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Abstract

This investigation is a study of the length of time where drops can exist at an oil-water interface before coalescence
takes place with a bulk of the same phase as the drops. Many Jactors affecting the time of coalescence were studied in
this investigation which included: dispersed phase flow rate, continuous phase height, hole size in distributor, density
difference between phases, and viscosity ratio of oil/water systems, employing three liquid/liquid systems;
“erosene/water, gasoil/water, and hexane/water. Higher value of coalescence time was 8.26s at 0.7mi/s flow rate, 30cm
seight and 7mm diameter of hole for gas oil/water system, and lower value was 0.5s at 0.3ml/s Mow rate, 10cm height
and 3mm diameter of hole for hexane/water system, It is observed that time of coalescence increased with increase in
‘e dispersed phase flow rate, continuous phase height, hole size in distributor, and viscosity ratio of oil/water system,
The results have been analyzed by dimensional and statistical analysis, and a correlation was developed relating

coalescence time with the operating factors and the physical properties of the three oil/water systems.

Keywords: liquid-liquid system, drop coalescence.

Introduction

Coalescence is associated with the decrease in free
energy of the liquid-liquid interface and is aided by the
suppression of turbulence, which helps the droplets to
aggregate to form a heterogeneous dense packed zone at
the main interface between the bulk phases. The rate of
migration of droplets to the coalescing main interface
depends on the type of dispersion and the properties and
nterfacial characteristics of the system.. The actual
coalescence mechanisms are complex, involving the
factors that govern the thinning of the continuous phase
flm between the two coalescing interfaces; depending on
conditions, coalescence may occur either at the plane
mterface or at the drop/drop interface. Coalescence at the
plane interface occurs at the exit end of a contactor after
mass transfer is over, whereas drop-drop coalescence
arises both within the droplet band awaiting coalescence
and within the contactor [1]. The system of forces acting
o1 a drop during the coalescence process was generally
=xtremely complicated. These forces may be divided into
three categories [2]:

1. Driving forces: those pushing the droplets towards the
other interface.

2.Repelling forces: those in the opposite direction,
repelling the interfaces from each other.

3. Resisting forces: those hindering the flow of the film of
continuous phase, generally the hydrodynamic
viscosity.

Numerous studies of the coalescence of drops at plane
interfaces had been made for two-component systems.
These studies with flat interfaces had helped in the
understanding of coalescence without the complexities of
drop-drop and multidrop interactions, Investigators had
found that the time interval between the arrival of a
droplet at an interface and final coalescence is not
constant but exhibits a distribution of time although the
distribution is approximately Gaussian [3]. Furthermore,
all workers accept that the coalescence processes takes
place through five consecutive stages [4]:

I. The approach of the drop to the interface, resulting in
deformation of both the drop and the interface. '
2. Damped oscillation of the drop at the interface.
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3. The formation of a film of the continuous phase
between the drop and its bulk phase.

4.Drainage of the film, its rupture and removal with,

initiation of the coalescence process proper.
5. Transference of the contents of the drop (partially or
wholly) into its bulk phase.

' The mean coalescence time tm, which is also termed the
rest time, comprises the mean of several observations of
the total time taken for stages 1 t0 5. The time taken for
stage 1 is termed the predrainage time and that for stage 2
and 3, the drainage time. The coalescence time denotes
the sum of pre drainage and drainage times. The time
taken for film removal (after its rupture) and deposition
of drop contents had been found to be almost negligible
(of the order 0f 0.06-0.08s). _

Brown and Hanson [5] had shown that single-drop
coalescence occurs in one or more steps. If the simplest
possible case of a single aqueous drop coalescing at a
plane oil-aqueous interface is considered, it is found that
instantaneous single-staged coalescence rarely occurs.
When it first reaches the interface, the drop is prevented
from coalescing with the underlying aqueous phase by a
thin film of oil trapped between its flattened undersurface
and the interface. This film drains radially outwards
under the gravitational force exerted by the drop until it is
approximately 1 in thickness, when it ruptures, with the
subsequent drainage of the drop into its home-phase.

Charles and Mason [6], using high-speed photography,
were able to show that during the drainage process the
drop forms into a vertical column of liquid, the height of
which remains virtually constant while the radius
decreases. When the circumference of the liquid cylinder
becomes equal to its height, it behaves as an unstable jet
in which a Rayleigh type disturbance is concentrated at
the base of liquid column can grow, when its amplitude
becomes equal to the radius of column, a break occurs,
the remaining undrained liquid forming a new droplet
(the secondary droplet). This process may be repeated
several times. The phenomenon was called Step-wise
coalescence.

The coalescence of a liquid drop ata plane interface is
controlled mainly by the following factors, which affect
the draining and rupture of the continuous phase [7]; It
has been postulated that the mean coalescence time has a
proportional dependence on the drop size of the form (&
@ dn) and found n is 3 [6]. Lawson [8] had reported from
his results that the power on d was 1.5, and an increase in
droplet size increased the drainage force due to the
weight of the drop, but the volume of continuous phase in
the film also increased . Hanson and Kaye [9] had found
that the settling distance of the drop to the interface
affected the coalescence time. Jeffreys and Hawksley
[10] had shown that coalescence time and the stability of
the drop increased with increase in the distance of fall.
Generally, it had been accepted that the coalescence time
t was proportional to L" where L was the distance of fall

and the exponent n increased with drop size, but was
independent on temperature. Jefferys et al. [11] reported
the distance of fall of the drop could either increase or
decrease the stability of the drop, depending on the
thermal or mechanical disturbances produced. The large
differences in density result in severe deformation of the
drop. However, Lawson [8] confirmed that the
coalescence time increased with increase in the density
difference between the phases. Lang and Wilke [12] were
one of many workers included this factor in models and
correlations.

Jeffreys and Hawksley [10] correlated coalescence time
with physical properties of the system by considering the
factors which affect coalescence time in dimensional
analysis, estimating the significance of the parameters
and exponents by factorial experimentation. The resulting
correlation was:
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where t; is the half-life rest time which is the time
taken for half the drops in the sample studied to coalesce,
generally ty; has been found to be more reproducible than
t. Jeffreys et al. (11) simplified the analysis by restricting
their investigation, by stating that temperature affected
the physical properties only so that temperature, as such,
need not be considered as 2 variable. The resulting
correlation became:
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This correlation has been modified by Smith and Davies
[13] for use when neighboring drops influence the drainage
rate of continuous phase film (as in the case of a dense drop
buildup beneath the main interface of a spray column):

d 2A -1.24 1,03
e R LU [m} ©)
d,H. ¥ M.

Several techniques have been used for measuring and
observing the shape, drop size, and interfacial area.
Kintner et al. [14] presented high-speed motion picture
techniques to permit observation of the nature and
progress of such fast phenomena as drop formation,
coalescence or breakup. For liquid drops moving in a
liquid medium, which are more difficult to photograph
due to the much -smaller differences in densities and
refractive indices, the simplest solution was to dye the
drop to produce high contrast and a tan and light brown
reflecting background.

Aziz [15] measured photographically drop shape and
size using a Zenit camera with an extension tube. A
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shutter speed of 1/500 sec and aperture setting of f/5.6
was used the column wall distortion due to curvature was
avoided by using a Perspex box filled with water which
surrounded the column. Klinger [16] used the same
technique to measure the drop sizes and investigate the
phenomenon of drop coalescence and breakage in pulsed
packed extraction column.

Recently, The Particle Image Velocimetry (PIV)
method was employed to determine vertically planar
velocity fields of drops surrounded by liquid ambient that
underwent coalescence. In addition, high-speed video
camera was able to track the extremely rapid thin film
retraction  following rupture and the interfacial
deformation during drop fluid collapse into the
underlying liquid (17). Kassim and Longmire (18) also
used the Particle Image Velocimetry (PIV) method to
determine instantaneous velocity and vorticity fields in
vertical planes of flow and to identify interesting regions
and events throughout the impact.

Experimental Work
Equipment Description

In this study, the following facilities were used (the
general view of the equipment is shown in Fig. I.
Coalescence column is graduated QVF column of 8cm
inner diameter and 40cm height was used to show the
coalescence of droplets at oil-water interface. Distributor
was of 9.8cm diameter placed at the bottom end of the
column, The dispersed phase distributor at the bottom of
the column was constructed of Perspex so that it was not
wetted by the aqueous phase. There were five different
distributor plates, each one contained three holes of 3, 5,
7, 9 and llmm in diameter for each distributor,
respectively. They were perforated as the triangular pitch
and 2.5cm the distance between adjacent holes ' shown
in Fig. 2. Dosing pump used to draw the oil fluid from oil
vessel and pass through the distributor at the end of the
column to create a different flow rate.

Fig. 1 Photographic view of the equipment

Fig. 2 Photograph of the coalescence column

Photographing equipment

Photography was used to measure time of coalescence
while showing drop coalescence at oil-water interface. The
camera used was a Surfcam, with USB digital video camera.
The lighting was provided by a 100 watt, frosted bulb,
reflector type, and flameproof mercury discharge lamp. White
reflective plate was put on the side of the column opposite to
the camera in order to reflect the light from the lamp, which
was, positioned normal to the camera. Thus, lamp light
passing through the meniscus near the column wall would be
refracted leaving a dark section. To avoid this problem, the
light was inclined downward through the liquid-liquid
interface. An image viewed at a high incidence angle with the
interface would be slightly distorted. This distortion is
enhanced during interfacial oscillations that occur during and
after impact. To eliminate this problem, the camera was
inclined downward slightly to view through the interface from
up. The inclination angle was approximately 20°. Since the
camera was positioned at an angle, the vertical and horizontal
directions were calibrated independently. From the calibration
measurements, the actual camera angle was obtained from the
following equation:

6 = [ M,
= CO0s MX (4)

Where M, and M, were the x-direction and y-direction
calibrations in units of pixels/cm, respectively, with an
associated uncertainty of 1°. The actual angles were measured
directly from a calibration image “”, The development of the
captured image was carried out using computer aided image
analysis program of Windows Movie Maker of Microsoft
Corporation.

Experimental procedure . .

At the start of each experiment, the coalescence equipment
was cleaned. The glass parts of column were initially
degreased with solution of aqueous washed powder, then
rinsed with water. The internal sections were cleaned by
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Table 1 Physical properties of the system

Material Tem%fgfwe (Dkzn;:_ )
Kerosene/Water 339{'}5 ;;;22
Gas oil/Water gg g;ggz
Hexane/ Water gg 9355‘356

Viscosi Interfacial Tension
(Ns m‘gj (N m?) A sy
1623145:11(?.3 39.45x10° o w
3
26 13245:1]5'3 43.24%10° > -
& ey )

scrubbing with solution and finally with water. Three sets of
experiments were performed using oil (kerosene, gas oil and
hexane) as a dispersed phase and water as continuous phase;
the physical properties of the liquid-liquid systems employed
are summarized in Table 1. '

The coalescence column was filled first with distilled water
to certain height from the 5-liter QVF glass vessel. Then, the
dosing pump was started at certain flow rate and oil from the 5
liter QVF glass vessel was pushed to distributor  which
included certain nozzle size at bottom of column fo create and
release the drop to the oil-water interface. The schematic
diagram of the whole equipment is shown in Fig. 3.

Vessel of
continuous
phase (water)

Oil-water

interfgce
Camera \
4

Camgulsr
Vessel of
dispersed
Dispersed phase phase (oil)
distribu
3-way
Valve
Valve
Dosing
pump

Fig. 3 Schematic diagram of the equipment

About five minutes were given for the equipment to
achieve a steady state condition. The camera was
synchronized with the lighting to capture the drop coalescence
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in the illuminated region. The captured images were saved in
computer and analyzed to calculate the time of coalescence
drop through oil-water interface. The experimental data were
obtained in all sets by changing one variable (the height of
continuous phase and flow rates of dispersed phase were
among the variables changed) while keeping the other
constant. Five flow rates were obtained for each height of
continuous phase (water height). Hence, distilled water was
poured to column to vary the height. At the end value of the
height of continuous phase, distributor with other nozzle size
was replaced. These steps were carried out at the next set of
system and so on, finally all inlet and outlet valves were
closed at the same time, and the dosing pump and the camera
were switched off.

Results and Discussion
Effect of the dispersed phase flow rate

The experimental results show that increasing flow rate of
dispersed phase lead to high increase in the velocity at the
nozzles outlet, the dispersed phase liquid issues as a jet and
the stream breaks into a large number of small liquid droplets
at a short distance from the nozzles. Thus, the increase in flow
rate always caused to reduce the drop size whereas the bulk of
drops colliding and coalescing with other neighboring drops
because of the turbulence in continuous phase. It can be seen
clearly that the coalescence time increases with the increase in
flow rate of dispersed phase, as it is clarified in Fig. 4-6.

—

TIME OF COALESCENCE(S)

Tz 035 045 055 0gs 075

FLOWRATE(mYs)
Fig. 4 Time of coalescence vs. flow rate at hole diameter
of 3mm for Kerosene/Water System
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Fiz. 5 Time of coalescence vs. flow rate at hole diameter
of 3mm for Gas oil/Water System
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Fig. 6 Time of coalescence vs. flow rate at hole diameter
of 3mm for hexane/water system

TIME OF COALESCENGE (8)

=ffect of continuous phase height

A series of coalescence time determinations were made
with the oil/water systems under various conditions to
mvestigate the effect of changing the distance of ascensus of
S droplets to the interface. It is observed that time of
coalescence increased with increase in the height of
continuous phase due to increase in the ascensus of the
Zoplets. The drop released from the hole by uttermost
selocity is in column bottom to certain height in the
continuous phase. It arrives to terminal velocity at height
=oproximately 20cm. The amplitude of drop size increases
when the distance of ascensus increases. This is likely to have
= increasing effect on the bouncing of the drop and therefore
o the time of coalescence as the distance of ascensus
ncreases. Typical results for three oil/water systems are
=own in Fig, 7-9. Variation of coalescence time with height
= most likely the result of disturbances caused by impact of
&2 drops with the interface. Such disturbances would increase
=s the energy possessed by the drops before impact increased
Sat is with increasing length of ascensus, drop size, and the
=oproach velocity of the drop to the interface. It might be
Sought initially that an increased disturbance would reduce

22 Q. F=03mis
O Fefidmis
B, F=05mis

= 20 L F08mls
E B, Fr 7miis &
= 18
5]
uU)J
@1
3
O 14
5]
[
Q 42
w
=
= 10

08

08

L] 12 16 ol 24 ] 32

CONTINUOUS PHASE HEIGHT (cm)

Fig. 7 Time of coalescence vs. continuous phase height at
hole diameter of 3mm for kerosene/water system

TIME OF COALESECNCE(s)

08

] 12 16 n 24 P a2
CONTINUQUS PHASE HEIGHT (cm)

Fig. 8 Time of coalescence vs. continuous phase height at
hole diameter 3mm for gas oil/water system

22

TIME OF COALESECHNCE(s)

1]

12 18 20 4 ) i
CONTINUQUS PHASE HEIGHT [cm)

Fig. 9 Time of coalescence vs. continuous phase height at
hole diameter 3mm for hexane/water system

the drops stability, but the disturbance would eject the drops
from the interface and thereby increase the thickness of the
drainage film and consequently time of coalescence. Because
of the forces acting on the drops, the dynamic forces due to
the turbulent eddies in continuous phase attempting to break
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up the drops, the surface forces attempting to resist break up.
These forces cause deformation of the drops, depends on the
behavior of drops and physical properties of systems. If the
scale of eddies is large compared with the scale of turbulence
the drops will fragment.

Effect of distributer’s hole size

Fig. 10 shows the offect of hole size on the time of
coalescence at different oil/water systems. As hole size
increases the time of coalescence will increase. But in the gas
oil/water system the time of coalescence decreases markedly
at 8,9 and 11 mm diameter of hole sizes, because of the
fragmentation brought about by the variation in velocity of
dispersed phase at nozzles outlet in the turbulent continuous
phase, which exert different dynamic pressure at different
points on the surfaces of the drops, and also cause
deformation of the drops. The dispersed phase before release
as drops , it flow as a jet, the jet size is related to the hole size
and the dispersed phase flow rate, since the drops sizes may
be approximately 2 to 3 times the holes sizes at low flow rates
[19]. Then coalescence of drops might occur at the distributor
itself resulting in unpredictability of drop behavior, that
coalescence at the distributor can be avoided by higher
velocities in the streaming jet region.

26
‘7 e, Kaerosene/Walar Syslt
“®, Gasoil\Water Syslem
<2 e, Hexana/MWater Syslen

TIME OF COALESECNCE(S)

(o}

0?\— - J

2 4 L} B (] 12
SIZE OF HOLE (mm)

Fig. 10 Time of coalescence vs. hole size at 0.3ml/s flow

rate and 10cm height for three oil/water systems

Effect of density difference between phases

Physical properties have a considerable influence on
droplets stability. The effect of density difference will be
small, because the increased deformation of drop (ie.
flattening of drop) through increase of density difference, will
cancel the increase in the drainage force, and some droplets
colliding and coalescing with other adjacent droplets, or
breaking up either on the oilwater interface, because of
generating a wake behind each drop or under the interface,
because of the turbulence in continuous phase. This is acting
on the results of coalescence time. However, there is a slight

trend towards stability when there is a small difference in
density between the phases and a Jarger drop size as shown in
Fig. 11. As the hole diameter increases the effect of density
difference increase and the curve convert from concave (o
convex due to increase in the buoyancy force affecting the
film drainage.

28 —
T HOLE*Imm
22 T1 HOLE*Smm
= T, HOLE#Tmm
£ ‘T HOLE=Smm
5] B HOLE#1tmm
=z 18
o
[T}
7]
w
-é‘ 14
W
.?, 10
=
=
08
o
160 20 240 280 30 300

DIFFERENGE OF DENSITY(kginf)

Fig. 11 Time of coalescence vs. density difference at 0.3ml/s
flow rate and 10cm height for three oil/water systems

Effect of viscosity ratio of oil/water systems

Fig. 12 shows the effect of increasing phase viscosity rati
(ud/po) on the time of coalescence. It is clearly shown that th
time of coalescence increase with increasing viscosity rati
due to increase in the drainage force that assist the rupture ¢
the drop film as will be expected because the resistance |
drainage of the film is increased. The time of coalescenc
increases, as the hole size increases due to increase in the drc
diameter and with higher viscosity, the higher drainage for
obtained. But the reduction in time of coalescence at ho
diameter 9 and 11mm and viscosity ratio above 1.8 is due
break up of large drop to smaller drop size.

26

T HOLE=3mm
TL HOLE=5mm
22| B HOLE=Tmm
B. HOLE=9mm
W, HOLEsTimm

TIME OF COALESECNCE(s)

14 18 22 28

02 08 10
VISCOSITY RATIO (i)

Fig. 12 Time of coalescence Vs. viscosity ratio jig/p at 0.3

flow rate and 10cm height for three oil/water systems
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Theoretical approach

The forgoing discussion showed that the factors affecting
the time of coalescence are: velocity of dispersed phase Uy,
continuous phase height L, physical properties of both phase
and hole size dy. Earlier studies showed a variety of

_arrangement of these factors with the time of coalescence [10,

11, 13]. For the present work, all these factors were correlated
for the systems studied. The qualitative results of the statistical
analysis were taken as the basis of the development of a
correlation for coalescence time t of the form:

":f(Apa Hes M, UN’ ]-': Y & dN) (5)

Further dimensional analysis showed the correlation in terms
of the operating conditions and physical properties is:

@ -] c
el K[ﬂp Uy d~] (ﬂ_] [_L_] catrre ©
dy He H. ) \dy

where K is constant, Capillary number Ca= (u.Uy /y), and
Froude number Fr= (Uy’/gdy). The STATISTICA computer
program (99 Edition by StatSoft, Inc.) was used to find the
constant and the indices in Equation 6. For all oil/water
systems studied, 2625 data points were used to obtain the final
correlation of the form:

1.753
Yu!_g6s52x10° [—-uép Uy ]
dy He

079 0.349
o ( Ha ] [ _}_5_ J Ca®92 0021
He dN

The scatter of all the experimental data as compared with
values calculated from this correlation are almost within
£35%, and with a correlation coefficient of 0.975 and a
22.44% absolute average percent error. These results are
shown in Fig. 13.

(@)

Absolute Average Percant Error =22 44%
Cornlation CosfMicient =0.975

Expenmental Value of (UN L)
iy

.2 2 -] 10 14 18 22 0 30
Regeression Yalue of (UN taN)
Fig. 13 Time of coalescence correlation for three
oil/water systems

Nomenclature
Notation Unit
dy Nozzle diameter m
d, Mean size of drop entering the m
settling zone
g Acceleration due to gravity m/s®
IE; Distance of fall or ascensus of drop m
to interface
t Time of drop coalescence s
ke Mean coalescence time S
iz Half-life rest time s
T Temperature e
Uy Velocity of dispersed phase at the m/s
nozzle
Greek letters
Y Interfacial tension N/m
@ Inclination angle of lighting deg.
0 Actual camera angle deg.
u Viscosity Pa.s
He Viscosity of continuous phase Pas
e Viscosity of dispersed phase Pa.s
Pe Density of continuous phase kg/m’
Pd Density of dispersed phase kg/m’
Ap Density difference between phases kg/m?

Conclusions

1. The increase in dispersed phase flow rate caused an
increase in the time of coalescence.

2. The effect of increasing the height of continuous phase
was always to increase the time of coalescence and the
stability of drops. When the drop arrives to the terminal
velocity, the amplitude of drop size increases. This is
likely to have an increasing effect on the bouncing of
the drop,

3.For distributor's hole size greater than 7mm, unstable
drops were formed which break up to a smaller drop
size. The increasing of the hole size by 51% is likely to
have an increasing effect on the drop size and therefore
on the time of coalescence,

4. There was a slight tend towards greater stability of
drops through oil-water interface when there was a
small difference in density between the phases.

5.The increase in phase viscosity ratio (pg/p.) caused
increases the time of coalescence as will be expected.

6. An empirical correlation was developed for the range
of variables studied with a correlation coefficient of
0.975 and 22.44% absolute average percent error,

References

1.Laddha, G.S. and Degaleesan, T.E., in Lo, T.C., Baird,
MH.I. and Hanson, C. "Handbook of Solvent
Extraction", Wiley-interscience, New York (1983).

2.Barnea, E. and Mizrahi, J., "Separation Mechanism of
Liquid-Liquid Dispersions in A Deep-Layer Gravity
Settler: Part IlI-Hindered Settling and Drop-To-Drop

IJCPE Vol.8 No.1 (March 2007) 41



Drop interface coalescence in liquid-liquid system

Coalescence in the Dispersion Band", Trans. Instn.
Chem. Engrs, Vol. 53, 75-82 (1975).

3.Cockbain, E.G. and McRoberts, T.S., "The Stability of

Elementary Emulsion Drops and Emulsions”, J. Coll.
Sci., Vol. 8, 440-451 (1953).

4. Jefferys, G.V. and Lawson, G.B, "Effect of Mass
‘Transfer on the Rate of Coalescence of Single Drops at
a Plane Interface”, Trans. Instn. Chem. Engrs, Vol. 43,
T294-T298 (1965).

5.Brown, A.H. and Hanson, C., "Coalescence in
Liquid/Liquid Systems", Br. Chem. Eng,, Vol L, 7,
695-698 (1966).

6. Charles, G.E. and Mason, S.G., "The Coalescence of
Liquid Drops with Flat Liquid/Liquid interfaces", J.
Coll. Sci., Vol. 15, p.105, 236 (1960).

7.Gillespie, T. and Rideal, E.K., "The Coalescence of
Drops at an Oil-Water Interface", Trans. Faraday Soc.,
Vol. 52, 173-183 (1956).

8.Lawson, G.B., "Coalescence Processes", Chem. Proc.
Eng., Vol. 48, 5, 45-60 (1967).

9.Hanson, C. and Kaye, D.A., "General Design of High-
capacity Mixer- settlers", Chem. Proc. Eng., 27-30
(1963).

10. Jefferys, G.V. and Hawksley, J.L., “Coalescence of
Liquid Droplets in Two-Component-Two-Phase
System: Part I. Effect of Physical Properties on the
Rate of Coalescence", AIChE J., Vol. 11, 413-424
(1965).

11.Jefferys, G.V. and Davies, G.A.,, in Hanson, G
"Recent Advances in Liquid-Liquid Extraction", first
ed., Pergamon Press, Oxford (1971).

12.Lang, S.B. and Wilke, CR, "A Hydrodynamic
Mechanism for the Coalescence of Liquid Drops. 1.
Theory of Coalescence at a Planar Interface", Ind.
Eng. Chem. Fundam., Vol. 10, 3, 329-340 (1971).

13.Smith, D.V. and Davies, G.A.,, AEChE Symp. Ser.,
Vol. 68, 124, 1 (1972), (cited in reference 7).

14. Kintner, R.C., Horton, T.J., Graumann, R.E. and
Amberkar, S., "Photography in Bubble and Drop
Research"; Can. J. Chem. Eng., Vol. 39, 235-241
(1961).

15. Aziz A. Abbas, "Single Drop Mass Transfer", M.Sc.
Thesis, Univ. of Baghdad (1987).

16. Klinger, S., "Investigation of drop coalescence and
breakage in extraction  columns",  (2004),
http://www.tvt.rwth-aachen.de.

17. Kassim, Z.M. and Longmire, E.K., "Drop Impact on a
Liquid/Liquid Interface", Phys. Fluids Vol. 15, 11,
3263-3272 (2003).

18.Kassim, ZM. and Longmire, E.K, "Drop
Coalescence through a Liquid/Liquid Interface",
Phys. Fluids Vol. 16, 7, 2170-2181(2004).

19.Laddha, G.S. and Degaleesan, T.E., "Transport
Phenomena in Liquid Extraction", Tata McGraw-Hill
Publishing Co. Ltd., New Delhi (1976).

42 |JCPE Vol.8 No.1 (March 2007)




