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Introduction: Today, liquid-droplet interactions are recognized as one of the most challenging topics in
multiphase flow. For example, the presence of oil in water in food industry is one case where it has become
important to study the behavior of oil droplets in fluid [1]. Olive oil is the main source of fat in the
Mediterranean diet. Low erucic acid canola oil is considered the most popular vegetable oil in Scandinavian
countries [4]. Olive oil constitutes less than 2% of the total vegetable oil production, and its consumption is
increasing in non-producing countries. For the mentioned reasons, the two edible oils are the object of this
study. Studies have shown that when a droplet rises in fluid, its rising velocity depends on impurities in the
continuous fluid. For example the presence of surfactant prevents the internal circulation of the droplet and
causes the surfactant to accumulate on the back surface of the droplet and reduces the drop velocity. The
reduction in droplet velocity, known as Marangoni effect, was first introduced by Framkin and Lovich [21]. The
presence of excess oil droplets in the industrial wastewater treatment systems of oil factories and industrial food
production and the need to remove them to prevent their entry into the environment indicates the importance of
studying these systems. Thus, in the present study, we conducted an experimental investigation to compare the
behavior of the rising drop at different surfactant concentrations using two edible oils, olive and canola.
Terminal velocity, equivalent diameter, and drag coefficient are the parameters evaluated in this study.
Materials and methods: In order to experimentally investigate droplet formation, a system was designed. It
consisted of a vertical column filled with a continuous phase containing different concentrations of Tween 80
surfactant. The diameter of injection needle was considered constant, equal to 0.9 mm. The experiment was
performed at a constant volume flow rate of 0.4 mm/min. A Canon SX540 HS model camera installed in front of
the column for recording images and behind the column was placed LED lamp. A semi-transparent fabric
diffuser was also placed between the lamp and the column to properly diffuse the light. For image processing,
recorded videos were first converted into photo collection using Master Video Image software (VV.1.2.8). Then,
Image J software (v1.52) was used to measure the area and perimeter of the droplet, as well as the center of its
surface in all images. Finally, variables such as terminal velocity, equivalent diameter and drag coefficient were
calculated and their dependence on operating conditions were evaluated.
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Results and discussion: First of all, testing and image processing methods were validated by comparing our
results in pure water with those of other researchers. The velocity differences was less than 10%, which is
acceptable for experimental work.

According to the results, surfactant concentration did not affect the equivalent diameter, so that it will be
constant as surfactant concentration increased. Comparing the present result with those of other researchers
indicates that regardless of the liquid type, the surfactant concentration does not significantly affect the droplet
equivalent diameter. This is related to the increased Kinetic stability of the emulsion due to the presence of
surfactants, resulting in no change in droplet size. In addition, the droplet type (olive or canola oil) had no
noticeable effect on the equivalent diameter. This may be due to the close interfacial tensions of the two
mentioned oils.

The more surfactant concentration, the less terminal, although the reduction is not noticeable. Considering that
Tween80 has a reported critical micelle concentration (CMC) of 0.001 mMol [39], the velocity increases with
enhancement of surfactant concentration, since all the concentrations used are above the CMC. The droplet size
is constant and only its velocity decreased compared to pure water due to the Marangoni effect.

In the present study, the Reynolds number varies between 200 and 450. Therefore, according to theoretical
studies, we are in a transition zone from low Reynolds to high Reynolds. The drag coefficient decreased with
increasing Reynolds number at all concentrations. This was expected from previous studies [18, 33].
Conclusion: In the present study, we evaluated the behavior of two edible oils, canola and olive, in a stationary
fluid containing Tween 80. The parameters investigated were the equivalent diameter of the droplet, its terminal
velocity, drag coefficient and Reynolds number. In general, it can be concluded that the surfactant concentration
and the oil type did not determine the droplet size. Also, the more Reynolds, the less drag coefficient. Therefore,
increasing the Reynolds number could be a proposed solution if hydrodynamic resistance needs to be reduced in
similar systems.
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Table 1. Physical parameters of the droplets and continuous phase

Physical properties Sensiy Viscosity
yolcarprop (kg/m®) (kg/m.s x 1073)
Olive ail 842
Canola oil 854
Fluid containing surfactant * 998 1.793

* To be the same as water
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