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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 pm and widths from 200 pm to 400 pm, the calculat-
ed length in front of the step valve is from 4.531 6 pm to 10. 081 pm. 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 {ront of the step valve is 10 pm, 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. 1 Schematic of capillary meniscus in the micro-
channel composed of hydrophilic and hydro-
phobic walls
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Fig. 2 3D schematic of step valve
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Fig. 3 Black surface represents the liquid meniscus

just reaching the step valve (corresponding to
the initial time t,) when its kinetic energy is
Eu. 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.
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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 t. with the contact

angle of m.
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Simulation result of capillary surface

of surface on both sides of liquid in . A is the ratio
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Fig 7 Actual length in front of the step valves from

figure(a) to () 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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