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Fig.1 Micro-flow experimental set~up
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Fig.2 Pressure drop and flow rate of non-ion water

3.2 UL AR
3.2.1 W& - B



436 B =24 # Eicd 2002 F B 34 %

S A VURER R IERME N TR, TR RSB LR AT

*1 TBRAGSH
Table 1 Specifications of test liquids

Molecul Densit Viscosity Test Microtube
r i
Test liquids ° e?u & ensity dynamic coff. temperature length
weights g-cm~3
mPa-s °C cm
non-ion water 18 1.00 1.053 18
CCL,4 153.8 1.63 0.99 17.5 4.774
CeH5C2Hs 106.2 0.88 0.685 18.5 4.634
CgHi2 84.2 0.81 1.027 19 4.512
=EMAVBE R SRS RINE 3 R,
1 — theory
a4 CCLa vyax=--3.3%,0=3.21%
0.104 o CgH,CoHs imax=-3.0%,
s =0.19%
0.084 = 06}112 “Ymax :——8.8%,
i) §=4.3%
2 0.06-
.
&
0.04
0.02 Vs
&
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Fig.3 Pressure drop and flow rate of organic liquids
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FLOW CHARACTERISTICS OF NON-POLAR ORGANIC LIQUIDS
WITH SMALL MOLECULES IN A MICROCHANNEL Y

Li Zhanhua  Zhou Xingbei Zhu Shannong
(LNM, Institute of Mechanics, CAS, Beijing 100080, China)
*(Laboratory of Polymer Physics & Chemistry, Institute of Chemistry, CAS, Beijing 100080, China)

Abstract The micro-scale flow’s behavior has attracted great interest of {Le scientific researchers
of the Micro-Electro-Mechanical-Systems (MEMS). As the flow characteristic length approaches
to the intrinsic one of fluid medium, it is an oren guestion that if macro scopic fluid flow rules
keep valid. For gas flows, the Knudsen number linking these two characteristic lengths, has been
regarded as the criteria from continuous theory wo free-molecule flow: Kn < 1072 is for continuous
flow regime and I{7n. > 10 ior free-molecule flow regime. But for liquid flows, unfortunately,
understanding of micro-rluid mechanics is much less than that for gases. It’s still unclear whether
the intrinsic characteristic length of liquid and the nondimentional number, like Kn, is suitable
for liquid as. Some recent experimental results in micro-scale flows show conflict phenomena.
This is not only resulted from the difficulty of the micro-scale experimental technique which needs
improvement, but also from unawareness of fundamental facts in micro-fiows. So it’s valuable to do
further in depth research. This paper presents at first the micro-flow experimental apparatus. Its
pressure range was from 0 to 1 MPa with a high-pressure gas source, the experimental temperature
varied in the range of 10°C~40°C and the flow rates were measured indirectly with displacement
method. The error were analyzed, including the error resulted by the unsteady influence of the
displacement of the liquid free surface. Under this experimental condition, the main error was
resulted in the measuring of the microtube’s diameter. Non-ion water and several organic liquids
through a microchannel with diameter near 25 pm were investigated. Flow rates and pressure drop
were measured. The experimental Reynolds numbers were smaller than 8, the liquid molecular
weights vary from 18 to 160, their viscosity are 0.5~1 mPa-s. The flow rates varied linearly with
pressure drop. It means that the flow behaviors are in agreement with the conventional theory in the
Hagen-Poiseuille flow. As all the organic liquids used are non-polar molecules and their molecular
scales, like CCLy, CeHsC2Hs and CgHyo, are smaller than 1 nm, the experimental results indicate
that the N-S equation based on continuity medium still acts well for the low Re number flow in

the microchannel under the present experimental conditions.

Key words microchannel, organic liquid, non-polar liquid, mems, scale effect

Received 25 April 2001, revised 04 September 2001.
1) The project supported by the National Fundamental Research Development Project of China (G1999033106)
and the National Climbing A Project of China.



