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Abstract - Emulsion formation in a buoyancy-driven microfluidics device is studied experimentally via a visualization system
comprised of a high-speed CCD and a microscope. The typical droplet formation regimes and interfacial behaviors during droplet
formation is investigated. Variation in the droplet size and formation regime transition caused by the flow rate of the dispersed phase is
discussed. The results indicate that the emulsions produced through the dripping regime when the flow of the dispersed phase is relatively
slow are highly monodispersed. The jetting regime and transitional regime can produce emulsions under higher frequency comparing
with dripping regime. However, the droplets are polydispersed and less control can be achieved.
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1. Introduction

Emulsions are widely used in many fields, such as inertia confinement fusion [1, 2], biomedical engineering [3], material
engineering [4] and chemical reaction [5]. Generating and manipulating emulsions through microfluidic approaches has great
adaptability, designability and controllability and has drawn extensive attention.

Buoyancy-driven microfluidic device in unconfined space is a special type of microfluidic device [5], in which large
density difference exists between the dispersed phase and the stationary continuous phase. The emulsion formation process
is mainly affected by buoyancy (gravity), interfacial tension and inertia force of the dispersed phase. Buoyancy-driven
microfluidics, with fewer dominating forces and interferences involved in the emulsion formation process, are preferable in
producing monodispersed emulsions [6]. Though the dropping regime in buoyancy-driven microfluidics devices has been
reported in current researches, other regimes as well as the regime transition requires further investigation. Therefore, a
visualization experiment is carried out to further study the droplet formation platform in the buoyancy-driven microfluidic
device. Typical formation regimes and interfacial behaviours during droplet formation are investigated. Variation in the
droplet size and formation regime caused by the flow rate of the dispersed phase is discussed.

2. Experimental system
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Fig. 1: Experimental setup.
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As shown in Figure 1, the buoyancy-driven microfluidics device used in the preparation of the single emulsion was
placed in the bottom of a liquid pool filled with continuous phase, and the dispersed phase was injected by a syringe
pump. A CCD was connected with a microscope to record the droplet formation processes. The operation temperature
was 22 + 2 °C. Three times of the experiments have been conducted to achieve the reliable results with strict control
over the experimental flow conditions.

3. Experimental results and discussion
3.1. Typical formation regimes

Two typical formation regimes are distinguished in the buoyancy-driven microfluidics device: dripping and jetting.
Transitional regime with characteristics of both dripping and jetting is observed as well.

Figure 2 shows the formation of a droplet under a typical dripping regime which can be divided into two stages:
growth and detaching. The growth stage accounts for about 91% of the total droplet formation time. Interfacial tension
dominants during growth stage that the dispersed phase is completely attached to the nozzle. With further injection of
the dispersed phase, the interface shape deviates from spherical indicating that buoyancy is competing with interfacial
tension in the detaching stage. A neck is formed between the dispersed phase droplet and the outlet whose diameter
decreases drastically with time. The neck breaks and the droplet rises inside the pool under buoyancy.
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Fig. 2: Dripping regime.
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Fig. 3: Jetting regime.

Jetting regime occurs under high flow rate of the dispersed phase due to high inertia force from the dispersed phase
as shown in figure 3. A cycle of droplet formation under jetting is much shorter than dripping. Differing from traditional
microfluidics devices, no narrowing jetting dominated by viscous force of the continuous phase is observed. Undulations
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on the interface caused by capillary waves are observed. The fastest developing capillary waves eventually lead to the fracture
of the jet.

A typical transitional regime with the characteristics of both dripping and jetting is shown in figure 4. The interface is
stretched in the vertical direction due to the inertia force. The volume of the dispersed phase attached to the nozzle is larger
than that of the dripping regime after the detachment of the previous droplet. The time required for the droplet to grow to the
critical volume of detaching is less which accounts for about 50% of the total droplet formation time. Two times of neck
shrinking are observed during the detaching stage due to the competition between the interfacial tension and inertia force.

0.185ms 5.926ms 22.778ms 67.222ms

90.791ms 94.444ms 106.852ms 115.926ms 117.407ms 117.778ms
Fig. 4: Transitional regime.

3.2. Analysis of influencing factors
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Fig. 5: Variation of droplet size and generation formation regime with the flow rate of the dispersed phase Qq.

Figure 5 shows the droplet size and the generation formation regime as a function of the flow rate of dispersed phase in
which D represents dripping regime, T represents transitional regime, and J represents jetting regime. Qq has little effect on
the droplet size R under dripping regime and emulsions generated are highly monodispersed. The transition from dripping
regime to transitional regime occurs when Qg>255ml/h. The monodispersity of droplets prepared within this flow range
deteriorated dramatically due to alternate generation of big and small droplets. Qq has strong influence on the size of the
droplets in transitional regime, and the minimum size of the droplets varie discontinuously. The transitional regime occupies
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relatively small flow rate range. When Qq exceeds 295ml/h, jetting occurs. Variation in droplet size due to increasing in
Qq is reduced when the inertia force completely dominants the jetting regime.

4. Conclusion

Emulsion formation in a buoyancy-driven microfluidics device is studied experimentally via a visualization system
comprised of a high-speed CCD and a microscope in this paper. Typical formation regimes and interfacial behaviors
during droplet formation are investigated. Variation in the droplet size and formation regime caused by the flow rate of
the dispersed phase is discussed. The conclusions can be summarized as:

(1) Dripping is preferable in producing highly monodispserd emulsions while jetting is suitable for applications that
require fast emulsions generation.

(2) Increasing the flow rate of the dispersed phase leads to the transition from dripping regime to transitional regime
and finally to jetting regime. The dominant force changes from interfacial tension to inertia force, accompanied by sharp
variation in droplet size and deterioration in the monodispersity of droplets.
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