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Abstract:

Fourth-generation nuclear reactors represent a transformative advance in nuclear
technology, emphasizing enhanced safety, sustainability, efficiency, and economic
viability through the strategic deployment of advanced, highly efficient coolants. This
study examines how coolants such as molten fluoride salts, lead-bismuth eutectic
materials (LBEs), supercritical water, and helium enable fourth-generation reactors to
achieve thermal efficiencies of 44—50%, compared to 32—34% in conventional light
water reactors (LWRs). This study analyzes six reactor concepts—sodium-cooled fast
reactor (SFR), lead-cooled fast reactor (LFR), gas-cooled fast reactor (GFR), extra-high
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temperature reactor (VHTR), supercritical water-cooled reactor (SCWR), and molten
salt reactor (MSR)—demonstrating how advanced coolants enable better fuel utilization
(>50-60% of uranium resources versus ~1% in molten water reactors), enhanced passive
safety features, and expanded applications including hydrogen production and industrial
process heating. The analysis reveals that coolant selection fundamentally determines
the thermohydro-hydraulic reactor's performance, neutron characteristics, material
compatibility, safety response, and economic viability, with the optimal choice
depending on specific application requirements and deployment context.

Keywords:
(Fourth generation reactors, advanced coolants, thermal efficiency, liquid metal cooling,
molten salt systems)
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Flow driven by density
difference (no pumps)
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