Transient heat transfer to a spheroidal liquid
drop suspended in an electric field
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Heat transfer to a spheroidal drop of a dielectric fluid suspended in another dielectric fluid
in the presence of an electric field is investigated in this paper. The effect of drop
deformation on the heat transport is analyzed. A range of prescribed drop deformations
from b/a=0.99 to b/a=0.4 is considered. The electric potential distribution is numerically
obtained for each deformed drop configuration. The resulting flow field is determined by
the solution of the Navier—Stokes equations in the continuous and the dispersed phase.
The transient heat transfer is studied in the limit of bulk of the resistance to the heat
transport being in the droplet. An alternating-direction-implicit (ADI) method is used to
obtain the transient temperature field for drop Peclet number from 5 to 1500. In the
limiting case of negligible drop deformation, we recover the flow field and the electrically
induced interfacial stresses for a liquid sphere calculated by analytical methods. Heat
transfer results for a spherical drop {b/a=0.99) show excellent agreement with results
available in the published literature. Study of drop deformation reveals interesting features
in the flow and heat transport. The location of the maximum surface velocity moves toward
the equatorial plane for a deformed drop compared to that for a liquid sphere. It is found
that the increase in drop deformation results in higher steady state Nusselt numbers for
very large as well as very small equivalent Peclet numbers. However, for intermediate
equivalent drop Peclet numbers, the equivalent steady state Nusseit numbers for a de-

formed drop may be lower than for a sphere. © 1997 by Elsevier Science Inc.
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Introduction

Direct-contact heat/mass transfer from liquid drops in a uniform
electric field has received considerable attention in the context
of enhancement of heat/mass transport. Taylor (1966) studied
flow and deformation of a drop of a leaky dielectric fluid sus-
pended in another fluid. He showed that the interfacial stresses
caused by the presence of the electric field produce a circulatory
motion inside the drop. Oliver et al. (1985) analyzed the heat
transfer to a spherical liquid drop suspended in an electric field.
They showed that, for large Peclet numbers, the Nusselt number
for purely electrically driven flow becomes increasingly indepen-
dent of the Peclet number. The maximum steady-state Nusselt
number in the limit of large Peclet number was shown to be
around 30. This value is significantly higher than 17.9, the Nus-
selt number for a drop translating in gravitational field in the
absence of an electric field (Clift et al. 1978). The exact value of
the maximum Nusselt number for a suspended drop in a uniform
electric field is shown to be 29.8 by Oliver and DeWitt (1993).
Advances made in the analysis of heat/mass transport from
liquid drops in the presence of an electric field are available in a
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recent detailed review by Ayyaswamy (1995) and are not dis-
cussed here for brevity.

Heretofore, the studies of heat/mass transport from a liquid
drop in a uniform electric field have considered the drop shape
to be spherical. For a moving drop, in the absence of electric
field, the assumption of sphericity is appropriate if the Weber
number and the E6tvos numbers are small (Sadhal and Johnson
1986; Jog et al. 1996). However, for a drop suspended in a
uniform electric field, drop deformations are possible even for
small E6tvos numbers. This is because of the presence of
nonuniform normal stresses induced by the electric field. Only
for certain specific combination of the electrothermophysical
properties of the dispersed and the continuous phase the drop
may remain spherical (Taylor 1966). Under these conditions, the
viscous stresses normal to the drop surface attributable to the
induced circulatory flow exactly cancel the effect of the normal
stress variation caused by the electric field. In general, the
nonuniformity in the normal stress at the drop surface leads to
deformation of the drop. As a drop deforms, the electric field at
the drop surface changes, and the electrically induced surface
stresses are altered (Feng and Scott 1996). This results in a
change in the flow field in the dispersed and the continuous
phase. Consequently, deformation of a drop can significantly
impact the heat transport characteristics. A computational model
to calculate drop deformations under the influence of electric
field has been recently reported by Feng and Scott (1996). They
found that the field strength usually exhibits a turning point
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when it reaches a critical value. Physically, those turning points
indicate the stability limits of drops stressed by an electric field.
No steady solution can be obtained if the externally applied
electric field is increased beyond the critical field strength. How-
ever, in some special cases with fluid conductivities closely
matched, they found that the drop deformations can grow indefi-
nitely as the electric field strength increases. Therefore, with
closely matched fluid electrical conductivities very large drop
deformations are possible without becoming unstable. Feng and
Scott also found that the deformed drop shapes are very nearly
spheroidal for moderate drop deformations. In this paper, we
analyze the effect of drop deformation on the heat transport to a
drop suspended in uniform electric field. We assume the drop
shape to be spheroid. A range of deformations from nearly
spherical (b/a =0.99) to disc-like (b/a =0.4) are considered,
where 24 is the length of the drop major axis and 2b is the drop
minor axis. The assumption of a spheroid drop shape reduces the
computational efforts considerably with little loss of accuracy.
The electric field and the resulting flow field are numerically
calculated in the continuous and the dispersed phase. The tran-
sient temperature variation and the Nusselt number variations
are numerically obtained in the limit of bulk of the resistance to
the heat transport being in the drop. Results indicate that the
increase in drop deformation leads to higher heat transport to
the drop in the limit of very large and very small Peclet numbers.
However, for moderate equivalent Peclet numbers, the equiva-
lent Nusselt numbers for a deformed drop are smaller than those
for a liquid sphere.

Problem formulation

Consider a drop of a dielectric liquid suspended in another
dielectric liquid. Application of a uniform electric field to such a
system results in development of stresses on the surface of the
drop. The nonuniform shear stress at the droplet surface results

in a circulatory motion inside the drop. In general, the nonuni-
formity in the normal stress at the drop surface leads to deforma-
tion of the drop. Taylor (1966) showed analytically that for small
deformations, the deformed drop shape is a spheroid. Numerous
experimental studies (Allan and Mason 1962; Taylor 1966; Torza
et al. 1971; Vizika and Saville 1992) have shown that the drop
shape is very nearly spheroid, even for moderate deformations.
We have considered the deformed drop shape as a spheroid. This
simplification allows us to use an orthogonal coordinate system
that conforms to the drop surface, thereby reducing the compu-
tational efforts with little loss of accuracy.

We note that both prolate and oblate drop deformations are
possible and can be determined by Taylor’s discriminating func-
tion:

2M+3
SM+5

®=S(R*+1)-2+3(SR-1) 4y

® < 0 indicates oblate deformations, whereas, ® > 0 results in
prolate deformations. ® = 0 corresponds to a spherical drop. For
most practical situations, it has been shown that prolate defor-
mations will result when the drop is more conductive than the
surrounding fluid, and oblate deformations are likely when the
drop is less conductive than the surrounding fluid (Feng and
Scott 1996). In situations involving heat/mass transport en-
hanced by application of electric field, it is found that significant
enhancement is possible by keeping the ratio of the resistivity of
the continuous phase to the resistivity of the drop phase as low
as possible (Chang and Berg 1983). Therefore, oblate deforma-
tions of the drop are more likely in heat/mass transfer enhance-
ment situations. It is also shown by Stewart and Morrison (1979)
that inertial forces tend to produce oblate deformations for a
moving drop. In view of the above considerations, we have
considered oblate drop deformations in this paper. However, the
model formulated here can also be applied to a prolate drop.

Notation Greek
a half of drop major diameter o thermal diffusivity
A drop surface area v surface tension
b half of drop minor diameter n viscosity
E electric field p density
i unit vector o electric conductivity
k dielectric constant T stress
M viscosity ratio (p,/p,) . . 7 stream function
Nu Nussel_t number based on drop major diameter, & Taylor’s discriminating function, Equation 1
Equation 18 (&, m, &) oblate spheroidal coordinates
p pressure
Pe Peclet number based on drop major diameter
Nu equivalent Nusselt number defined in Equation 21  Subscripts
Pe equivalent Peclet number defined in Equation 20 Sy
0 initial
Q heat flux 1 ti h
R electric conductivity ratio (o, /o) 2 zzjc')n mu(:iuslply ase
Re Reynolds number 1spersed phase
I . b bulk
(r,z,0)  cylindrical polar coordinates E lectrically induced
S ratio of dielectric constants (k, /k,) clectrically Induce
. ] surface
t time - far field
T temperature ar e
u velocity
U maximum surface velocity S int
A% electric potential uperscrip
v volume * dimensional quantities
w vorticity
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Calculation of the electric field and the resulting flow
field

We consider a drop of leaky dielectric fluid suspended in another
dielectric fluid. The dispersed phase is denoted by subscript 2,
and the continuous phase is denoted by subscript 1. The formula-
tion is axisymmetric. The electric field is uniform far from the
drop. The electric field in both the phases can be calculated by
the Laplace’s equation, and the flow is described by the
Navier—Stokes equations.

V-uf=0 (@)

1 ,
uf Vuf = — —TVP?‘ + vV 3)
VE=0 @

where E¥* = —VV* and i =1,2.
At the interface the following conditions are satisfied (Melcher
and Taylor 1969)
nuf=0
uf =u}
n-(1fp +1f —73) =1}
Vit =v3
on-VV¥=g,n- VIV (&)

7

, ",///7 A
)

Figure 1 Oblate spheroidal coordinate system
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Here 15 is the electrically induced stress at the drop surface, T,
is the stress due to surface tension, and n is unit vector normal to
the drop surface.
The symmetry condition is used along the axis of symmetry
and far away from the drop we have
u* -0, p* - p¥, and V* > E*2 6)
We use the oblate spheroid coordinates (£,m, &) for computa-
tional convenience. The origin of the coordinate system is at the
drop center, as shown in Figure 1. The drop surface corresponds
to £=¢&,. The oblate spheroid coordinates are related to the
cylindrical polar coordinates (r,z,0) as (Happel and Brenner
1965)

z=csinh £ cosm
r=ccosh §sinm
0=0 ¢))

The governing equations are made dimensionless as follows.
Velocity is made dimensionless by the maximum surface velocity
U, and distances are nondimensionalized by a. The stresses and
pressure are normalized by wU/a, and the Reynolds number is
Re =pU2a/u. The electric field is made dimensionless by
[n,U/(ega)]V2. We introduce stream function ¢ (nondimen-
sionalized by Ua?) so that

cosh? g, 3y
Uy = — 73 — ®)
(cosh? £ — sin?m) " cosh Esinm M
cosh? ¢, s
Uy = 172 — ®
(cosh? & — sin? )’ “cosh £ sinq 96
and vorticity w (nondimensionalized by U/a) as
w=Vxu ’ (10)

In this axisymmetric formulation, only the ¢ component of
vorticity is nonzero. Therefore, we have w =wi . The governing
equations can now be written as

3 N e ) N Y
pre — oS §a5;w)+ﬂ(cos §,,a—§w
2 (@ HEsi ow ] b Esi ow
" Re a—g cOs| §smn—a€)+ﬂ(cos §sm-q—é;)
9 I’}
=w[—tanh g—‘bcosh £+ cotn—lbcosh £,
an i1
2 sinm cosh &
_E(_ cosh & * sinm )] (n

9 1 N ) 1 ol
d¢ \ cosh £sinm a_g +Eq(coshgsin'q E)

= (cosh? £ — sin® m)sech? £ ,w (12)

——a cosh & si _8 +_6 cosh £ si _6 =0 (13)
TS S| &sm'qag P S| gsmnan
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The boundary conditions are: as & — o, Ug, uy=0and w=0.
The interface conditions at § = §, are:

1
TE,en t oy e T T2 = 0

Uy = Uz

Uy g=Uy, =0

v, o, 8V,
% o, ot
V,=V, (14)

The shear stress can be written as

1 ou, sin ncos 1
Ten = — 172\ | 32 T Teosh?E — s
(cosh? £ —sin® 1) 13 (cosh’ £ —sin®n)

N A sinh & cosh §
[ am  (cosh?£& —sin®n) “

TE,en = (k1E1,1|E1,g - szz,nEz,g)

As a consequence of the assumed oblate spheroid shape of
the drop, the interfacial condition of normal stress balance need
not be considered further.

Transient heat transfer

We investigate the transient heat transport in the drop interior
when the drop is suddenly exposed to a step change in surface
temperature. We consider that the bulk of the resistance to the
heat transfer is in the droplet. Therefore, the drop surface
temperature corresponds to the free-stream temperature. The
flow field is considered fully developed and steady. The tempera-
ture in the drop interior can be calculated by the solution of
energy conservation equation.

oT}

at*

+u* VTY =a,V2TF (15)

We define the dimensionless temperature as T =(TF —
T})/(T},—T}) and dimensionless time as ¢=a,t*/a’. The
Peclet number is given by Pe = 2Ua /«,. The governing equation
and the boundary conditions in terms of the dimensionless vari-
ables can be written as follows.

(cosh? £ — sin® m)cosh £ sinq 8T
cosh® ¢, at

Pe[ o 1 a [ oy
*T[E(‘W)m(f)]

a Y ] T
—sech €, a—g(coshgsmna—g)+a(cosh§smnﬂ) =0

(16)
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Boundary conditions and initial conditions are:

— =0 at n=0,m

At the interface

£€=¢, T=0

At

t=0, T=1 an
The Nusselt number based on the drop major diameter is

Q2a

Nu=—— 1

YT AT Tk 18
20V 1 dT, 1
Aa T, dt

Here, Q is the net rate of heat transport to the drop, V is the
volume of the drop V' = $ma’b, and A, is the drop surface area

A= /wz’" cosh £, sin n(cosh? £, — sin? )"/ dn
0

The dimensionless bulk temperature can be calculated as

3 1

To=— -
>" 2 sinh £, cosh?,

x [ L / "T cosh £ sin m(cosh? £ — sin? n) dn dé
0 70

Numerical methodology

Equations 11-13 and Equation 16 are solved with the appropri-
ate boundary conditions (Equations 14 and 17) using a finite-dif-
ference method. All the equations are discretized using central
differencing. In the drop interior, 61 X 61 node points were used
and 101 X 61 node points were used in the surrounding fluid.
The electric field is first calculated for each drop deformation.
Electric potential is specified in the far field (£ = £,). The value
of &, is chosen so that the distance between any point on the
far-field boundary and the drop surface is at least 100a. To study
the effect of finiteness of the far-field boundary, solution for
electric potential was obtained for a deformed drop with b/a =
0.7 by considering the far-field boundary at 2004. The change in
the surface potential and surface potential gradients were less
then 1%. The electric potential in the dispersed and the continu-
ous phase was obtained by the following iterative procedure. A
guess value of the electric potential at the drop surface is
specified to calculate the electric field in the continuous phase.
The electric potential gradient along the drop surface obtained
from the solution to the continuous phase is used as a boundary
condition to solve for the electric potential distribution inside the
drop. The improved surface potential variation is then used as a
boundary condition for the solution in the continuous phase. The
iterations are continued until the variation in the electric poten-
tial between successive iterations is less than 10~°. The govern-
ing equations for the stream function and vorticity transport
were solved in both phases by an iterative procedure. Note that
the maximum value of the tangential velocity at the drop surface
must be unity by virtue of the nondimensionalization scheme.
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The solution to the flow field provides the nondimensional
velocity distribution on the drop surface. The electric field distri-
bution is then updated so that the maximum dimensionless
velocity on the drop surface equals unity. Most of the numerical
calculations were performed with R = 0.1, and S = 2. Note that
for a known drop shape, the particular choice of the R and §
values affect the magnitude, but do not affect the angular varia-
tion, of the electrically induced stresses, provided R and § are
not unity. (R=S5=1 gives a trivial solution of zero interfacial
stresses.) For example, for a liquid sphere (b/a =
1), T 0¢/TE, me,max = 25D M COs M, irrespective of the particular
values of R and S (Taylor 1966). Therefore, a change in R and §
will change the value of the electric field that corresponds to a
nondimensional maximum surface velocity of unity, but will not
affect the dimensionless flow field. Therefore, applicability of the
results obtained in this study is not limited to the particular
values of the parameters R and § used in our computations.

Transient temperature distributions inside the droplet were
obtained for Peclet numbers from 5 to 1500. Alternating direc-
tion implicit method with a tridiagonal algorithm was employed
to solve the energy equation. The time-step was varied from
0.00001 for short times to 0.0001 at large ¢. For a typical run, the
solution of electric field and the resulting flow field took less
than 1 hour on a HP 9000/712 /80 workstation. The solution to
the energy equation required from 10 minutes (high Pe) to 30
minutes (low Pe). To study the effect of grid refinement, results
for Pe =200 and b/a = (1.7 were also obtained with doubling the
node points in each direction. The change in the Nusselt number
variation was found to be less than 2%.

Results and discussion

We have studied the effect of drop deformation on the heat
transport in a drop suspended in a uniform electric field. A range
of drop deformations is considered from b/a =0.99 (approxi-
mate sphere) to b/a = 0.4 (disk-like). The transient heat trans-
port is studied in the limit of bulk of the resistance to heat
transfer being in the drop. Under this condition, the transport is
governed by the drop Feclet number based on.the maximum
tangential velocity. A range of Peclet numbers from 5 to 1500 is
considered. The numerical computations are carried out for a
suspended drop (p,/p,=1). We have used p,/p, =1 in our
computations. For one of the cases (Pe = 200 and b/a =0.7), the
calculations were also carried out by varying the viscosity ratio to
0.1 and 5. The heat transfer results remained essentially un-
-changed. In all of the earlier studies on heat transfer in a
spherical drop suspended in uniform electric field, the assump-
tion of Stokes flow (Re <« 1) has been used. To make fruitful
comparisons with the available results, we have used a value of
drop Reynolds number as 0.1 in our computations.

The flow field inside and outside the drop is shown in Figures
2 and 3 for b/a =099 and 0.7, respectively. As expected, the
streamline distribution is symmetric about the equatorial plane.
The negative values of the stream function in the upper half of
the drop interior indicate that the flow in the lower half moves in
a direction opposite to that of the upper half. The flow on the
drop surface is from the poles to the equator. With increasing
drop deformation, the center of each circulatory vortex pattern
moves toward the equatorial plane. The radial distance of the
vortex center from the drop surface is substantially less for a
drop with b/a = 0.7, as compared to that for a liquid sphere. The
electrically induced dimensionless surface velocities are shown in
Figure 4 for three drop deformations. For a liquid sphere b/a =
0.99, the maximum velocity (magnitude) occurs at m=mw/4,
3m/4. As the drop deformation is increased, the location of
maximum velocity shifts toward the equator. The dotted line
shows the analytical results of Taylor (1966) for the surface
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0.0 0.5 1.0 15 20
Figure 2 Streamlines in the drop interior for a spherical
drop (6/a=0.99), R=0.1; $=2, E=124.

velocity variation for a liquid sphere. It can be seen that our

results for a sphere are in excellent agreement with the analytical
solution.

The transient Nusselt number variation are shown in Figure 5
for a range of Peclet numbers for a “sphere.” The corresponding
variations of drop bulk temperature are shown in Figure 6.
Figure 5 is also a comparison of our results with those of Oliver
et al. (1985) for a liquid sphere. The comparison shows that the

1.5

1.0

0.5

0.0

15 PR O VAP PR W W PSS R T BT
0.0 - 05 1.0 15 20

Figure 3 Streamlines in the drop interior for a deformed
drop with b/a=0.7; R-=0.1; S=2, E=21.98
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10

- b/a=99
........... analytical solution (b/a = 1)
a=7

0.5

Un
X

0.0

05

-1.0 -~

Figure 4 Nondimensional velocity variation on the drop
surface; legend: solid lines—calculated results for a sphere;
dotted line—analytical solution for a liquid sphere; dashed
lines—results for deformed drops

. Oliver et al. at Pe=5
. Oliver et al. at Pe=50
4 Oliver et al. at Pe=200

0.05 o.10 0.15

Figure 5 Nusselt number variation for a sphere (6/a=0.99):
comparison with results of Oliver et al. (1985).

Figure 6 Dimensionless bulk temperature variation with
time for a liquid sphere
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Figure 7 Variation of Nusselt number (based on drop major

diameter) for a deformed drop with 6/a=0.7

transient Nusselt number variations calculated from our model
match well with the results of Oliver et al. In the limit of
negligible drop deformation, our results for the surface veloci-
ties, the flow field, and the heat transport are in excellent
agreement with those for a sphere. This can be considered to be
a validation of our computational model. Figure 7 shows the
transient Nusselt number variation for a deformed drop b/a =
0.7. For all Peclet numbers, for short times, conduction is the
dominant heat transport mechanism, as can be seen from the
sharp initial drop in the Nusselt number. This is caused by the
steep temperature gradients near the drop surface. For low
Peclet numbers, conduction remains to be the dominant mecha-
nism at all times. For higher Peclet number, the Nusselt number
decreases for short times, but starts increasing thereafter as the
cold fluid from the drop interior is brought near the drop surface
because of the circulatory motion. The Nusselt number oscilla-
tions are more pronounced for high Peclet numbers. The Nusselt
number variation eventually attains a steady state. The steady-
state Nusselt number value increases as the Peclet number is
increased. The steady-state Nusselt number values become in-
creasingly independent of the Peclet number for very large
Peclet numbers. The bulk temperature variation with dimension-

0.05 0.10 0.15 0.20
t

Figure 8 Temporal variation of dimensionless bulk temper-
ature for a deformed drop with 6/a=0.7
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less time is shown in Figure 8 for b/a = 0.7. The dimensionless
bulk temperature decreases rapidly for short times. The bulk
temperature variations are qualitatively similar to those for a
liquid sphere. The Nusselt number variation for a drop with
b/a = 0.4 is shown in Figure 9. The corresponding bulk tempera-
ture variation is shown in Figure 10. The transient bulk tempera-
ture variations show that for higher Peclet numbers, the drop
bulk temperature drops more rapidly than that for lower Peclet
numbers for all drop deformations. The qualitative behavior of
the Nusselt number variation is similar to that obtained for a
liquid sphere (Chung and Oliver 1990). However, for large Peclet
numbers, the steady-state Nusselt number values are significantly
higher for a deformed drop than those for a sphere.

We note that the Peclet number is based on the drop major
diameter and the maximum surface velocity. Therefore, for a
deformed drop, the Peclet number will be (a/b)'/? times that for
a sphere of identical volume and identical maximum surface
velocity. A better comparison of the steady-state Nusselt num-
bers can be carried out by defining an equivalent Peclet number
and an equivalent Nusselt number for a deformed drop as

- U2r by\!/3
c = =Pe(;) (20)
ay
—_ b3
Nll=Nu(;) 1

where r is the radius of a sphere of equal volume as the
deformed drop, r = a*/3p'/3,

Figure 11 shows the variations of equivalent steady-state
Nusselt numbers with equivalent Peclet numbers. In the limit of
small equivalent Peclet number, the equivalent Nusselt numbers
are higher for a def‘(_{rme(l drop than those for a liquid sphere. In
this range of small Pe, conduction is the dominant mechanism of
heat transport in the drop. Conduction of heat in a deformed
drop is much faster than that in a sphere because of the smaller
length scale and greater surface area for a deformed drop. In the
limit of small b/a, heat conduction length scale for a deformed
drop is b. This is much smaller than a radius of a sphere of
identical volume r = a%/*b!/3, Therefore, for small Peclet num-
bers, the Nusselt numbers for a deformed drop is higher than
those for a spherical drop.

——————

=
z 200
/——_
100
N 50
[ Pe=5
0 ! PR W WS W [ SR TR N VN N T AU VU SR N SR TR GHNY V N YR S SR S |
0.00 0.02 0.04 0.08 0.08 0.10

t
Figure 9 Variation of Nusselt number {based on drop major
diameter) for a deformed drop with b/a=0.4

Int. J. Heat and Fluid Flow, Vol. 18, No. 4, August 1997

Transient heat transfer to a liquid drop: M. A. Jog and M. A. Hader

I

0.15

Figure 10 Temporal variation of dimensionless bulk tem-
perature for a deformed drop with b/a=0.4

It is evident from the flow streamlines shown in Figures 2 and
3 that the center of the vortex for a deformed drop is situated
near the equator and closer to the drop surface than that for a
sphere. At moderate Peclet number, the circulatory vortex in a
deformed drop is, therefore, less effective in bringing the cold
fluid from drop interior to near the drop surface. Hence, at
moderate Peclet numbers, it is observed that the Nusselt num-
bers for a deformed drop are lower than those for a sphere.

At very large Peclet numbers, convection is the most domi-
nant transport mechanism and the temperature gradients along
each stream line diminish quickly. Therefore, after the initial
transients, the heat transport is mainly in the direction perpen-
dicular to the streamlines. For a given Peclet number, the resis-
tance to the heat transport perpendicular to the stream lines will
be inversely proportional to the distance between the drop sur-
face and the center of the vortex. This distance is much smaller
in the case of deformed drop than that for sphere. This results
in higher Nusselt numbers for deformed drops at high Peclet
numbers.

b/a=0.4

Equivalent Nu

10' 10? 10°

Equivalent Pe
Figure 11 Variation of equivalent Nusselt number (Nu) with
equivalent Peclet number (Pe) for deformed drops
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Conclusions

We have studied the transient heat transport in a deformed drop
suspended in a uniform electric field by numerical methods. The
governing equation for the electric potential is solved to obtain
the electrically induced stresses at the drop surface. The result-
ing flow field is determined by solving a stream function—vortic-
ity formulation in the dispersed and the continuous phase. The
results for the transient temperature distribution and the Nusselt
number are obtained in the limit of bulk of the resistance to the
heat transport being in the drop. Results show that the location
of maximum surface velocity moves toward the equatorial plane
with increasing drop deformation. For all drop deformations, the
steady-state Nusselt numbers become increasingly independent
of Peclet number for large Peclet number. The steady-state
Nusselt numbers for a deformed drop are higher than that for
sphere for very low and very high Peclet numbers. However, for
intermediate range of Peclet numbers, the steady-state Nusselt
number for a deformed drop may be lower than that for a liquid
sphere. The maximum steady-state Nusselt number increases as
the drop deformation is increased.
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