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Abstract: Bubble-bubble collision is a significant scientific problem in bubble flow, with bubble dynamics notably
affected by trace surfactants. However, its influence on bubble-bubble collision behavior is rarely reported. This
study records two coaxial rising N, bubbles (4.2 mm in diameter) freely rising in cetyltrimethylammonium bromide
(CTAB) solutions using high-speed photography. A virtual binocular stereo vision system and a code for 3D bubble
reconstruction are used to accurately obtain bubble characteristics. The results show that the collision frequency of two
coaxial rising bubbles in CTAB solutions is significantly higher than that in ultrapure water, increasing with CTAB
concentration. An empirical correlation between bubble collision frequency and CTAB concentration is derived from
experimental data. Four bubble collision modes are observed: coalescence, push, side-by-side, and transcendence,
with their frequencies recorded in CTAB solutions. Furthermore, the bubble motion behaviors are analyzed,

revealing that the accumulation of surfactant molecules on the bubble surface inhibits the oscillation of the bubble
movement in the horizontal direction, significantly reducing horizontal displacement and increasing collision fre-

quency. In CTAB solutions, the collision frequency can reach 0.83, compared to 0.13 in ultrapure water. This study
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uncovers a new phenomenon of two bubble collisions in surfactant solutions and discusses the collision mechanism.

The horizontal distance between bubbles is identified as a key factor affecting the collision frequency of bubbles. A

preliminary theoretical analysis is conducted from the perspective of the flow field distribution of a single bubble.

Keywords: bubble; gas-liquid flow; bubble collision; surfactant; bubble coalescence; surface contamination
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bubbles in CTAB solutions with time
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