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ABSTRACT 
 
Previously, a compressible gas flow model was proposed, which couples microvalve structural parameters to gas 
parameters and flow boundary conditions, and which explained the behavior of compressible flow over a large range of 
conditions.  However, only a limited set of data, from a single orifice for the valve seat, was used to substantiate the 
model.  Multiple-hole or large-periphery valve seat structures were not measured.  In this work, the proposed 
comprehensive compressible gas flow model for microvalves is confirmed using measurements of flow through multi-
hole valve seat structures in microvalves. 
 
 

1.  INTRODUCTION 
 
Microvalves are used in a wide variety of application areas.  Control of gas flow makes them attractive for:  
semiconductor process gas control and distribution; automotive manifold air pressure, mass air flow, and anti-lock brake 
control; household natural gas control; and a wide variety of other applications.  The tremendous, contemporary interest 
in arrays of microvalves and related microflow-control components also demands an improved model -- especially for 
use in the compact modeling of microflow systems, similar to the modeling constructs employed in the design and 
analysis of microelectronic systems [1]. 
 
While microvalves have been the subject of research and development for some time, flow modeling efforts have 
lagged behind, especially in the realm of compressible gas flow.  Finite element analysis (FEA) can, of course, be used 
at any time.  However, FEA is always slow and cumbersome, and in any case cannot provide the design framework 
either to optimize a single microvalve as a function of manufacturing parameters and boundary conditions, or to 
simulate a network of microvalves and other microflow devices.  Such a design framework exists for integrated circuits, 
using SPICE and its derivatives.  There is a need for a similar, compact-model framework for microflow devices, which 
can accommodate steady-state and transient analysis of compressible flow.  The model confirmed herein goes far in 
filling this need.  It connects microvalve flow to all relevant manufacturing parameters.  And, it connects microvalve 
flow to the thermodynamics (temperature, pressure, and gas type boundary conditions) of compressible flow.   
 
Other flow models related to microvalves have been reported.  A loss-coefficient-based model which accounts for 
structural parameters was proposed, and compared to FEA data of air flow in a microvalve [2].  A model for an 
integrated gas flow controller, covering the Knudsen or transition regime of flow, has been described [3].  A compact 
flow model for fluidic networks has been described, which does not, however, include valves [4].  FEA techniques have 
been used [5].  A flow model for a pneumatically actuated microvalve, which includes effects of channel pressure drops 
on the membrane actuation, has been developed [6].  However, Ref. [6] assumes the flow is incompressible, even in the 
case of gases, which limits its applicability. 
 
In our own work, modeling began with a loss-coefficient-based model [7].  This model was unsatisfactory, in that it had 
four fitting parameters.  In addition, these parameters required re-characterization for any change in structure, or in 
temperature or pressure boundary condition.  Subsequently, a satisfactory model for microvalves having a single and 
simple-structured valve seat was created [8].  This model utilized a characterization technique which led to a constant 
coefficient of discharge, across a wide range of structures, pressures, and flows.  However, this model was limited, in 
that multiple valve seats, or seats with complex structure, could not be accommodated [9].  As a consequence, the model 
described in [10], which is confirmed here, became necessary. 
 

MEMS/MOEMS Components and Their Applications, edited by Siegfried W. Janson,
Albert K. Henning, Proceedings of SPIE Vol. 5344 (SPIE, Bellingham, WA, 2004)
0277-786X/04/$15 · doi: 10.1117/12.532665

155




