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EXPERIMENTAL ANALYSIS OF THE
DIELECTROPHORETIC FORCES INFLUENCE
ON HEIGHT OF RISE OF FLUID IN A CAPILLARY
SYSTEM FOR BOILING CONTROL IN MICRO-
CHANNEL

Flow control in microchannels is one of the key&sin many areas of modern
technology, such as medicine, bio-engineering, csteyrand, in recent years, also
in problems of thermodynamic processes controls Paper presents the results of
experimental studies on the dynamics of liquid nm&et between the walls of
a microchannel, which is the effect of the elecfiédd applied to the walls (the
dielectrophoresis phenomenon). The presented sefilila gap in the literature,
being also an important material for the deternimabf the device key parame-
ters, such as the height of the microchannel edes, frequency and amplitude of
applied voltage, the selection of periods with avithout voltage, all of which
affect the operation of the device.

Keywords: flow rate control, microchannel, dielectrophoresis

1. Introduction

Understanding and controlling of fluid-flow at miscale is of great im-
portance due to growing range of its applicatiamduding nowadays, among
others, medicine, bio-engineering and chemistrycrMiuidic devices are also
used for heat transfer in microelectronic systemswvall as in refrigeration,
cooling and OCR systems. To enhance a capillagefariven flow which is
characteristic for microfluidic devices the elecffield is often employed to in-
duce electrowetting, electrocapillarity or dielegtinoretic (DEP) effects [7]. A
microchannel flow controller based on DEP effect baen proposed by us late-
ly [4, 5]. The pressure-driven flow in a channethwiectangular cross-section is
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enhanced by capillary and DEP forces in this devicavas shown that by
changing the electric voltage applied to the etetds placed on vertical walls of
the channel the liquid flow rate can be effectivadgulated. However, optimiza-
tion of this device, particularly with the goaldontrol its time-response proper-
ties, is required if the controller is to be trehts a part of a feed-back system
for temperature regulation. To this end, knowledfjthe influence of the forces
on the fluid height of rise is necessary becauseatue is correlated with the
liquid flow rate in the controller [4-6].

A time evolution of the height of rise for capifadriven flow was ana-
lyzed theoretically first for tubes of circular smsections [10]. Classical Lucas-
Washburn equation takes into account viscous, gitiansion and gravitational
forces. More advanced models incorporate inerdetd and entrance pressure
loss effects [1, 9]. Newer papers account alsolleidate and rectangular ca-
pillaries [9, 11]. A generalized theoretical an&yfl 2] gives the results which
agree very well with experimental results for diéiet geometries, dimensions
and fluids. Despite the fact that the effect of ¢hgillary rise seems a very well
understood subject, to our knowledge, there isnadyais on the temporal evo-
lution of the height of rise for the case when Df&Res exist together with ca-
pillary forces. Papers that deal with the eledigtd effects on the capillary dy-
namics are devoted to electrowetting [2] or ele@pillarity [8] effects only.

The goal of our work is to perform experimental lgsia of the influence
of the DEP forces on the temporal dependence ofidiight of rise in capillary
system made of two parallel plates constituting electrodes. The rate of rise
is essential for the proper design (selection efdalectrodes height) of the flow
control system based on a solution proposed by dwaski in his patent [3].
Knowledge of height of rise dynamics also allowstfte selection of the time-
dependent parameters of the microfluidic flow colhér.

2. Laboratory stand

The paper presents the results of experiments otedilon a test stand
schematically shown in figure 1. The stand consit& microchannel, high
voltage supply system and optical system for réogrend time analysis of the
rise rate. The main element of the test standni®del microchannel consisting
of two copper electrodes forming its walls and aethe distance of 30am.
The sidewall electrodes are made of copper. Hidtage is applied to each of
the sidewalls. Microchannel model (Fig. 2) is imees in a specially prepared
tank ensuring that the increase of the liquid higlhgitween the electrodes causes
only a minimal lowering of the liquid level in thank due to its large volume.

Voltage supply system consisted of arbitrary waxaf generator type
RIGOL DG 1032 and high-voltage power amplifier typREK 10/10BS-HS
triggered by TTL signal from the image recordingtzoller. Rectangular AC
voltage signal was fed to the system electrodescohtrol and monitor the sys-
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tem operation, an oscilloscope type Tektronix TORZB was used. Linear
LED lamp CCS LNSP SW-200 of high luminosity wasoalgilized during the
experiments.

LIGHT
SOURCE

TREK 10/10BS-HS
MICROCHANNEL

MIKROTRON 1310

NI PCle 1429
DG 1032 NI PCI 6281

Fig. 1. Schematic view of the laboratory test stand

ELECTRODES

DIELECTRIC
LIQUID

Fig. 2. Schematic view of the microchar
in which time evolution of the height ofe
was investigated

The data recording system was based on the usegbfsheed mono-
chrome camera Mikrotron 1310 equipped with a SaereiXENOPLAN
2.0/28-0901 lens with a set of extension rings datd acquisition system based
on the boards NI 1429 and NI PCI 6281. The systefrdata acquisition and
video image recording were synchronized. Imageyaiglwas done in Lab-
VIEW environment with NI VISION Development Modul the experiments,
isopropanol was used as a working fluid.
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3. Experimental results

The height of rise changes over time for differgottages applied to
the microchannel electrodes are shown in figureh&. frequency of the applied
rectangular waveform of alternating voltage was bi20 During the measure-
ments, the current flowing in the space betweeretbetrodes forming the mi-
crochannel sidewalls was also controlled. Deperelafche height of rise on
the applied voltage is shown in figure 4 for a aagular alternating voltage
with a frequency of 500 Hz. It shows the liquid didi of rise increase with
the growth of the voltage applied to the electrodise channel walls.
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Fig. 3. Liquid height of rise in microchannel ofBm width; the frequency of the
applied alternating voltage was equal to 500 Heubltage was measured peak-to-peak

It follows from the relationships shown in figureti3at the achievement
of the maximum liquid heigh of rise in the intexdlede space requires approx-
imately 2 seconds. On the other hand, relativety gh value of the rise indi-
cates that in the design process of the systemedbas the phenomenon
of dielectrophoresis it is suitable to reduce tlgght of the electrodes which
reduces the range of the regulation but ensurgsrfessponse. This is particu-
larly important in the application of the examingldenomenon to control the
process of bubble formation during boiling where tifting velocity is of par-
ticular importance. For different voltage appliedhe electrodes, the maximum
level of liquid is achieved in similar time.

Time evolution of the electric current in the spaetween the electrodes
(microchannel walls) is shown in figure 5. It issaethat the current in the inte-
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relectrode space increases with the applied valtélge measured values of the
interelectrode current are low enough to not itetithe boiling of the liquid
flowing between the microchannel electrodes. Examypbhotographs showing
the height of the dielectric liquid pulling in timterelectrode space for different
values of applied voltage are shown in figure 6.
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Fig. 4. Height of rise as a function of the voltaggplied to the electrodes
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Fig. 5. Time evolution of the electric current f®lected values of interelectrode
voltage in the investigated microchannel; powempsufrequency was 500 Hz
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Fig. 6. Example photographs of the liquid risehia investigated microchannels; top image shows
the initial liquid level, succeeding images wereetaat time intervals of 0.5 s

4. Conclusions

The paper presents the results of the experimermgakurements of the die-
lectric liquid height of rise in the interelectrogpace of a microchannel. As fol-
lows from the literature review included in theraduction, such studies in
terms of the liquid rise dynamics were not caroed, yet. The results show the
temporal response capabilities of devices employtegdielectrophoresis phe-
nomenon which particularly refers to the flow goilers and systems control-
ling the process of boiling. The data acquired mythe investigation of liquid
rise dynamics allow for the optimal selection of tArget devices operating pa-
rameters. Moreover, the gathered results fill thpsgin the literature and in the
basic knowledge on the dielectrophoresis phenomenon
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EKSPERYMENTALNA ANALIZA WPLYWU SILY DIELEKTRO-
FORETYCZNEJ NA WYSOKO SC PODNOSZENIA CIECZY

W SYSTEMIE KAPILARNYM DO KONTROLI PROCESU WRZENIA
W MIKROKANALE

Streszczenie

Kontrola przeptywu w mikrokanatach jest jednym mddowych zagadniew wielu obsza-
rach wspotczesnej technologii, szczegolnie w medig;ybioinzynierii, chemii, a w ostatnich
latach réwnieé w kontroli proceséw termodynamicznych. Niniejsayylut prezentuje wyniki
bada eksperymentalnych dynamiki ruchu cieczy pgaoaiy sciankami mikrokanatu. Ruch ten jest
wywotany przytazeniem doscianek mikrokanatu nagtia pola elektrycznego (zjawisko dielektro-
forezy). Zaprezentowane wyniki wypetnjduke w literaturze przedmiotu,gsréwniez waznym
materiatem dla okgtenia kluczowych parametréw wdzenia takich jak wysoké elektrod mi-
krokanatu, cestotliwos¢ i wartas¢ napkcia zasilajcego, a take wybor przedziatdw czasu pagni
dzy okresami przyktadania nagpia i jego braku. Wszystkie wymienione parametryym@mja na
prag urzzdzenia.

Stowa kluczowe:kontrola szybkéci przeptywu, mikrokanat, dielektroforeza
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