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Abstract This paper presents analytical and experimental study of electrocapillarity in dielectrics under the frame
work of parallel plates using palm oil.. First, Mathematical approach was used to derive an expression relating
capillary ascent with the applied field. The results obtained from the experiment and that of the analytical results
were compared with the expected results from the equation relating the liquid ascent and the applied field obtained
from Lippmann equation, where it was observed that there is no evidence of linear relation between the height of the
capillary rise of oil in the tube and the applied field.
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1. Introduction
Electrocappilary driven flow in a micro-structure is an
important phenomena receiving tremendous attention in
recent year since the advent of the study of surface tension
which is known to be as a result of an inherent dominant
force in micro scale. The theoretical and experimental
investigation to unravel the concept has been reported in
the literatures [1,2,3]. More attention was geared towards
the study following the advent of scientist intention on the
applicability and usefulness of microfludic coupled with
the implication of the modification of surface tension by
means of applying electric potential or temperature
gradient as carried out and reported by Berge, Peseux and
others who had investigated the use of electrocappilarity
to change the of contact angle during capillary ascent by
creating a transparent drop lens of variable focal length [4].
Prins et al demonstrated that the control of fluid motion by
electrocapillarity pressure in three dimensional structures
containing thousand of microchannels is more probable
than use ordinary pressure. [5,6]. In accordance with
various literatures, it is well known fact that the gravity is
proportional to the cube of liquid droplet scale which is
confirmed to invariably affect the capillary force on
microfluidic flow and goes on dramatically to show that it
even increases with decreasing scale thereby prompting
many researchers to use numerical simulation to enhance
the 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 phenomena involving interfacial dynamics [7]
and seem to have been much valuable method for studying
capillary driven flow [8], apart from its applicability in
simulation of electrowetting phenomenon [9]. This idea
led delve into to look at the influence of change in contact

angle of the droplets of liquid on a dielectric- covered
conductive substrate [10] has been examined after it has
been confirmed that increase in applied electric field does
not affect contact angle as far as contact angle saturation
has been reached which is 200V [11]. In this work we
intend to study how the applied electric field affect
capillary rise of palm oil in a capillary tube through two
parallel

2. Theoretical Analysis
The Schrodinger equation for molecular electrons of the
palm oil is of the form

 H o − i ∂ =
(1)
ψ ′ ez sin ωtψ z′ exp − l  Eo t
∂t  z


(

)

Neglecting the exponent with a common factor of eiωt
and e −iωt which are linearly independent results from the
solution of above equation to be of the form

e
H 0ω+ − [ Eo + ω ] ω+ =
ψo
2i

(2a)

e
H oω_ − [ Eo − ω ] ω− =
2i

(2b)


As Eo + ω and Eo − ω are not eigenvalue of H
since ω is not absorption frequency, the related eigen
function can be expanded to be
∞

ω+ ≡ ∑ ci†ψ i

(3)

This enables us to write that

H oψ i = Eiψ i

(4)

i =0
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This invariably leads to

hω=
Ei − Eo
i

(5)

Since the electric field component is said to be partially
polarized in the molecules of oil, the field in operation
here is from applied potential difference given as

1
=
γ γ o − cV 2
2

(6)

In a pair of parallel metal plate as in the case of our
experiment, the stored electrostatic energy in the polarized
dielectric shows that surface tension, γ of any liquid is
related to electric field by

1
4

γ=
γ 0 + ε o [ε − 1] dE 2

(7 a)

This is invariably the theoretical relation between
surface tension and the applied potential difference across
the plates which in terms of contact angle is given as

1 εε 0
cos θ − cos θ +
V
2 γd

(7b)

Where c is the capacitance, and γ , γ o is the final and
initial surface tension while d is the separation between
the two parallel plates which contains the dielectric
material. [2,12] Equations (1) is known as Lippmann
equation while equations (5 and 7) were derived by
combining the Young equation with the assumption that
the change in surface tension at the sold/liquid interface is
the energy stored in a capacitor across the dielectric. In
terms of liquid ascent, equation (6) can be written as

CV 2
h − ho =
rρ g

(8)

Since

E=

V
d

Cd
h − ho = E 2
rρ g

(9)
(10)

Considering the fact that a pair of parallel metal plates
stored electrostatic energy in polarized dielectric, the
liquid ascent can be written as

1  ε −1  2
h − ho =ε o 
E
4  ρ gr 

(11)
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of palm oil as in Figure 1 Electrical contacts provided at
the appropriate terminals enable connection to a highvoltage D.C source which read using a sensitive digital
avommeter while the liquid ascent is read using the a
traveling microscope at an interval as DC source is
adjusted. The liquid is well filtered in order to limit an
abrupt change in the liquid level in the capillary tube. As
the experiment went on, the applied potential was
carefully checked to avoid dielectric breakdown in the setup. The potential difference across the plates is read from
the avometer while the liquid ascent is read using
traveling microscope. The liquid is well filtered in order to
reduce the probability of abrupt change in the liquid level
in the capillary. This is because the maximum applied
field in the experimental set-up is influenced by
electrophoresis than dielectric breakdown

4. Result and Discussion
Figure one presents the graph of variation of liquid
ascent in the capillary as a function of applied voltage for
this experiment performed under ambient temperature
from where it clearly obvious that the graph itself does not
exhibit a linear as already observed by [12] relation accept
within the threshold range which is identified between
0.00-50volt which led to maximum liquid ascent of
119x10-2m. This according to theoretical report is
expected due some unobservable factor such as change in
the surface tension at the solid / liquid interface that often
result from the alteration of liquid –solid interfacial energy
as explained by Berge. [2,13] Invariably, it has also been
observed that the applied potential tends not vary with
contact angle a particular known as saturation potential.
[14].
Figure 2 depicts the comparative analysis of the
predicted and analytical results in relation to the applied
potential and capillary rise using Young / Lippmann
equation for surface tension while that of the logarithm of
the applied field and the liquid ascent is shown in Figure 3
which did not show any significant indication of linearity
of the system. However it was also observed that from this
theoretical analysis there was no linear relation between
the two variables as indicated in the predicted result. The
analytical graph has the same values at only two points;
1.75x103V and 3.20x103V. The observation to be noted in
these results was that there is a required threshold voltage
in order to obtain an appreciable liquid ascent during the
experiment.

From this theoretical framework deduction, non-liearity
1
induced electric field term Cd =
− ε 0 ( ε − 1) is observed.
2

3. Experimental Procedure
The experiment was carried out by setting up a pair of
horizontal metal plates measuring 14mm x 10mm5mm
with 1mm as distant of separation between them filled
with Perspex as dielectric material. Two holes are made in
between the center of the metal on top for the purposes of
insertion of capillary tube and the other hole serves as an
avenue through which air is expelled and also for pouring

Figure 1. Graph of Liquid ascent h/10-5 m as a of electric Field Ex/10Vm-1
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