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Abstract : This paper presentsanaytical and ex-
perimental study of e ectrocapillarity indielectricsun-
der theframework of parallel platesusing palm oil.
First, Mathematical approach was used to derive an
expression relating capillary ascent with the applied
field. Theresults obtained from the experiment and
that of theanalytical resultswere compared with the
expected resultsfrom the equation relating theliquid

INTRODUCTION

Electrocappilary drivenflow inamicro-gructureis
animportant phenomenarecei ving tremendous atten-
tioninrecent year sincetheadvent of the study of sur-
facetensonwhichisknowntobeasaresult of anin-
herent dominant forcein micro scale. Thetheoretical
and experimentd investigationto unravel the concept
has been reported in theliteratures®3. More attention
was geared towardsthe study following the advent of
scientist intention on the gpplicability and useful ness of
microfludic coupled with theimplication of the modifi-
cation of surface tension by meansof applying el ectric
potential or temperature gradient as carried out and
reported by Berge, Peseux and otherswho had inves-
tigated the use of electrocappilarity to change the of
contact angleduring capillary ascent by cregting atrans-

ascent and the applied field obtained from Lippmann
eguation, whereit was observed that thereisno evi-
denceof linear relation between the height of the cap-
illary riseof oil inthetube and the applied field.
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parent drop lensof variablefocal length. Prinset a
demonstrated that the control of fluid motion by
electrocapillarity pressurein threedimensiona struc-
tures containing thousand of microchannelsismore
probablethan use ordinary pressure>®l. In accordance
with variousliteratures, it iswell known fact that the
gravity isproportiona tothecubeof liquid droplet scale
whichisconfirmedtoinvariably affect thecapillary force
onmicrofluidicflow and goeson dramatically to show
that it even increases with decreasing scale thereby
prompting many researchersto use numerical smula
tionto enhancethe understanding of fluid flow behaviour
in complex system. Especially numerical simulation
based on LBM has been successfully applied in the
study of wetting on spreading phenomenainvolvingin-
terfacial dynamicg” and seem to have been muchvalu-
ablemethod for studying capillary driven flow®, gpart
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fromitsapplicability inamulation of dectrowetting phe-
nomenon®. Thisidealed delveintotolook at theinflu-
enceof changein contact angleof thedropletsof liquid
on adielectric- covered conductive substrate®® has
been examined after it hasbeen confirmed that increase
inapplied eectricfield doesnot affect contact angleas
far ascontact angle saturation has been reached which
is200VHH, In thiswork we intend to study how the
applied dectricfield affect capillary riseof palmoail ina
capillary tubethrough two pardle

THEORETICALANALYSIS

The Schrodinger equation for molecular electrons
of thepalmoil isof theform

[I:I0 —ih%t}//; =e,Shoty, exp(— | b Eot) 1)
Negl ecting the exponent with acommon factor of

gt and e'* which arelinearly independent resultsfrom
the solution of above equationto beof theform

Hoa)+—[Eo+ha)]a)+=§iy/o (2a)

Hoo —[E,—ho]o. :E_

o (20)

As E, +ho and E, o arenot eigenvalue of
H Sincew isnot absorption frequency, therelated eigen

function can be expanded to be
o, =) cy, 3
i=0
Thisenablesustowritethat
HoWi =Ry, @
Thisinvariably leadsto
h,=E-E, ©)

Sincetheédectricfield component issaid to be par-
tidly polarizedinthemoleculesof ail, thefiedin opera-
tion hereisfrom gpplied potentia differencegivenas

1.2
Y =7 > cvV (6)
Inapair of pardlel metal plate asinthecaseof our
experiment, the stored el ectrostatic energy inthe po-
larized dielectric showsthat surfacetension, y of any

liquidisrelatedtoeectricfield by

1
7/=7/0+Z.90[5—1]dE2 (72)

Thisisinvariably thetheoreticd relation betweensur-
facetensionand theapplied potentid differenceacross
theplateswhichintermsof contact angleisgivenas

Cosé —cosé + 1@V
2 yd

Where cisthe capacitance, and y, y_ isthefinal and
initial surfacetensionwhiledisthe separation between
thetwo paralléel plates which containsthe dielectric
materid(>2, Equations(1) isknown asLippmann equa
tion while equations (5 and 7) were derived by com-
bining the Young equation with theassumption that the
changeinsurfacetension at thesold/liquid interfaceis
theenergy storedin acapacitor acrossthedidectric. In
termsof liquid ascent, equation (6) can bewritten as

(70)

CVv?

=g ®
V

Since E=E 9
Cd

h—h, 100 E’ (10)

Considering thefact that apair of parallel meta
plates stored el ectrostatic energy in polarized dielec-
tric, theliquid ascent can bewritten as

1 c-1
h—h == | 2 |E?
& 4€°(pgrj

From thistheoretica framework deduction, non-

(1)

o - 1 .
liearity induced electricfield term C, = _580(5_1) is

observed.
EXPERIMENTAL PROCEDURE

Theexperiment wascarried out by settingup apair
of horizontal meta platesmeasuring 14mmx10mm5mm
with Imm asdistant of separation betweenthemfilled
with Perspex asdidectric materid. Two holesaremade
in between the center of the metal on top for the pur-
poses of insertion of capillary tube and the other hole
servesasan avenuethroughwhichairisexpelled and
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asofor pouring of pamoil asin Figure 1 Electrical con-
tactsprovided at the appropriateterminal senable con-
nectionto ahigh-voltage D.C sourcewhichreadusnga
sengtivedigita avommeter whiletheliquid ascent isreed
usingtheatraveling microscopeat aninterval asDC
sourceisadjusted. Theliquidiswell filteredinorder to
limit an abrupt changeintheliquidleve inthecapillary
tube. Asthe experiment went on, the applied potentia
wascarefully checked to avoid dielectric breskdownin
the set-up. Thepotentia differenceacrosstheplatesis
read from theavometer whiletheliquid ascent isread
usingtravelingmicroscope. Theliquidiswell filteredin
order to reducethe probability of abrupt changeinthe
liquidlevd inthecapillary. Thisisbecausethemaximum
gopliedfiddintheexperimentd set-upisinfluenced by
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electrophoresisthan digl ectric breakdown
RESULT AND DISCUSSION

Figure onepresentsthegraph of variation of liquid
ascent inthecapillary asafunction of applied voltage
for thisexperiment performed under ambient tempera-
turefromwhereit clearly obviousthat thegraphitsel f
does not exhibit alinear as aready observed by re-
lation accept within the threshold rangewhichisidenti-
fied between 0.00-50volt which led to maximum liquid
ascent of 119x102m. Thisaccording to theoretical re-
port isexpected due some unobservablefactor such as
changeinthesurfacetension at the solid/ liquidinter-
facethat oftenresult from thedteration of liquid—solid
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Figurel: Graph of liquid ascent h/10°masaof electricfield E /10vm™

135
130
125
120
115

110 ~ T T
0 20 40

60 80 100

Figure2: Comparison of thepredicted and analytical resultsbaseon lippmann eguation.
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Figure3: Thelogarithm of liquid ascent asafunction of logarithm of theelectricfield

interfacid energy asexplained by Berge?*3. Invariably,
it hasd so been observed that thegpplied potentia tends
not vary with contact angle aparticular known as satu-
ration potential4.

Figure 2 depictsthe comparative analysis of the
predicted and analytical resultsin relation to the ap-
plied potentia and capillary riseusing Young/ Lippmann
equation for surfacetensionwhilethat of thelogarithm
of theappliedfield and theliquid ascent isshownin
Figure 3which did not show any significant indication
of linearity of the syssem. However it wasa so observed
that fromthistheoretical analysistherewasno linear
relation between thetwo variables asindicated inthe
predicted result. Theana ytical graph hasthesameval-
uesat only two points; 1.75x10%V and 3.20x10°V. The
observation to be noted in theseresultswasthat there
isarequired threshold voltage in order to obtain an
appreciableliquid ascent during the experiment.
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