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ABSTRACT

This paper reports the modeling of the stationary
flow-structure interaction of different types of micro check
valves. Mathematical indirect, domain coupied and de-
coupled, finite element models as well as analytical
approximations are made. The obtained simulation resuits
are validated by performed measturements on fabricated
micro valves. Simple analyvtical formulas are derived. These
can be used for micro fiuid handing component design
purposes as well as for input for numerical lumped element
system simulation programs.
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INTRODUCTION

in the field of chemical anaiysis, there is need for
smudl, portable and cheap (disposable) systems of chemical
and physical sensors and actuators. With use of micro
mechanical fabrication techniques we aim at fabricating
such components and integrating them into a so called
“Micro Total Analysis System” (u-TAS) [1]. These
miniaturized systems benefit from the possibility of fast
chemical, mechanical and fluid dynamical responses due to
small internal volumes. To predict the stationary as well as
dynamical responses of the micro fluid handling
components, such as valves, we need design tools. For
dynamic system modeling with bond-graph methods, like
20-S8IM [2], flow and effort transfer between lumped
elements must be described. These programs require input
of the component behavior in the form of (simple)
anajytical formulas. For elementary structures like circular
tubes, analytical formulas can be derived withouwr any
problem. For more complex geometries, numerical tools are
needed, based on discretization principles like finite
elements (FEM) [3].

PASSIVE MICRO VALVES

In fluid handling systems, micro check valves play
an important role. With use .of the diode function, fluid
streams can be directed. This type of vaive provides the
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possibility to build micro pumps like it is demonstrated by
Van Lintel et. al. [4], A direction dependent pressure drop
over the valve is obtained due to flow-pattern related
changes, such as with the diffuser-nozzle principle [5}, or
due to reduction of the cross-area when the flow is reversed.
In this paper, the four types of valves, listed in figure 1. are
discussed. The pressure drop / flow-rate relations are
researched numerically and analytical approximations are
made.

B. Membrane valve

D. Duckbill vaive
Figure 1. Modeled passive check valve types

Valve A. consists of a rigid boss which is
suspended by four flexible beams. If a flow-stream is
applied, coming from the bottom, the pressure drop over the
valve will result in a lift of the boss. An opposite pressure
drop will press the boss against the vaive seat and closes the
valve.

A membrane valve only consists of a flexible
membrane. Besides a iift of the membrane, also z
deformation of the flow-area arises, depending on the
applied flow rate.

The fiap valve consists of a flexible plate, clamped
at one side. If flow is applied at the bottory, the plate will
bend vp and the fluid flows through In the opposite
direction, the plate will be pushed agzinst the substrate
which closes the gap.

Finally, the duckbill vaive (D) is shown, which is
functioning according to the same principle [7]. However,
the plate is now positioned under the crystallographic angle
of 54.7 degrees as a result of an-isotropic KOH etching of a
[100] wafer. Besides this, the plate is fully clamped at three
edges instead of one, which results in a curved, sinusoidal
flow-opening.






