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Reducing greenhouse-gas emissions while meeting rising sustainable-energ

positions nuclear energy as a key low-carbon solution. As interest in constructing new
reactors and extending plant lifetimes grows, the demand for rigorous, thermal-hydraulic
safety analysis across both power and research reactors has intensified. This thesis presents
OpenTHY, an in-house thermal-hydraulic code for nuclear reactor analysis. The initial
capability implements single and average channel models that are extensively verified and
validated against the reference PARET/ANL code and experimental data across several power
conditions.

Building on this foundation, OpenTHY was extended to cover full-core applications,
providing subchannel-resolution predictions of safety critical parameters, fuel centerline
temperature, coolant temperature, and the minimum departure from nucleate boiling ratio.
Two representative reactors are investigated: the open-pool Moroccan TRIGA Mark 11, for
which a first detailed analysis at LMW is performed based on a detailed MCNP model; and
the pressurized-water SPERT-III E-core at 20MW, representative of commercial PWR
thermal-hydraulic conditions. For the latter, a high-fidelity neutronic model is developed in
OpenMC, derived from a recently updated IAEA benchmark, with particular attention to
reproducing the initial conditions of the experimental transient Test 48 via negative reactivity
insertion. Across both systems, OpenTHY reproduces measured data and benchmark
calculations in good agreement, demonstrates adequate cooling performance under natural
(TRIGA) and forced (SPERT) convection regimes. To broaden accessibility, a graphical user
interface is developed to facilitate model setup, execution, and post-processing, enabling non-
programmers to run, and analyze cases efficiently.

By coupling careful Validation and verification with pin-subchannel resolution and an
open, extensible design, OpenTHY offers a reproducible, free alternative to commercial tool,
strengthening the autonomy of academic and research institutions and improving confidence
in safety limits through finer spatial fidelity. Overall, the validated framework establishes
OpenTHY as a robust tool for high-fidelity thermal-hydraulic modeling and forthcoming
transient studies.
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