NUMERICAL SIMULATION FOR MICRO-DROPLET MOVEMENT DUE TO MARANGONI EFFECT
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Miniaturization of engineering system is an emphasis in the recent years, study of microscale phenomena and the transport of mass, energy, and/or charge is important in designing new devices.  As the system gets smaller, surface properties play more important roles.   Obtaining a micro/nano energy source is one of the important issues for effective system operation, and micro-scale energy conversion is a tool to reach the goal.  This work illustrates the conversion from surface tension energy to kinetic energy for a tiny droplet by computational models via applying the temperature gradient on a smooth base1 for an initially stationary droplet in micrometer scale.  

Temperature heterogeneity inside the liquid droplet is constructed resulting from heat transport from the temperature heterogeneity on the based surface.  The surface tension caused by the Marangoni effect leads to a tangential stress at the droplet interface and pushes the droplet from the warm region (low-surface tension) to the cold region (high-surface-tension).  Computational models for the possible mechanisms are always the fast way to obtain basic understanding and physics.  Furthermore, the droplet movement by Marangonic effect has been introduced and observed by Wasan et al. 2 and Daniel et al. 3  In the present study, first principle equations similar to homogenous flow model used in two phase flow calculation in cooperation with Volume-of-Fluid (VOF) interface tracking methodology and Continuum Surface Force (CSF) model are employed to obtain the movement and deforming process of the droplet so that the assumptions and simplifications can be minimized for numerical simulations.  Three grid systems are employed to check the grid-independency and the reliability of the computational results for a 1 (( and a 0.5 (( droplet with 1.6 mm curvature radius and 45° contact angle on based surface under temperature gradient of 20°C/m.  Figure 1 displays the changing process of a 1-(m droplet deformation and its movement.  The droplet stays the same position for 21.75 ms and performs “compression- relaxation” oscillation with 120 Hz before Marangoni effect dominating the droplet movement.  Marangoni effect drives the droplet moving peristaltic toward cold region with the speed of 4.57cm/s after droplet forms a shape with a blunt tail and a sharp nose.  The moving speed is increased to 20 cm/s if the droplet size is decreased to 0.5(m.

The computations suggest that the supplied thermal field with large temperature gradient can be employed as an energy source to move a nano-liter-scaled liquid droplet via Marangoni effect.  The efficiency of the energy conversion and the false numerical diffusion effect need to be further studied.
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( a ) initial stationery state, t=0 ms
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( b ) compression, t=2.5 ms
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( c ) spreading, t=5 ms
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( d ) compression, t=10 ms
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( e ) spreading, t=15 ms
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( f ) compression, t=20 ms
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( g ) asymmetry observed, t=25 ms
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( h ) droplet moving, t=30 ms
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( i ) t=35 ms
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( j ) t=40 ms
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( k ) t=45 ms
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( l ) t=50 ms
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( m ) t=55 ms
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( n ) t=60 ms
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Fig. 1 Droplet Deformation and Movement Process as It Sits on a Surface with Temperature Gradient








