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The swelling of polymeric hydrogels is governed by the coupled dynamics of sol-
vent transport and polymernetwork elasticity. Here, we use molecular dynamics
simulations of model polymer networks with varying strand lengths in explicit
solvents to investigate swelling dynamics from the dry state to the equilibrated
swollen state. The temporal evolution of solvent and polymer density profiles, as
well as the swelling ratio, is systematically analysed. To interpret the simulation
results, we develop a nonlinear diffusion model formulated as a movingboundary
problem, in which polymer mass conservation is coupled with a nonlinear Darcy-
type flux, leading naturally to a densitydependent effective diffusion coefficient.
The nonlinear swelling behaviour arises from the combined entropic and elastic
contributions to the osmotic pressure, described respectively by Flory-Huggins
theory and polymernetwork elasticity. Theoretical predictions for gelfront propa-
gation show semiquantitative agreement with simulation results, providing clear
physical insight into the driving forces underlying hydrogel swelling.
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