Project Title: Nexus of Neutronics-Thermal Fluid Analysis for Optimizing
Centrifugal Nuclear Thermal Propulsion

Project Summary: This project is focused on conducting a preliminary
optimization study of Centrifugal Nuclear Thermal Propulsion (CNTP) engines,
examining both reactor physics and thermal-fluid dynamics. The next chapter of
human space exploration to our solar system and beyond requires highly efficient
propulsion systems. Among various designs, fission nuclear thermal propulsion
(NTP) stands out for its high thrust and high specific impulse (/sp). Recently, the
global consent to nuclear non-proliferation and the Comprehensive Nuclear-Test-
Ban Treaty (CTBT) pivoted away from using high-enrichment uranium (HEU) in
nuclear reactor cores. This shift promotes the adoption of High Assay Low
Enriched Uranium (HALEU) fuel across nuclear reactor designs. With HEU no
longer a viable option, increasing the temperature gradient is the key to improve
Isp. As such, CNTP with a liquid core design has gained significant attention from
NASA. CNTP uses an array of fast-spinning cylinders that confine high-
temperature molten uranium. When propellant is injected into the molten fuel as
bubbles, a temperature of over 5,000K can be achieved. The extremely hot
propellant helps the engine to reach an impressive /s, of 1,800s, tripling that of
the most efficient chemical propulsion system.

Although CNTP designs have undergone investigation, there is a lack of
thorough optimization and parametric studies for maximizing /sp. The missing
piece is associated with developing accurate multi-physics simulations of CNTP
systems. Our proposed study will fill this knowledge gap by first developing
computational models combining reactor physics and thermal-fluid simulations
that accurately capture the system behavior of the CNTP core. Subsequently, we
will use the validated models to find the optimal parameters for reactor design to
achieve maximum heat transfer from the fuel to the propellant. This preliminary
optimization of the current CNTP design will offer insights into future research
directions by identifying areas where further detailed optimization or data
collection is needed.
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