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In this study, the performance of a rarefied ?as transport system which
works by thermal induced flow was studied experimentally and numerically. The system was constructed
by arranging a series of some plates with slits in a glass pipe which was connected to two
chambers. The ratio of the pressure of two chambers was affected by the plate slit shape and surface
materials. The pumping efficiency tended to be high when the one fourth of the hydraulic diameter
of the slit was small.
In addition to the experiment, thermal induced flow around a set of thin discs with slits in a
straight pipe was investigated using the DSMC method. The simulation showed that the pressure
rapidly increases before and after the disc, su?gesting that the thin disc plays the role of a pump
by generating thermal induced flow around the slits in each thin disc.
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Fig.1 Thermal creep flow around a plate edge

2
Valve I Valve
Chamber A IR RN Chamber B
—
thin plates
Backing
pump

Fig.2 experimental system
Knudsen 0.0l

Fig.3 sample of the shape of slits and plate.




4 s=125

mm ( §D = 25/72) 100 140
1:11
A B

=N=N

Casel Casell Ceaselll CeselV
1 : : 0.97 T T T
. Casel ] e Casel e Caselll
0.99- + Casell i e Casell Case IV

: Caselll 1 0.96- |
&£ 0.98 ¢ Case IV B °

< . 1
= 09714 |
: et

0.96- 'w i
o ,

0% =24 6 8 10 0 —17 16 18 = 2
Pa AW
Pressureratio due to the difference Pressureratio to hydraulic
in the shape of dit diameter

Fig.4 (a) Effect of differences in the shape of the slit on the pressure ratio for a slit
spacing of 12.5 mm, (b) Minimum pressure ratio vs one fourth of hydraulic
diameter of the slit.
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Fig. 5 Relation between temperature ratio of different surface materials and
maximum pressure difference.




/ / / /
/ 6 Ta / TL
2 6
7
0<x<L 0<y<0.5D 0<z<0.5D y?+22<(0.5D)? AX=Ay=Az=D
/ 100 DSMC
(y z )
1:1.05
y
X
e — -
Z.
L
Fig.7 Calculation domain.
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Fig. 8 Velocity vector distribution in the tube cross section located at x = 0, and stream lines traced
based on the velocity near the dlit edge in the cross section of x = 0 and z= 0.25D for Kn = 0.01 (a),
and 0.1(b).
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TABLE I. Non-dimensional averaged velocity U / C, acrossdlits.

LID
Kn 0.125 0.25 0.5 0.75 1.0
0.01 0.247 x 102 | 0.224 x 102 | 0.225x 102 | 0.220 x 102 | 0.220 x 102
0.1 0.272x 102 | 0.276 x 102 | 0.268 x 102 | 0.269 x 102 | 0.245 x 1072
1.0 0.653 x 103 | 0.679 x 103 | 0.701 x 103 | 0.649 x 103 | 0.631 x 103
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Fig.9 Cross sectional averaged non-dimensional pressure distribution in the x direction and

non-dimensional mean pressure in the pipe for Kn = 0.01 (a), 0.1 (b), and 1 ().
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