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So-called half-zone liquid bridge1) has been employed as a physical model to investigate a transition of 

thermal-flow field from two-dimensional time-independent ‘steady’ state to three-dimensional time-

dependent ‘oscillatory’ one especially for high Prandtl number fluids2,3). Whereas a variety of research have 

been hitherto conducted on such transition via numerical and theoretical approaches4,5), little knowledge has 

been accumulated especially in the case of tall or high-aspect-ratio liquid bridges 6,7). We focus on the effect of 

the heat transfer between the liquid bridge and the ambient gas 8,9) on the thermal-flow field in the half-zone 

liquid bridge of the aspect ratio (height/radius) Γ = 3.0 (Fig. 1.) via numerical approach.  

A series of simulation are conducted by considering the non-dimensional Biot number Bi as a free parameter 

under zero-gravity condition. The condition of the thermal-flow transition is examined in terms of the critical 

Reynolds number Rec for 0 ≤ Bi ≤ 3 via the direct numerical simulation as well as the linear stability analysis. 

We indicate by the simulation that the thermal-flow field after the onset of the oscillatory state exhibits a 

traveling-wave-type one convection under a fully developed condition. The Biot number affects the scenario 

of the development of the oscillatory convection as a function of time. We will discuss the thermal-flow field 

by making comparisons with the results by the on-orbit experiments in the International Space Station10).   

 

  

Figure 2.  Streamlines with vectors of developing flow 

field of standing-wave-type convection in middle 

plane under Bi = 2.0 and Re = 1300. 

Figure 1.  Half-zone liquid bridge. 
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