19 12 Vol. 19 No. 12
2011 12 Optics and Precision Engineering Dec. 2011

1004-924X(2011)12-2919-08

1.3 1,2% 1.2
9 ’
(1. ) 130033;
2. ) 100039 ;3. , 215163)
/
, . ( PDMS) .
. . 40 ym, 200~400 ym .
4.531 6~10. 081 ym, 10~2 000 pm
. 10 pms, o ’
: TH703;TH134.1 A doi: 10. 3788/OPE. 20111912. 2919

Dynamic effect in process of stopping capillary
by step valve in microchannel

ZHANG Ping'”* ,XU Lei"** , DENG Yong-bo'**

(1. State Key Laboratory of Applied Optics, Changchun Institute of Optics ,
Fine Mechanics and Physics ,Chinese Academy of Sciences, Changchun 130033, China;
2. Graduate University of Chinese Academy of Sciences, Beijing 100039, China;

3. Suzhou Institute of Biomedical Engineering and Technology ,

Chinese Academy of Sciences ,Suzhou 215163, China)

* Corresponding author , E-mail :xul231ei123 @163. com

Abstract: The relationship between the dynamic effect of a capillary and the length of microchannel in
front of a step valve was researched, then the influence of dynamic effect in the process of stopping the
capillary in microchannel formed by hydrophobic and hydrophilic walls on the step valve was analyzed.
According to the working principle of the passive valve of capillary and energy conservation law, the

critical length in front of the step valve was calculated when the step valve stoped the capillary. The
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calculated length corresponding to the critical length was obtained by numerical simulation. It shows
that when the actual length in front of the step valve is greater than or equal to the calculated length,
the valve can stop the capillary effectively. The step valves were fabricated by bonding polydimethylsi-
loxane (PDMS) to glass. Experiments of stopping the capillary by the step valve were performed in a
rectangular microchannel formed by three hydrophobic PDMS walls and one hydrophilic glass wall.
For the series of microchannel with a depth of 40 ym and widths from 200 ym to 400 um, the calculat-
ed length in front of the step valve is from 4. 531 6 pm to 10. 081 ym. In the experiments, the actual
length before the step valves for effectively stopping the capillary is in the interval from 10 pm to
2 000 pm. The results show that even if the actual length in front of the step valve is 10 um, the step
valve can also stop the capillary. Therefore, the dynamic effect of the capillary can be ignored in stop-
ping the step valves in the microchannel.
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Fig. 3 Black surface represents the liquid meniscus
just reaching the step valve (corresponding to
the initial time #,) when its kinetic energy is
Ey. The gray surface represents the liquid
meniscus stopped at the step valve of the sur-
face(corresponding to cutoff time ¢.) when its

kinetic energy is zero.

Fig. 2 3D schematic of step valve
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Fig. 4 (a) is the simulation diagram of the stable
surface at #, in the microchannel before the
valve; (b) Is the simulation diagram of the
effective curoff surface at ¢, with the contact
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Fig 7 Actual length in front of the step valves from

figureCa) to (f) is 10 pm and the width is
from 200 pm to 400 pm. The step valves stop

the capillary flow successfully.
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