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The motion of drops suspended in an immiscible fluid plays a crucial role in many important technological processes such as in the production of emulsions, where one fluid is dispersed into another, in the processing of polymer blends and solid composite materials, and in the design of efficient mixing devices. When dispersed and continuous phases are not in thermodynamic equilibrium, mass or heat transfer between the phases may result in a non-homogeneous temperature or concentration along the interfaces, which induces local variations of the interface surface tension. These result in a self-induced thermocapillary surface flow in the bulk that considerably affects flow pattern as well as the motion and deformation of the fluid particle. In the case more than one drop, the spontaneous Marangoni effect causes a relative motion of the particles that may lead to their eventual coalescence. This effect is especially important in the case when the natural buoyancy driven motion is suppressed, e.g. in the absence of a gravity force on board a spacecraft and also in various ground-based processes with micro and nano characteristic dimensions, when the surface forces are relatively large compared to the body forces.

The method of singular boundary equations (BIE) is popular in simulation of low Reynolds hydrodynamics problems with evolving interfaces, as its implementation involves values of the variables only on the interfaces. Thus, the dimension of the problem is reduced and effective computations are enabled. Main difficulties of BIE methods applied to the problems of multi-phase flows are the singularity of the resulting equations and the dense matrix resulting from the discretization of the problems, which complicate the direct methods of solving corresponding linear equations. We report a 3D boundary-integral code for the accurate calculations of the evolution of highly deformable drops in the presence of tangential stress jump simulations of drops interaction and deformation in the presence of spontaneous Marangoni effect. Iteration method was used to solve the system of linear algebraic equations, resulting from the original BIE, while the accuracy of computations of singular and improper integrals were facilitated with the use of various integral equalities and expansions. 

The developed code was employed to study the effect of spontaneous thermocapillarity induced by cross interfacial transport on the pair-wise interaction of highly deformable drops in the course of their buoyancy induced motion in viscous flow. Our focus was on the case when the two drops are of the same material but unequal in size, with the smaller drop initially leading the larger one. Buoyancy and thermocapillary driven motion of a pair of adjacent drops in viscous medium is known to exhibit a rich variety of interaction patterns and critical phenomena capture, coalescence and break up [1,2,3]. Our previous simulations of axisymmetric deformations of heavy drops in an upward temperature gradient [4] have demonstrated that even weak thermocapillarity may drastically change the interaction pattern in near critical situations. Here we report an extension of the axisymmetric results on the motion under an external temperature gradient of [4] to 3-dimensional geometry and spontaneous Marangoni effect. Numerical simulation of the motion of two initially spherical drops with various aspect ratios and various initial offsets was carried out with and without the Marangoni effect. 
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