aﬂéﬁ}“: 7o) ZAlA Wil d ol Akl ul
| s TMPo} 4] gho2 F45of 9l
e wasl Aulsh 27Ee] d8ars)
olu] A& wlo] ojr Ax Eleldl
% debdeh o wHE ol 583 Aol
aw A3 Fig U~19)004

o 2

g :9_“ r\l

]

°, & b ool of off
=
e
T

LA
2o EAHAEL o) &
tlc} (single stage) = D}%(multl stage) o] o3l
2wl 2} Monte-Carlo] & 53 Fx|#j438 A3

st 2o 4B Qg

(1) Krugeret shapiroe} sid ==zl =g C
Zko] 18t} =He Aol 7 | = st Aet =5
glo] Ead 2B (Pp)Rrie ofddAe FEdl
o] 295 &5 (P, o Atke AL 4 F U
o}, e, zhzbel slgell= Apol E Holxint A
Aol 235 (P ole 2ol7b eigE

s



B s T o] K] dol 2k a4 A o

(3) Swl(=h/b)7} 7"l 2wl FAS 24
gg o & 9oy, S, Fae Zchn e 2.
el a4 32k Aol 2R ol
aelm, Spvb 1ech "M sy, S 018k 2
W 2 Alale) TMPol ¢loj4) Aol »lxd
0 Seo) ofdke o g aom & & glrf

(4) 65F TMP 34 4] wlcl(single stage) & %3}
% ] H Monte
-Carlo lirl g4t z2A qbEe] o HIALKeE

[=]
= =l O A
oAZL o F 99

§L%_0 2B c}o :J—/k]. wlH g] /é)_ﬂ},.‘:

2
1
=
1o
O
=
fo
W
)
A
ol
N
s
ol
p
[l
Y,
ob
)
lo

3 _cgjp} tha ZA Holzut
TMP7} =248 4 ole gb&ulz 2% 10°~10%]

gt #g wl & Aolw ozt AZE, A4
Aol wg nefstd Ay whyeg 4ste A

o] o #&3tctn herHet
w3, AR el ol &4 cinkel BaaES
z&etE =g &4 s R 2xkg Monte
3 o] &3l olF

(1) Hablanian, M. H., 1990, High- Vacuum Tech-
nology (A Practical Guide), MARCEL, DEK-
KER, Inc.

(2) Hucknall, D. J., 1991, Vacuum Tachnology and
Applications, Butterworth-Heinemann.

(3) Kruger, C. H. and Shapiro, A. H.,, 1961, In

Rarefied Gas Dynamics (Edited by L. Talbot),

3629

Academic Press, New York, pp. 117~140.

(4) Tu, J. Y. and Yang, N. H., 1987, “Theoretical
Studies of the Modern Turbomolecular Pump,”
Vacuwm, pp. 831~ 837.

(5) Tu,J. Y., Yang, N. H., Pang, S. J., Zu, Y, 1988,
“A Further Exploration of an Important Factor
Affecting the Pumping Performance of Tur-
bomolecular Pumps,” J. Vac. Sci. Technol., pp.
2535~2540.

(6) Sawada, T., Taniguchi, O. and Suzuki, M.,
1968, “The Axial Flow Molecular Pump,” Trans.
JSME, Vol. 34, No. 260, pp. 708 ~716.

(7) Sawada, T. Suzuki, M and Taniguchi, O.,
1971, “The Axial Flow Molecular Pump,” Bull.
JSME, Vol. 14, No. 67, pp. 48~57,

(8) Sekiya, S. and Kitora, Y., 1990, “Study of the
Performance of Turbomolecular Pumps: 1st
Report, The Performance of Finite-Height
Blades,” Trans. JSME, Vol. 525, pp. 178~ 185

(9) Sekiya, S. and Kitora, Y., 1991, “Study of the
Performance of Turbomolecular Pump: 2nd
Report, The Analysis of the Performance in the
Multiple Stages,” Trans. JSME, Vol. 534, pp.
185~192.

{10) Sawada, T. and Taniguchi, O., 1973, “The
Axial Flow Molecular Pump,” Bull. ]SME, Vol.
16, No. 92, pp. 312~318.

11) sed+f, 154, 1995, “¥|H Y=g = (Tur-
bomolecular pump; W 2] #FE2}FSo| B3
FRAMN A A" ey AR (95 FA EE)
3=+4dD, pp. 1~6,



