Premature floor failures in the hot tanks of molten salt thermal energy storage systems have been linked to the radial temperature non-uniformity that develops in the floor plate when hot salt is charged into a cooler inventory. A review of the literature shows that no study has evaluated a salt-side floor layer as a mitigation, or run the charging transient with the floor, its support stack, the foundation and the soil in one model. This thesis evaluates a temperature-homogenisation layer (THL), a refractory layer on the salt side of the AISI 347H floor. A two-dimensional axisymmetric volume-of-fluid model of a 40m tank includes the salt inventory, the floor and shell, the layered foundation with its cooling ducts, and the soil in one domain. It was validated against the floor average temperature record of the NREL failure analysis, with a maximum relative error of 2.13%. The tank is charged for one hour with salt at 560 °C into a 1m heel at 400°C, and the bare floor is compared with three refractories (0.19–2.56W/m/K) and three thicknesses (0.5–2.5in). A layer passes the study-defined target if it halves the peak 0–10 m floor gradient of the bare floor; the steepest local gradient is checked in the same way. All five layers met the span target, with reductions of 65–94%. The local test was stricter: layers of 1.5in and more reduced the steepest inner-floor gradient by 67–95%, and the 0.5in layer by only 32.5%. The layers delay and attenuate the heating of the plate, and the local reduction fell monotonically with the layer Fourier number; all tested layers with Fo ≤ 1.62 passed both tests. The layers lower the peak non-uniformity but prolong it, and under the dense layers the steepest gradient moved next to the shell, where a published structural model places the highest floor stress.
