Experimental Thermal and Fluid Science 35 (2011) 849-865

Experimental Thermal and Fluid Science

journal homepage: www.elsevier.com/locate/etfs

Contents lists available at ScienceDirect

@:= Experimental
ETE Thermal and
=14 Fluid Science

A critical review of the measurement techniques for the analysis of gas
microflows through microchannels

Gian Luca Morini *, Yahui Yang, Habib Chalabi, Marco Lorenzini

Dipartimento di Ingegneria Energetica, Nucleare e del Controllo Ambientale, Alma Mater Studiorum, Universita di Bologna, Viale Risorgimento 2, I-40136 Bologna, Italy

ARTICLE INFO

ABSTRACT

Article history:

Received 12 November 2010

Received in revised form 21 February 2011
Accepted 21 February 2011

Available online 25 February 2011

Keywords:

Microfluidics

Microconvection

Friction factors in microchannels
Rarefied gases

Compressible gases

In Microfluidics, a large deviation in the published experimental data on the dynamic and thermal behav-
ior of microflows has been observed with respect to the classical theory but, from a chronological analysis
of these experimental results, it can be realized how the deviations in the behavior of fluid flows through
microchannels from that through large-sized channels are decreasing. Today, it seems to be clear that
some of the inconsistencies in the data were originated from the experimental methods used for the
investigation of convective microflows. This fact highlights the need for the development of specific mea-
surement techniques for Microfluidics. In this work, we explore and categorize different approaches
found in literature for measuring microflow characteristics, especially for gas flows, and the geometry
of the microchannels pointing out the advantages and disadvantages inherent to each experimental tech-
nique. Starting from the operative definition of friction factor, the main parameters that must be checked
in an experimental work in order to characterize the flow are reviewed. A discussion based on uncer-
tainty analysis will be presented in order to individuate the main operative parameters that one must
be able to measure accurately to determine pressure drop in the microchannels with a low level of uncer-
tainty. In the paper each measurement technique is critically analysed to evidence the important issues
which may have been overlooked in previous researches. The main goal of this study is to give a summary

of experimental procedure and a useful guideline for experimental research in Microfluidics.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

During the last 10 years a rapid development of new microflow
devices (MFD) in several scientific fields has taken place. Nowa-
days, the manufacture of MFDs, like micropumps, microvalves,
microcold plates, microheat exchangers, and other microcompo-
nents and sensors used in chemical analysis, in biomedical diag-
nostics or in flow measurements, is a consolidated reality. The
design of new MFDs requires a deep knowledge of the fluid-
dynamic and heat transfer phenomena within microchannels in
which a liquid or gas flows.

For this reason, many experimental studies have been con-
ducted in order to analyze the behavior of convection through
microchannels, of which a review is given in [1-3]. In particular,
the main goal of these studies was to determine the friction factors
and the convective heat transfer coefficients through microchan-
nels in which a pressure-driven flow was imposed.

These experimental results have been used in order to verify if
the laws governing transport phenomena within channels of mac-
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roscopic dimensions still hold at the microscale, and, if not, which
new effects must be taken into account at the microscale.

A large scatter in published experimental data and inconsisten-
cies have been observed with respect to the classical theory but,
from a chronological analysis of these results, it is possible to
extrapolate how the deviations between the behavior of fluids
through microchannels and through large-sized channels are
decreasing. The last experimental works in Microfluidics seem to
highlight that some of the observed discrepancies in the data were
originated from the experimental methods used for the investiga-
tion of convective microflows.

In fact, in the last years a dramatic improvement of the tech-
niques of microfabrication has enabled a more accurate control
over the geometry of microchannels and innovative and more
accurate measurement techniques for microflows have been pro-
posed with a general improvement of the reliability/accuracy of
the experimental data reported in the literature: these latest data
seem to be in agreement with the classical theory.

This highlights the need for the development of specific mea-
surement techniques for the Microfluidics field or a refinement
and adaption of the ones used at larger scales.

In this work, we explore and categorize different approaches
found in literature for measuring microflow characteristics -
especially for gas flows - and the geometry of the microchannels
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