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Numerical Analysis on Thermal Transpiration Flows
for a Micro Pump

Joong-Sik Heo, Jong-Chul Lee”, Young-Kyu Hwang , Youn J. Kim™

Key Words : Knudsen compressor(=# 7)), Thermal transpiration(@31]), Rarefied gas(E5}7]H), Thermal
creep flow(E3E +5)

ABSTRACT

Rarefied gas flows through two-dimensional micro channels are studied numerically for the performance
optimization of a nanomembrane-based Knudsen compressor. The effects of the wall temperature distributions
on the thermal transpiration flow patterns are examined. The flow has a pumping effect, and the mass flow
rates through the channel are calculated. The results show that a steady one-way flow is induced for a wide
range of the Knudsen number. The DSMC(direct simulation Monte Carlo) method with VHS(variable hard
sphere) model and NTC(no time counter) techniques has been applied in this work to obtain numerical
solutions. A critical element that drives Knudsen compressor is the thermal transpiration membrane. The
membranes are based on aerogel or machined aerogel. The aerogel is modeled as a single micro flow channel.
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Fig. 2 Single stage Knudsen compressor
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Table 1 Flow conditions for micro—channel simulation

Geometry L=5m, H=1 m
Case-1 Case-TI Case-l | Case-IV
Inlet
P, T 27 000Pa | 27 000Pa | 2 700Pa | 270Pa
30K 300K 30K 300K
Outlet 10 800Pa | 29 700Pa | 4 050Pa | 405Pa
(Po, To) 300K 900K 900K 900K
Pressure | b b 04 | PyPELL | PYR=L5 | PyPeLS
ratio
Kn 02 0.2 2.0 20
Linear distribution
T, ()
900K
tZrVnaxl)l isothermal
- 300K | —
Tw(x) HOK
X
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