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Abstract: Linear polymer chains submerged in a viscous incompressible fluid are frequently modelled as chains
of massless beads connected with elastic springs, where each spring in the resulting bead-spring-chain

model represents several hundreds of atoms in the central backbone chain of a polymer molecule. Such kinetic
models of dilute polymeric fluids couple the incompressible Navier-Stokes equations to a high-dimensional
Fokker-Planck equation. In the simplest case, the elastic springs in the model are assumed to be Hookean
springs. We report new PDE-analytic results, aimed at dispelling certain misconceptions in the mathematical
literature associated with the PDE-analysis of Hookean bead-spring chain models. By performing a rigorous
derivation of the model from first principles, we show in particular that, when the flow domain is bounded, the
configuration space for the Hookean bead-spring chain model is also bounded (rather than unbounded, as is
commonly stated in the literature), and that the Fokker-Planck equation featuring in the model is uniformly
parabolic, containing a centre-of-mass diffusion term (rather than mixed hyperbolic-parabolic with no centre-of-
mass diffusion term). These observations have significant impact on the construction and mathematical analysis
of numerical methods for the approximate solution of high-dimensional Hookean bead-spring chain models.
We also provide a rigorous proof of a formal asymptotic argument by Schieber and Ottinger (J. Schieber and H.
C. Ottinger, The effects of bead inertia on the Rouse model, J. Chem. Phys. 89 (1988), no. 11), asserting that, in
the small-mass limit for the beads, the model results in equilibration in momentum space. Our proofs rely on
entropy/entropy dissipation estimates combined with vatious weak compactness and compensated compactness
techniques.
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