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We proposed a novel variational approach to nonequilibrium thermodynamics, in particular, in the
context of Lagrangian systems with nonlinear nonholonomic constraints. We illustrated the
variational method by illustrative examples of membrane dynamics including mass transfer and
chemical reactions as well as viscous fluids with heat and mass transfer that are represented by
Navier-Stokes-Fourier equations.

We consider the 4-body system of the Earth-Sun-Moon-Spacecraft system as the coupled system of
the Sun-Earth-spacecraft 3-body system perturbed by the Moon (Moon-perturbed system) and the
Earth-Moon-spacecraft 3-body system perturbed by the Sun (Sun-perturbed system). We computed
tube structures of stable and unstable manifolds numerically by using the notion of Lagrangian
coherent structures.

Using the characteristics of the tube structures, we obtained the family of trajectories that depart
from the LEO and the family of those that arrive into the LLO. Finally we showed how a low energy
Earth-Moon transfer can be constructed by choosing an appropriate orbit from each family such that

the required Delta V is minimized under given conditions.
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