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温度差マランゴニ効果に起因する長液柱内における粒子集
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We investigate experimentally so-called particle accumulation structure (PAS) after Schwabe et al.1), in 

which tiny tracer particles accumulate to form coherent structures under certain conditions in the half-zone 

liquid bridge. In the half-zone liquid bridge (see Fig. 1.), a designated temperature difference ∆𝑇𝑇 (≡ 𝑇𝑇h − 𝑇𝑇c) 

is imposed between the both end surfaces of the liquid bridge to generate thermocapillary-driven flow on the 

free surface. As ∆𝑇𝑇 is increased, the convection field in the liquid bridge exhibits a transition from two-

dimensional steady state to three-dimensional ‘oscillatory’ one. After the pioneering work1), the spatial-

temporal structure of the PASs and their occurring conditions have been investigated via experimental2-6) and 

numerical7-9) approaches. Such unique structures have been realized notwithstanding the gravitational 

acceleration condition2,3,6). It has been indicated that the PAS exhibits a closed structure with an azimuthal 

wave number corresponding to those by the oscillatory flow by the hydrothermal wave instability2). Their 

formation mechanism, however, has not been hitherto unveiled. Two major models have been proposed: 

particle-free surface interaction (PSI) model10) and phase locking model11). The former implies the transfer of 

the streamlines to follow by the tiny particles near the free surface governs the formation of the PAS. The latter 

whereas implies the “synchronization” between the turnover motion of the particles and the azimuthal 

traveling flow in the liquid bridge realizes the particle accumulation.  

In the present study, we conduct a series of on-ground experiments to investigate the correlation between 

the particle turnover motion and the traveling thermal flow with the spatial-temporal data of the particles 

forming the coherent structure inside the liquid bridge of O(1 mm) in size to overcome the static pressure 

under the normal gravity. The spatial-temporal behaviors of the suspended particles forming the PASs of 

various m’s are monitored via the particle tracking velocimetry (Fig. 2.). We evaluate the Doppler shift11), and 

will discuss the validity of their model by the monitored experimental data themselves. We further investigate 

the occurring condition of the PASs by applying imaginary azimuthal traveling wave to the turnover motions 

of particles to propose a criterion to realize such coherent structures in the closed system. 
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Figure 1.  Half-zone liquid bridge. 

 

Figure 2.  (a) Particle image taken from above liquid bridge in rotating frame of reference (black dots: 
particle, yellow circle: rod periphery) and (b) three-dimensional trajectory of particles forming 
coherent structure under Γ (≡ 𝐻𝐻/𝑅𝑅) = 1.6 and ∆𝑇𝑇 = 11 K. 
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