




point of the apex of both curvatures. Similar steps of calibration 
and analysis were performed for all test cases. 

3. RESULTS AND DISCUSSION 

The following section discusses the analysis of 

displacement and velocity change in the interface of two 

scenarios observed from the high-speed videos of bubble 

squeezing in taper microgap from the experiments performed 

with 3 ml/min, 15 ml/min, and 30 ml/min airflow rate at taper 

angles of 5°, 10°, and 15°. In scenario 1, a single bubble squeezes 

and exits the taper; in scenario 2, two bubbles coalesce and exit 

the taper. In all the test conditions and scenarios, the air injected 

bubble always travelled towards the diverging end of the taper, 

i.e. the taper exit. 

3.1 Displacement of receding and advancing 
interfaces of a bubble in a tapered microgap 

The advancing and receding interfaces were tracked from 

the high-speed videos, and the position of the apex of each 

curvature with respect to the x-axis was studied. The result from 

one of the test configurations is plotted in Fig. 3 and Fig. 4. 

FIGURE 3: DISPLACEMENT OF ADVANCING AND 

RECEDING INTERFACES OF AIR BUBBLE SQUEEZING 

BETWEEN A 15° TAPERED MICROGAP WITH AN AIRFLOW 

RATE OF 3 ML/MIN. 

Figure 3 shows the scenario wherein a single bubble is 

squeezed and exits from the tapered microgap. It illustrates 

changing the displacement of the x-position of the apex of the 

advancing and receding interfaces of an air bubble squeezing in 

a 15° tapered microgap at a flow rate of 3 ml/min. The horizontal 

axis shows the time taken by the interface of the air bubble to 

grow and exit the tapered microgap in seconds. The vertical axis 

shows the x-axis position of the interface apex in mm. The blue 

marker on the left represents the advancing interface of the air 

bubble, and the orange marker on the right represents the 

receding interface of the bubble. It is observed that initially, as 

the bubble forms from the orifice, it grows symmetrically until 

the top surface of the bubble touches the taper surface. Beyond 

this point, the advancing interface grows in a diverging direction, 

and the receding interface remains nearly stationary. However, 

as the bubble ingests more air, the receding interface moves 

slowly towards the diverging end, reaching the edge of the 

orifice. The surface tension on the receding interface forces the 

bubble to detach and move downstream the tapered microgap. 

The bubble interfaces get squeezed in the tapered microgap and 

move towards the taper exit with increased acceleration. The 

force balance inside a bubble being squeezed in a tapered 

microgap is given by Chauhan and Kandlikar [14]. This action 

of a sudden increase in bubble velocity as a result of squeezing 

between tapered microgap is defined as a “slingshot” movement 
and hereon in the article. 

FIGURE 4: CHANGE IN DISPLACEMENT OF ADVANCING 

AND RECEDING INTERFACES OF TWO AIR BUBBLES 

SQUEEZING BETWEEN A 5° TAPERED MICROGAP WITH AN 

AIRFLOW RATE OF 30 ML/MIN. 

Figure 4 shows the displacement of advancing, and receding 

interfaces of air-injected bubbles in scenarios wherein two 

bubbles coalesce while squeezed in the tapered microgap. The 

air bubble that appeared first is referred to as the advancing 

bubble or bubble 1, the bubble that appeared later is referred to 

as the trailing bubble or bubble 2, and post-fusion, it is referred 

to as a coalesced bubble. Blue and gray markers show the 

advancing interfaces, and orange and yellow markers indicate 

the receding interfaces of leading and trailing bubbles, 

respectively. The advancing and receding interfaces of the 

leading bubble behave similarly to the previous case. As the first 

bubble detaches and moves towards the microgap exit, a new 

bubble nucleates from the orifice. The advancing interface of the 

trailing bubble follows the receding interface of the leading 
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The result from different experimental tests can be classified 

into two scenarios discussed earlier. While most configurations 

showed just one type of behaviour, specific configurations 

exhibited both scenarios. The time taken in seconds by air 

injected squeezing bubble(s) in each configuration between 

tapered microgap is listed in Fig. 9. The time taken by air inject 

bubble to exit taper will help understand the behavior of 

nucleating bubbles under boiling conditions. 

FIGURE 9: TIME TAKEN FOR AN AIR BUBBLE MOVING 
IN  A TAPER MICROGAP AT DIFFERENT AIRFLOW RATES. THE 
MARKERS WITH BLACK OUTER BORDER SHOW SCENARIOS 
WHEREIN MULTIPLE BUBBLES COALESCED BEFORE 
EXITING THE TAPERED MICROGAP. 

4. CONCLUSION 

The present work studies the impact of air bubble squeezing 

between a tapered microgap in a pool of water. The current work 

injects air through a peristaltic pump to mimic a nucleating 

bubble. Bubble squeezing in tapered microgap with 5°, 10°, and 

15° taper angles was studied with an airflow of 3 ml/min, 15 

ml/min, and 30 ml/min. It was observed that under all scenarios, 

the air injected bubble grows, detaches, and moves towards the 

diverging end of the taper microgap. It was noticed that while the 

leading interface continues to move at a near-constant rate, the 

receding interface initially remains constant but then slingshots 

towards the taper exit to push the bubble forward. Under some 

scenarios, the leading bubble slows down such that the 

subsequent bubble coalesces and forms an oscillating slug. The 

current work allows understanding the behavior of a bubble in a 

tapered microgap and enables further optimization of the tapered 

geometry for increasing fluid flow through the gap. 
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