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ABSTRACT

Research Subject: The flow of two immiscible liquids has garnered significant interest over the past few decades due to its relevance in various
industrial applications, including chemical, petrochemical, food, and other process industries. It is particularly encountered in the water-lubricated
transport of high-viscosity oil through pipelines. One of the simplest methods for studying the mass transfer coefficient in a liquid—liquid system involves
a single droplet rising through a second, stationary phase. While this approach is well understood for nearly spherical droplets without surface turbulence
or oscillations, it remains complex for ellipsoidal droplets exhibiting oscillatory motion, particularly in systems characterized by low interfacial tension.

Research Approach: This study investigates the effect of mass transfer on the velocity and shape of droplets in a chemical system composed of normal
butanol, succinic acid, and water. Several variables are explored, including the dispersed phase flow rate, droplet size, and succinic acid concentration
within the dispersed phase. Experiments were carried out using the single-drop method in an extraction column, employing normal butanol droplets with
diameters ranging from 0.3 mm to 1.3 mm and Reynolds numbers below 300.

Main Results: The results reveal that mass transfer significantly influences droplet velocity, delaying the attainment of terminal velocity. Despite
deformation, the droplet regime remains unchanged. The low interfacial tension in the system leads to the formation of oval-shaped droplets, with aspect
ratios decreasing to as low as 0.4. However, under mass transfer conditions, droplets become wider and more spherical, resulting in a 50% increase in
aspect ratio at the highest succinic acid concentration and with the largest nozzle size, compared to conditions without mass transfer. Terminal velocity
and droplet deformation were further analyzed using dimensionless numbers, including the Reynolds number, E6tvos number, and Weber number.
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Table 1 Chemical properties of the consumed materials at 25 °C

Chemical properties Succinic Normal Distilled
acid butanol water
Minimum degree of
(%)purity B & )
Density (g/cc) 1.56 0.81 1.00
Molecular mass
(g/mol) 118.9 74.12 18.2
Boiling Eggw)perature 235 118 100
Solubility in water
20 73-77 -
IO
Dynamic viscosity ) 255 0.925
(cP)
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Table 2 Physical properties of aqueous phase (continuous phase)
and organic phase (dispersed phase) at 25 °C

Characteristics Viscosity Density p Interfacial
(mPa.s) (g/cm?) tension ¢
(mN/m)
Saturated water 1.2115 0.9869
phase
Organic phase 2.9646 0.8415 Lo
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Figure 1 Schematic of liquid-liquid extraction column and its
different parts (1. Glassy column, 2. Jacket, 3. Glassy nozzles, 4.
Continuous phase reservoir, 5. Pump, 6. Dispersed phase reservoir,
7. High quality camera, 8. Computer, and 9. Light system)
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Table 3 Specification of the experimental column

Specifications Dimensions (cm)
Height 100
Inner diameter 9
Outer diameter 10
Number of valves 4
Distance between valves 20
Column wall thickness 0.5
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Table 4 Variation of drop size in the three different nozzles at 25
°C in the presence and absence of mass transfer

Nozzle (mm) Drop size range
S rate Flow .
tip size : With mass No mass
(mL/min)

(mm) transfer transfer
0.8 0.21-0.0045 1.45-1.35 1.95-1.8
1.5 0.3-0.02 2.15-1.82 2.33-1.74

3 1.35-0.07 2.85-2.25 2.98-2.21
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Figure 2 A rising drop in an experimental column
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Figure 4 Comparison of terminal velocity and maximum velocity
of drop against drop size a) in the absence of mass transfer b) in the
presence of mass transfer
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Figure 3 Instantaneous velocity variation at fixed flow rate of 0.05
mL/min a) in the absence of mass transfer b) in the presence of
mass transfer
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Figure 7 Aspect ratio against drop size: a) in the absence of mass
transfer, b) mass transfer with initial concentration of 2.45 mM,
and c) mass transfer with initial concentration of 24.5 mM
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Figure 5 Reynolds number against Eotvos number in the presence
and absence of mass transfer
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Figure 6 Weber number against Reynolds number in the presence
and absence of mass transfer
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