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Moving-boundary simulation of tumor growth with a second-
order positivity-preserving finite volume method
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Abstract

We present a second-order positivity-preserving finite
volume scheme for avascular tumor growth on a moving
domain. The model couples a convection-diffusion PDE for
the cell density with a nonlinear ODE for the tumor radius,
forming a free-boundary system in which the domain
evolves with the solution [1]. The scheme combines
monotonic upstream-centered scheme for conservation
laws reconstruction ‘MUSCL’, flux-corrected transport,
and time integration scheme, with the radius equation in
exponential form guaranteeing strict positivity at every
step. Validation by the method of manufactured solutions
confirms spatial order 2 [2] [3]. Same benchmarks tests on
the coupled system establish exact geometric conservation,

(4) Free-boundary problem mass conservation to machine precision, and unconditional

positivity under non-monotone radius dynamics [4].
Applied to realistic biological scenarios, the scheme
captures aggressive growth, transient equilibrium, and
therapeutic shrinkage, demonstrating its ability to simulate
realistic tumor evolution while preserving physical
constraints [5].
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