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• Electrical ﬁeld modify sessile drop interfaces.
• Wetting and evaporation are inﬂuenced by few kV/cm ﬁelds.
• Evaporation enhancement is potentially important if wetting is controlled.
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a b s t r a c t
The enhancement of heat and mass transfer using a static electric ﬁeld is an interesting process for
industrial applications, due to its low energy consumption and potentially high level of evaporation rate
enhancement. However, to date, this phenomenon is still not understood in the context of the evaporation
of sessile drops. We synthesise the current research concerning the effect of an electric ﬁeld on sessile
drops with a focus on the change of contact angle and shape and the inﬂuence of the evaporation rate.
We also discuss the future prospects of this research ﬁeld.
© 2013 Elsevier B.V. All rights reserved.
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Over the past few decades, the evaporation of sessile drops has
been the subject of a great deal of interest, due to its increasing
use in heat and mass transfer applications and industrial processes.
Most of these investigations have been focused on the complexity of
the physical dynamics, such as the inﬂuence of the substrate surface
on the drop wettability, the evaporation ﬂux at the interface and
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the triple line, and the inﬂuence of the substrate temperature on
the evaporation rate [1–6].
Under normal gravity, different physical mechanisms drive the
evaporation of small drops: heat transfer by convection, heat
transfer induced by the substrate conduction, diffusion of the
vapour around the drop in the gaseous phase, and the molecular
interactions between the drop and the substrate that change the
wettability of the drop. From the existing literature, it is generally
assumed that drop evaporation is mainly controlled by the diffusion of molecules from the liquid–gas interface to the surrounding
gas [7,8]. This quasi-steady mechanism is expressed by the Laplace
equation. For small contact angle ( < 90◦ ), the evaporation ﬂux J
is given by the Fick’s law: J = − D ∇ c, where D is the coefﬁcient of
diffusion and c corresponds to the concentration [9,10]. However,
the rate of mass loss has been expressed for an arbitrary contact
angles by Popov [11]:
−

dm
= RD(cs − c∞ )f ()
dt

(1)

where m is the mass of the drop, R is the wetting radius, t is the time,
cs is the saturate concentration of vapour at the drop interface, c∞
is the concentration of vapour in the air and f() is a function of the
contact angle.
The effect of a static electric ﬁeld is of great interest in many
applications, including mass and heat transfer [12,13], particle
manipulation [14], coating [15] and drying [16]. Indeed, the generation of an electric ﬁeld is a cost-effective solution due to its low
power consumption.
The enhancement of the heat transfer in the evaporation process by the application of an electric ﬁeld can be useful on earth
to improve the evaporation rate, as well as in space, under weightlessness, to replace the absence of the convective effect. Thus, the
objective of research in this area is to overcome the diffusion limitation on the evaporation rate by applying an external electric ﬁeld.
Moreover, in the scope of the nanoparticle deposition by evaporation, which is limited on earth due to the presence of capillary
convection and gravity (the coffee ring effect), the use of an electric ﬁeld would provide a tool to control the pattern formation. The
applications are various on earth, as well as in space, regarding the
possibilities of heat transfer enhancement, such as cooling using
drop evaporation in space or the uniform deposition of nanoparticles that is required for almost all industrial applications (e.g.,
coating, printing, DNA mapping).
When a drop is exposed to an electric ﬁeld, its equilibrium shape
is established by the balance between the surface tension and the
external force corresponding to gravity and the electric ﬁeld. In
the case of a sessile drop, the surface tension tends to make the
drop spherical, whereas gravity tends to ﬂatten it. Typically, the
external ﬁeld tends to elongate the drop along the ﬁeld direction.
The augmented Young–Laplace equation describes the mechanical equilibrium between the surface tension, the electric ﬁeld, and
gravity [17–19]


1

R1

−

1
R2



= P0 + ()gz + Pe

(2)

where  is the surface tension, R1 and R2 are the principal radii of
curvature, P0 corresponds to the difference of pressure across the
drop interface,  is the density difference across the interface, g
is the gravitational acceleration, z is the vertical distance from the
reference and Pe is the electrical pressure corresponding to the
difference in the normal component of the Maxwell stress tensor
across the interface.
The presence of an electric ﬁeld affects the wettability of liquids according to Eq. (2). The change of the contact angle, called
the electrowetting effect, is caused by a potential applied to the
interface of the three-phase system ϕsl . This phenomenon can be

Fig. 1. Schematic of the electrode conﬁguration. (a) The electric ﬁeld is established
inside the drop. The upper electrode is in contact with the drop volume. (b) The
electric ﬁeld is established outside the drop.

derived from the Lippmann equation using the approximation of
a parallel capacitor for the solid–liquid interface and assuming the
differential capacitance of the interface Csl = 0 /d ( corresponding
to the electric permittivity of the dielectric layer beneath the liquid
drop and d corresponding to its thickness) [15,20,21]:
cos(e ) = cos(0 ) +

0 )2
Csl (ϕsl − ϕsl

(3)

2sl

Here,  e is the contact angle under the electric ﬁeld,  0 is the contact angle without the ﬁeld, and  sl is the interfacial tension of the
0.
solid–liquid phase at the zero potential ϕsl
An electric ﬁeld can be established in two ways, as shown in
Fig. 1. In the ﬁrst case, the electric ﬁeld is directly created inside
the liquid drops. One electrode is placed in contact with the drop
surface. The applied potential between the two electrodes is several hundred volts. Many theoretical, experimental, and numerical
studies based on this conﬁguration have been performed for different applications [15,22,23] such as in microﬂuidics (actuation and
drop manipulation) [24–28], optics [29,30], microelectromechanics [31–33] and electrical engineering [34–37]. However, because
the electrodes must be in contact with the liquid, such applications
require a precise adjustment of the experimental setup and may
not be convenient for large processes or those involving volume
changes.
In the other case, the electric ﬁeld can be established between
two plate electrodes without contact with the drop. This conﬁguration is less popular than the ﬁrst due to the order of magnitude of
the applied potential, which is in the range of several kV (electric
ﬁeld ∼1–10 kV/cm) and it constitutes a small part of the literature.
However, this setup may be the most appropriate for evaporation
applications.
This review encompasses the existing literature about the effect
of an electrical ﬁeld established by two plate electrodes on sessile
drops. First, the investigations about the inﬂuence of the electric
ﬁeld on the contact angle and the drop shape are discussed. Next,
the studies about the enhancement of evaporation under an electrical ﬁeld are summarised. Finally, the review is concluded with a
discussion of possible future investigations.
2. Changes induced by an electric ﬁeld
When a dielectric ﬂuid is placed in an uniform electric ﬁeld E, a
volumic electric force acts thereon. It is expressed by Eq. (4) [38]
fe = e E −



dε
ε0 2
ε0
∇ E2 r 
E ∇ εr +
2
2
d



(4)
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Eq. (9) corresponds to
Fp = Fw + F + Fe

(10)

where the corresponding forces are respectively the internal overpressure, the weight, the adhesion and the electric force [46].
The inﬂuence of an electric ﬁeld on the contact angle and wetting
radius of a drop must be known to be able to predict the evaporation rate given by Eq. (1). This section collects the studies based
on the action of an external electric ﬁeld (such the conﬁguration in
Fig 1b) with regard to three factors: the contact angle, shape, and
evaporation rate.
Fig. 2. Schema of the drop

2.1. Inﬂuence of an electrical ﬁeld on the wetting angle of a drop
The ﬁrst term of this sum corresponds to the Colomb’s force that is
connected to the free charge density of the ﬂuid e . This force generally predominates over the other forces in presence of free charge
in the ﬂuid. The second terms represents the dielectrophoretic force
that results from the non-uniformity of the relative dielectric permittivity εr under the electric ﬁeld. The last term corresponds to
the electrostriction force that acts on the ﬂuid when electric ﬁeld is
non-uniform. The dielectrophoretic and electrostriction are independent of the ﬁeld polarity [39].
The volumic electric force in and around a ﬂuid interface can
be reformulated as the divergence of the Maxwell stress tensor Te
[38,40,41]
fe = divTe

(5)

where its components are
tik = ε0 εr Ei Ek −





1
dεr
 ıik
ε0 E 2 εr −
2
d

(6)

Thus the resulting electric force Fe acting on the surface S of a drop
is given by Eq. (7). This force can be evaluated when the the electric
ﬁeld at the drop interface is known [46].



Fe =

Te · ndS

(7)

S

where n is the normal outward unit vector.
When a drop sitting on a ﬂat surface (see Fig. 2) is subjected to
an electric ﬁeld, the equilibrium can be calculated, for a stationary
case, by considering the momentum balance given by Eq. (8).




gl tgl dL +

CL




l g dV +

V



 dS −
pg · n

−
S


 dS +
Te,g · n

S

 dA
Te,l · n
A

 dA = 0
pl · n

(8)

A

Where A is the drop base area, CL is the contour of the drop base, S
is the area of the gas–liquid interface, V is the drop volume and the
subscripts l and g refer to the liquid drop and the surrounded gas,
considered here to be air. The integrals represent respectively the
adhesion force, the drop weight, the electric force at the gas–liquid
interface, the electric force at the drop base and the force caused by
the pressure at the gas–liquid interface pg and the base of the drop
pl .
The momentum balance can be simpliﬁed by considering that
the value of the electric stress tensor is zero at the droplet base,
which is grounded:
D2
(pf − g gH) = V (l − g )g + Dsin() +
4



 dS
Te,g · n

(9)

S

where D is the drop base diameter, H is the drop height and V is the
drop volume.

Only a few authors have studied the effect on the contact angle
and the interface when an electric ﬁeld is established outside a
liquid drop (shown in Fig. 1b). As depicted in Eq. (1), the evaporation rate of a sessile drop is a function of , which changes under an
electric ﬁeld. To predict this angle change, the Lippmann equation is
proposed and has been fully implemented by many experimenters,
who have correlated empirical results with a small variation in
the contact angle, especially in electrowetting, as represented in
Fig. 1a) [15,22,23,42,43]. In fact, the Lippmann equation considers
the effect of the electric ﬁeld on the drop wettability as a consequence of interface polarisation such as the classical capillary effect.
This relationship supposes that the surface tension of the solidvapour and liquid-vapour phases,  sv and  lv , are not affected by
the electric ﬁeld. This expression may not be considered for systems
with a dielectric multilayer, nonaqueous liquids, and different electrolyte concentrations [44]. Digilov et al. proposed that the change
in the contact angle may be due to the reduction of the line tension
caused by the charge redistribution along the contact line of the
three phase [20,45].
The experimental studies summarised in Table 1, focused on the
change in the contact angle for dielectric liquids under an external
electric ﬁeld varying from 1 to 25 kV/cm. The overall mean of these
results suggested an increase or decrease in the contact angle with
increasing magnitude of the electric ﬁeld [17,45–50].
In their works on the lift-off of a conducting drop, Roux et al.
[47,48] observed a decrease in the contact angle of a water drop
placed on the lower plate electrode of a condenser surrounded by
a mineral oil with a high relative permittivity. Their investigations
focused on the development of a theoretical model predicting the
electric ﬁeld threshold. They highlighted the effect of the contact
angle hysteresis that induces an elongation of the droplet under
the electric ﬁeld without any movement along the contact line,
decreasing the contact angle.
Roero [50] studied the shape and contact angle of sessile
water drops on various substrates subjected to an electric ﬁeld
to understand the generation of sound emission from wet highvoltage transmission lines. In his experiments, three substrates
that received different treatments (untreated, hydrophobic, and
hydrophilic) were used and the variation of sessile water drops of
various volumes and their instabilities under an increasing electric
ﬁeld were measured. The contact angle decreased with increasing
electric ﬁeld. Fig. 3 illustrates his observation.
Bateni et al. [17,45,51,52] were interested in the change of the
interfacial tension of a droplet under an external ﬁeld. Based on
experimental results (see Fig. 4), they developed a new methodology, called ADSA-EF (Axisymmetric Drop Shape Analysis – Electric
Field), to study the drop shape and surface tension under an external electric ﬁeld that will be expanded in Section 2.2. An increase
in the surface tension of different conducting liquids with the
increase in the electric ﬁeld was observed, and the analysis of the
regression suggested that this increase is proportional to the square
root of the electric ﬁeld strength. Moreover, they highlighted some
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Table 1
Summary of the effect of an electric ﬁeld on the contact angle  0 of liquid drops
Author

0

Electric ﬁeld inﬂuence
on the contact angle

Reference

Increase

[46]

Decrease
Decrease

[48]
[47]

72
98

Decrease
Decrease

[50]
[50]

15

Decrease
Increase
Increase
Increase
Increase

[50]
[17]
[17]
[17]
[45]

Liquids

Substrate

Maximal electric
ﬁeld 103 V/cm

Di Marco

Ethanol

PTFE

13.3

35

Roux

Water +Tween
NaCl solution

Hydrophobic substrate
CNT

1.4
1.5

160
162

Roreo

Deionized water
Deionized water

Stainless steel
Hydrophobic substrate

15.0
15.0

Deionized water
Distilled water
Formamide
Propylene-carbonate
Alcohols

Hydrophilic substrate
Stainless steel
Stainless steel
Stainless steel
PTFE

25.0
5.6
5.6
5.6
8.0

Bateni

Fig. 3. Water droplet of 80 l deformed by the electric ﬁeld. The substrate was
an aluminium surface sandblasted and subjected to a hydrophobic treatment. The
electrode spacing was 10 mm[50].

inﬂuencing factors, such as the liquid polarity and the size of the
liquid molecules, and the lack of effect of the direction of the electric
ﬁeld. They also suggested that the observed increase in the contact
angles is due to a bulk effect rather than an interfacial effect [45].
Further investigation is required to interpret the existing results,
including the inﬂuence of the liquid and the substrate properties
(conductivity, permittivity, wettability, surface treatment, etc.).
Moreover, the effect of the electric ﬁeld on the contact line has not
been considered. However, the contact line can be pinned to the
surface [17], or less. This may change contact angle evolution when
the bubble is elongated by electric ﬁeld and may explain differences
in experiments.
2.2. Inﬂuence of an electric ﬁeld on drop shape
The effect of an electrostatic ﬁeld on the shape of a drop is a
well-known phenomenon, elongating the drop along the direction
of the ﬁeld, as shown in Fig. 6. In 1882, Lord Rayleigh pioneered an
investigation of the interaction of charges and electric ﬁelds on liquids drops. He theoretically derived the critical amount of charges
required to destabilise an isolated, surface-charged, spherical drop
[53]. His work comprised the beginning of electrohydrodynamics
[54].

Fig. 4. Deformation of water drops under an electric ﬁeld. The substrate was Teﬂon
silicon wafers, and the electrode spacing was 6 mm. The two drops did not have the
same volume [51].

57–75

Over the past three decades, the shape and the stability of
sessile drops under electric ﬁelds has been analysed in many
works. Rosenkilde [55] examined the equilibrium and stability of an
incompressible dielectric drop subjected to a uniform electric ﬁeld.
Assuming the drop to be ellipsoidal, he proposed a relationship
between the equilibrium deformation, the strength of the electric
ﬁeld, the drop dimensions, and the surface tension. The cause of
the instability for high ﬂuid permittivities has also been presented
[55].
Miksis [56] proposed a numerical model to compute the shape
of an axisymmetric drop under a DC electric ﬁeld, producing good
agreement with experiments. His results show a critical value of the
dielectric constant under which the drops elongated and retained
their originally spheroidal shape. Above this critical value, the drop
developed a conical shape.
In their numerical works, Basaran et al. [41,57,58] calculated the
shape and the stability of axisymmetric pendant and sessile drops
or bubbles considering that the contact line is ﬁxed or prescribed.
Their ﬁrst calculations addressed the assumption that conducting
drops are linearly polarisable materials [41,57]. The equilibrium
shape and stability of the drops are determined by simultaneously
solving the Laplace and Young–Laplace equations. A study considering the non-linear polarisation of the drops was performed by
substituting the Maxwell equation by the Laplace equation [58].
Their computations revealed the importance of varying the plate
condenser spacing, which affects the electric ﬁeld strength and the
drop size.
Reznik et al. [59] distinguished three scenarios of droplet shape
evolution under strong electric ﬁelds determined by the values
of the electric bond number and based on the numerical solution
of the Stokes equations. Under a weak electric ﬁeld, the droplets
are subjected to Maxwell stresses and exhibit steady-state shapes.
Under strong electric ﬁelds and for low static contact angles, the
droplets acquire a conical shape and jetting sets in from the droplet
tip. The ﬁnal scenario corresponds to the detachment of an almost
whole droplet (i.e., a dripping phenomenon) that results from
strong electric ﬁeld and a contact angle exceeding a critical value.
The numerical model was in good agreement with the experimental
results for polymer droplets [59].
Bateni et al. [17,45,51,52] based their methodology ADSA-EF on
an assumption of an axisymmetric drop shape. ADSA-EF can be
used to measure the surface tension of a drop under an electric ﬁeld
with and without the gravity effect. From the Young–Laplace equation described by Eq. (2), they consider the electrical pressure Pe
which, depends on the permittivity of the ﬂuids and the strength
and the direction of the electric ﬁeld, as following [51,52]

Pe =

1
(g)2
(l)2
[ε0 En − ε0 εr En + ε0 (εr − 1)Et2 ]
2

(11)
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Fig. 5. Prediction of the drop shape by iterative calculations [51].

where Et and En are respectively the tangential and the normal
components of the electric ﬁeld at the surface of the drop and the
superscripts l and g refer to the drop liquid and the surrounded ﬂuid
seen as air. When the drop is a conducting ﬂuid, there is no electric
ﬁeld inside the drop and the Young–Laplace equation is simpliﬁed
as


1

R1

−

1
R2



= P0 + ()gz +

1
(g)2
ε0 En
2

(12)

From Eq. (12) and the electrostatic ﬁeld module, they numerically
predicted the drop shape with an iterative scheme as shown in
Fig. 5.
Di Marco et al. [46] evaluated the electric force acting on a sessile ethanol drop interface and compared the experimental results
with a theoretical model based on the equilibrium action of a sessile
drop, taking into account the electric ﬁeld and gravity. The experimental setup is composed of a ﬂat aluminium plate equipped with
an oriﬁce for droplet injection. The plate is electrically grounded
and coated with a Teﬂon layer. A washer-shaped stainless-steel
electrode, 4 mm × 15 mm, is laid parallel to the plate at a distance of
6 mm and connected to the positive pole of a high-voltage supply,
which can provide up to 8 kV DC. The resulting electric ﬁeld in the
cavity has an average strength of 13.3 × 103 V/cm.
The shape of the obtained droplets is shown in Fig. 6. The drops
subjected to an electric ﬁeld are elongated in the electric ﬁeld direction due to the alteration of the interface curvature by the local
electric stress, as reported previously. The contact angle and the
curvature at the drop apex increase with increasing electric ﬁeld
strength [46].
The proﬁle of the droplets and their geometric parameters
(contact angle, drop dimensions, and volume) are treated by a dedicated image processing software able to identify and interpolate
the droplet proﬁle. These measurements allow for evaluation of
the resulting forces acting on the droplet due to weight, adhesion,
and internal pressure. In the absence of an electric ﬁeld, the
experimental values of the force acting on the drop agree well
with the theoretical predictions. In Fig. 7, the authors plotted the

Fig. 6. Shape of an ethanol droplet for different electric ﬁeld strengths [46].

Fig. 7. Experimental values (symbols) of the resulting forces for an applied voltage
of 8 kV. The theoretical values are referred to the 0 kV case [46].

experimental values of the resulting forces on a drop subjected to
an electric ﬁeld of 13.3 kV/cm compared with the predictions of
the theoretical model without taking into account the action of the
electric ﬁeld. It can be seen that the intensity of both the adhesion
and internal pressure forces is increased in the presence of electric
ﬁeld. The resulting electric force is calculated as the algebraic
sum of the others changed of sign, and is directed downwards,
especially for drops of large volume, which the ﬁeld seems to press
against the surface [46].
Finally, the proﬁle of the droplets subjected to an electric ﬁeld
of 13.3 kV/cm has been implemented in an FEM calculation, and
the resulting force has been evaluated. This calculation reported a
force of −175 N, compared with the value of −165 N obtained
from the experimental result, representing a 6% error between the
numerical model and experiments. As shown in Fig. 8, the electric
ﬁeld is non-uniform in the cavity due to the shape of the electrode
and the presence of the droplet, and its local strength can be only
evaluated using numerical methods [46].
2.3. Inﬂuence of an electric ﬁeld on the evaporation rate of a drop
The enhancement of the heat and mass transfer induced by the
application of an electric ﬁeld is a phenomenon of interest in a

Fig. 8. Electric ﬁeld distribution (COMSOL calculation) around the droplet (lower
left side). The electrode (white region) is charged at 8 kV [46].

V. Vancauwenberghe et al. / Colloids and Surfaces A: Physicochem. Eng. Aspects 432 (2013) 50–56

wide range of industrial applications (electrospraying, cooling, heat
exchange, drying, etc.). The use of an electric ﬁeld in the drying process is also a promising approach to enhancing the drying rate with
low energy consumption, especially in the food industry area. In
this case, the electrical enhancement of the heat transfer is induced
by the ﬂow of the “corona wind”, which is caused by the gas ionisation near the electrode [16]. The mean factors inﬂuencing this
enhancement are the air ﬂow velocity, the strength of the electric ﬁeld, the temperature, and the nature of the evaporating ﬂuid
[16,60–63].
Although the enhancement of heat transfer by application of an
electric ﬁeld is well known and investigates in the electrohydrodynamic science, this intensiﬁcation concerning the evaporation
of sessile drops stills a subject poorly investigated and unknown.
The enhancement of drop evaporation has been investigated by
Takano et al. [64–67]. In these studies, liquid drops are evaporated
at temperature exceeding the Leidenfrost temperature of the liquids under a voltage applied to the drop varying from 0 V to 2000 V
using electrode conﬁguration described in Fig. 1a. In their ﬁrst
investigation [64], the evaporation of drop of ethanol, water and
cyclohexane was investigated under a applied voltage of 300 V. The
substrate temperature was 300 ◦ C for the evaporation of ethanol
and cyclohexane drop and 400 ◦ C for the water drops. The highest
enhancement rate corresponding to the ratio of evaporation time
under no electric ﬁeld to that under the electric ﬁeld, was obtained
with ethanol (∼20 times), then water (∼3 times) and cyclohexane (∼1.3 times). In their followed study [65], their experiments
was carried out using ethanol and R113 with a maximum voltage respectively of 250 V and 2000 V. The maximum enhancement
ratios was 7.6 for ethanol and 2.8 for R113 at the highest applied
voltage. From these experiments, a quantitative interpretation of
the results has not yet satisfactory been proposed. However, the
authors qualitatively observed that the effect of the electric ﬁeld
may be less remarkable for non-polar liquids as a consequence
of its high charge relaxation time. To conﬁrm the possibility of
active control of evaporation enhancement using liquids with a
long relaxation time, the author studied a horizontal free surface of
non-polar liquids and measured its critical voltages and response
times necessary to render the surface of the liquid unstable [66].
They concluded that, even if the liquid is non-polar, surface instability can occur at a certain critical voltage and at a response time
shorter than the electrical relaxation time. This ﬁnding proves the
effectiveness of the electric ﬁeld in enhancing and controlling the
evaporation heat transfer.

3. Conclusions and perspectives
This review has discussed the effect of an external electric ﬁeld
on sessile drops. The existing studies about the inﬂuence on the
contact angle, shape, and enhancement of the evaporation rate have
been reviewed to plan a future investigation focused on the evaporation of sessile drops under the action of an electric ﬁeld. Indeed,
the enhancement of the evaporation rate by an electric ﬁeld constitutes a promising and economic application involving low energetic
consumption compared to the traditional evaporation process. To
predict the evaporation rate, the inﬂuence of the electric ﬁeld on the
drop contact angle and spreading must be known. However, from
the experimental results found in the literature, the effect on the
contact angle has not been rigorously investigated. Nevertheless,
inﬂuencing factors, such the liquid polarity, have been described.
The spreading of a sessile drop subjected to an electric ﬁeld has not
yet been investigated. Although the enhancement of the evaporation process under the action of an electric ﬁeld is well recognised,
its inﬂuence on the evaporation of sessile drops has been seldom
investigated.
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In future investigations, the effect of the electric ﬁeld on the
shape and contact angle of pure liquid drops and the effect on the
spreading of the drop will be determined. The effects of the experimental parameters, such as the polarity, nature of the substrate,
and drop volume, will be explored; the liquid polarity could be
a limiting factor in applications, the nature of the substrate can
change the wettability of the liquid, and the shape of the drop
resulting from the action of the electric force may be a function
of its volume. The experimental results will be compared with
theoretical and numerical models to predict this inﬂuence on the
evaporation process.
After this preliminary phase, the evaporation phenomenon
under an applied electric ﬁeld will be investigated with the aim
of controlling the evaporation process with good accuracy. The
enhancement ratio will be calculated using a rigorous experimental
protocol and by controlling the experimental parameters. Once the
evaporation enhancement is understood on a fundamental level,
the same experimental series will be performed without the gravity effect. Models to predict the enhancement of the evaporation
rate will also be developed.
Finally, the evaporation of nano-ﬂuids under an electric ﬁeld will
be studied to control (nano)particle deposition. The same research
strategy will be proposed by considering the additional parameters
of the particles, namely, their nature, concentration, and size.
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