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Abstract: The capillary effect caused by the interfacial energy dominates the dynamics of small 

droplets, particularly the contact lines (where three phases meet). With insoluble surfactant laden on the 
capillary surface, the dynamics of droplets to some textured substrates becomes more complicated:   
(i) insoluble surfactant disperses along the evolutionary capillary surface (ii) the surfactant-dependent 
surface tension will in turn drive the full dynamics of droplets, particularly the moving contact lines. 
Using Onsager’s principle with different Rayleigh dissipation functionals, we derive and compare both 
the geometric motion of the droplets and the viscous flow model inside the droplets. To enforce 
impermeable obstacle constraint, the full dynamics of the droplet can be formulated as a gradient flow 
on a manifold with boundary, which leads to efficient computations. We propose an unconditionally 
stable scheme based on explicit moving boundaries and arbitrary Lagrangian Eulerian method. After 
adapting a projection method for a variational inequality with phase transition information on emerged 
contact lines, we use those numerical schemes to simulate the contact angle hysteresis, unavoidable 
splitting of droplets on inclined textured substrates. This is a joint work with Yuan Gao of Duke 
University 
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Duke University, as well as a co-director and Professor of Mathematics and Physics at Duke Kunshan 
University in China. His research interests lie in applied mathematics and numerical analysis, partial 
differential equations, kinetic theory, computational fluid dynamics, complex fluids, emergent behaviour 
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