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Abstract—We consider a model of a two-phase immiscible incompressible viscous fluid flow
and solve an inverse problem to determine the fluid viscosity from a known location of its
free surface. The mathematical model of the fluid flow is reduced to solving a problem
described by the Navier–Stokes equation in the field of gravity, the incompressibility equation,
and the advection equation for the interface between the two phases and is supplemented by
relevant initial and boundary conditions. The fluid density and viscosity depend on the spatial
coordinates and time. The considered problem is ill-posed, as small errors in the initial data and
computations may lead to large errors in the solution. The numerical modeling of such problems
requires the use of special methods that guarantee the stability of the computational process
with respect to the errors. The aim of this work is to develop methods and algorithms for a stable
numerical modeling of the inverse problem. To solve the inverse problem, we propose to use a
variational method and to replace the original problem with an extremal problem of minimizing
a suitable functional of the discrepancy between the measurements of the location of the fluid’s
free surface and its location obtained from the solution of a specially constructed dynamic
control system. The desired solution of this extremal problem is iteratively approximated by
solutions of terminal–boundary value control problems for the adjoint system, which represents
the gradient of the objective functional. A difficulty of this approach is associated with the
numerical simulation of the control problems due to their nonlinearity. Some variants of gradient
methods can be applied to minimize the discrepancy functional. The gradient of this functional
and the descent step along the negative gradient are determined analytically allowing for an
essential reduction of computations.
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