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Abstract

Pumping performances of a helical molecular drag pump (MDP) and of a radial MDPs are
numerically analyzed by using the direct simulation Monte Carlo (DSMC) method. A helical- and
radial-MDP have rotating pumping channels cut on a cylinder and on a disk, respectively. For a
helical MDP, the present results agree quantitatively with the previously known numerical
results. For radial MDPs, both of the Type 1 (having pumping channels cut on the stationary
disk) and of the Type 2 (having pumping channels cut on the rotating disk) are analyzed to
predict their performances for various parameters, 7. e., the radius of curvature center of the
channel wall, the depth of the channel, the clearance between housing and disk, and the rotating
speed. The results show that the performance of the Type 2 is superior to that of the Type 1, and
that for all types the pumping efficiency decreases as the clearance increases. Also, the radial type
MDP has larger leakage losses in the direction of pumping channel than does the helical one.
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Table 1 Data of helical type drag pump.

Gas Nitrogen
Rotation speed 600 rps
Temperature T 296 K
Diameter of rotor Dy 136 mm
Length L 115 mm
Angle of channel a 15°
Width of channel 50.46 mm
Depth of channel d 4 mm
Clearance Ad 0.48 mm,
0.88 mm




Stationary wall

lustration of the pumping process of a pump-
ing channel in a three-dimensional model.
Surface 1, 3, 4 (bottom), and 7 are in motion
and surface 2 is at rest. Surface 5 and 6
correspond to both ends of the pumping chan-
nels. Surface 8 and 9 are assumed to handle
the leakage of molecules through the leakage
channels in the calculation.

Table 2 Data of radial type drag pump.

Gas Nitrogen
Rotation speed 400 rps
Temperature T 296 K
Inlet pressure P 10 Pa
Inner radius R1 43 mm
Outer radius R2 86 mm
Radius RC 56 mm
Radius R3 39 mm
Depth of channel d 5 mm
Angle a 36°
Radius angler 7 8.5°
Clearance 4d 0.5 mm

o2 wrf& widslo] glu 7z o FAFo oA
) P& FAs] gleh, o I whE A

S o328 A Ado] H& FAoR wdEe U7
ol B ATol A & e Aduk sl sig )

B SN AP 643

Axis

Stator

(a) Pumping channels on the stationary disk

, Rotor

— Casing

o Stator
(b) Pumping channels on the rotating disk

Fig. 4 Theoretical arrangement.

AlAbell ARG b7 FY Hzo] £ auige
Table 29} 7t} Table 204 AAg 5L 7]
o2 3ol ZE|o} Adole R FAE & el gl
o dd, d, rps, R3EF wsA7=HA 2 w0
w2 HANHIAEE (wme) & AR 258
(groove) YAl A 27kR2 AE| o] Eol] 2Fu
7} e A% (Type Dot zEo]l 2Fu87t e
A% (Type 2)ell dlall Z7 sl Aslgd o, Zt7te
Hejol] sl F-gubakoll wel bR ez 4
7} FEde 4% (+rps), tEem f9lde A
§ (—rps) & }ro] AlAbstg ek (Fig 4 &),

e

ol

2.2 FxR|GHAM Uy

2 Aol oFazt she slAdgE 0.01<
Kn<1009l AAFolA FAFAS 7R eln, o]
ogoj e uv] o4 odode]lm g Navier-StokesHl A A
A" 4 glow, Z1AEA5-¢ Boltzmann
Ao ofa] AwiHct, Boltzmann ¥ 42 &)
= We Ff/7F dew, B dAFeAd+=

Birdi?e] oja| 7w DSMCHE ol&3tust @
o},

E o rlo



644 SES

T ATl ATt FEFE o= Y

Afcel) 2 o] zh Algd 24t 5078 o4 ¥
5 sl Aabg FAsgon, FELARA
= 7+al+ =+ (hard sphere model) 2 o] &34
of. gd & Aol ALgg s mele 334l 3
dolZ] ol Zeloh selolE kel FA ddE E

A52 % (leakage) 2 ¥ 3gleh,
FAH ] A B Aol dgE WAL F
a3 AdAE F R ATl A4bFiHe A
A

+ FAeE FAH AAHAE HAEsYCh
100070, 16003 %ol widled =lelg]l 100Mhzgl
Aol A A4 841 CPU A|zke] i 124]7F
AE 4a5w dxzles o 20 Mbyte 4= d2 3
At FAAALY] 5ES FHA77] HdAE
Aol 5 A3 z=AHse ol Hadch ¥ o
TFolAE ¢l - 79 k& aested Ao arlE
AAstget. & 27359 o] el wla] =g
7] Wl 275 A9 271% ¢l vl #A
i, AlAd A ZlAle] 2 (T)w dAsen
7tg skl on, ¢ - Z2FolAe] 22 U ()
b2 Al (Dl & q) - e sk (PR
g F3gidh

n1.2:P1,2/kT )]

Ag 294, 420, 630712 WA 7w A4
77} Table 30 A A1=]e] 9leh, FHella] B Zo
AFE 42070014 63002 FoHA1A 749 Aab Al
= 9F 0.37%°l", ) - E79 dHzACl wepA
400~8007 H=F AWsldct, Aol A8d A
ZAlE Fig. 5(a)-(b)oll Alx|stgom, =7t Fig.

Fig. 5(b) & 7 Fd g =9
A AE Jebd el 2 Al 7}

Hol7| whiol 2t A7) §h e ameisjel Ae) 2
3 2ol kol 4ol

=
2R FTF A a7E

Table 3 Effect of cell size on the numerical
results (Type 2, + »ps).

No. of Cell]  wmax | Swax(/s) | Quax(Pa - 1/s)
294 0.267 42.95 429.5
420 0.270 43.33 433.3
630 0.271 43.60 436.0
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