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Background 
Sustainability and environmental stewardship is increasingly important for industrial sectors, including food industry 

that generate siginificant wastewater streams containing oil droplets. 
The most efficient process for removing oil droplets from an aqueous stream is gas flotation, such as dissolved air 

flotation (DAF). High pressure saturation is used to create air bubbles in the wastewater stream, to enhance the oil 
bouyancy and carry the suspended oil droplets to the surface, whereby it creates a foam that can easily be separated1. 
For the DAF process to be effective, an oil droplet and an air bubble have to come in contact and the oil droplet needs 
to spread around the air bubble and encapsulate it, forming a compound bubble-droplet2. In a recent preliminary study3, 
an oil droplet was held stationary, while the impact of a stream of air bubbles was observed (Fig.1). Using olive oil 
droplets, it was observed that the closer the size of the air bubble to that of the oil droplet, the higher the encapsulation 
rate. Preliminary results were also obtained on the effect of interfacial tensions and of the spreading factor on the 
duration of the contact between the bubble and the droplet.  

The basic process of gas encapsupation needs to better understood, given its broader importance in food processing 
to create novel food structures and sensory properties, aside form wastewater treatment.. 
 

 
Figure 1: Observation of the encapsulation of a small, raising air bubble into a static oil droplet3. The whole sequence lasts 1.7 seconds. 

Objectives 
This doctoral project aims to understand the phenomena governing the encapsulation of a bubble in a droplet, by 

i) developing a macroscopic steroscopic observation of the buble-droplet impact dynamics (extending the approach 
presented in Fig.2 and the stereoscopic approach developed for particle-droplet impact4) and ii) developing a 
microscopic observation of the film drainage dynamics using a confocal microscope. The effect of the interfacial and 
rheological properties and of the process conditions will be  invesitgated experimentally and interpreted by developing 
a theory describing the encapsulation process. 

Hosting labs: 
Upon successful ADI funding5, this three-year doctoral research project will 

start in autumn 2024 and will be hosted for 24 months by the SayFood research 
unit, located on the AgroParisTech/INRAE campus, Université Paris-Saclay, 
Palaiseau, France and for 12 months by the Surface Engineering and 
Instrumentation Lab (SEiL) at the University of York, Toronto Canada. The 
PhD candidate will be registered as a PhD student at University Paris-Saclay and 
a cotutelle will be organised, toward the award of a double degree with York 
University in Canada5. 

Candidate profile and application process: 
The Ph.D. candidate should have a Master degree in Physics, Mechanical or 

Chemical Engineering with a strong interest for fluid mechanics, physical-
chemistry and interfacial phenomena and should be fluent in English. Fluency in 
French would be a plus. Applications should be submitted via 
https://adum.fr/as/ed/voirproposition.pl?print=non&matricule_prop=53435#version  

(ADUM.fr ref. 53435) by March 21st, 2024.  
Informal enquiries can be sent via email to marco.ramaioli@inrae.fr.  

 
____________________
1. Moosai, R. & Dawe, R. A., 2003. Gas Attachment of oil droplets for gas flotation for 

oily wastewater cleanup. Separation and Purification Technology. 
2. Sadhal, S.S., Ayyaswamy, P.S., Chung, J.N.,1997. Compound Drops and Bubbles. In: 

Transport Phenomena with Drops and Bubbles. Mechanical Engineering Series. 
Springer, New York, NY. https://doi.org/10.1007/978-1-4612-4022-8_8 

3. Rouz H., Carter M., Thorpe R., Ramaioli M., Formation of compound bubbles upon 
the vertical impact of a bubble onto a droplet, in preparation  

4. S.A. Banitabaei and A. Amirfazli, 2020. Droplet impact onto a solid sphere in mid-air: 
Effect of viscosity, gas density, and diameter ratio on impact outcomes, Phys. Fluids, 
32, 037102. 

 
Figure 2: Trajectory of a bubble 
(shade) impacting a droplet, without 
encapsulation.2 


