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The aim of this study was to evaluate the technical
characteristics and applicability of helical cruciform
fuel-based small modular reactors for naval
propulsion. Helical cruciform fuel improves heat
transfer and coolant mixing, enabling compact,
high-power-density reactor designs suitable for
integrated power systems. Despite these advantages,
challenges including pressure drop, manufacturing
complexity, and regulatory constraints remain. Further
experimental validation and technological
development are required for practical naval
applications.
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Fig. 1. Geometry and structural configuration of helical
cruciform fuel, showing the four-lobed cross—section
and helical twisting structure
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Fig. 2. Representative PIV contour maps of flow sta-
tistics (Turbulent regime). (a) Lateral mean velocity, (b)
Verticalmean velocity, (c) Root-mean-square fluctua-
tion of the lateral velocity, (d) Spanwise vorticity, (e)
Turbulent kinetic energy, and (f) Reynolds shear stress
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Fig. 3. Geometry and structural configuration of helical
cruciform fuel, showing the four-lobed cross-section
and helical twisting structure

Table 1. Performance comparison of UO,, MOX, and HCF

Cylindrical
[tem U0, MOX HCF
Fuel uo; Pu-UO2 U-50Zr
Peak temp.(°C) 1,231 - 357(-71%)
Cladding Stress _
(MPa) 91 409(x4.5)
Heat Trans;‘er Area 596.75 _ 802.20(+34%)
(cm?)
Flow Area (cm?) 0.8779 - 1.2050(+37%)
CHF (kW/m?) 963 - 854(-11%)
MDNBR 1.34 - 1.60(+19%)
Power uprate +32% - +60%(x1.9)
Initial Pu(g) - 89 200(x2.25)
Final Pu(g) - 59 34(-42%)
Plutonium
Reduction (%) 34 83(x2.4)
Burnup (MWd/tHM) 44,000 190,900(x4.34)
Transverse velocity - - x40
Fuel Swelling Low - +10 vol.%

Note. HCF = helical cruciform fuel; Pu = plutonium. Parenthetical
values are relative to cylindrical UO, fuel, except Pu-related values,
which are relative to MOX fuel.
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Fig. 4. Conceptual diagram of a nuclear-powered naval
propulsion system based on a pressurized water reactor
(PWR), illustrating the primary and secondary circuits
and electric propulsion system
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Fig. 5. General arrangement of a nuclear-powered ves—
sel, showing the spatial distribution of reactor, tur-
bo-generator, diesel generators, and auxiliary systems
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Fig. 6. Comparison of average void fraction and wall
maximum temperature along the axial direction between
cylindrical fuel and helical cruciform fuel
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maximum and average operating temperature ranges
and thermal stability characteristics of metallic fuel
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Fig. 9. Comparison of fuel composition and enrichment
between conventional UO; fuel and helical cruciform fuel
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