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Abstract  [Background] Heat pipe cooled reactor (HPR) has many characteristics, such as reliability, inherent
safety, small volume, modularity, and solid core. The nuclear fuel of solid core is seriously affected by high
temperature, strong irradiation, and solid constraint when operating, which affect the heat transfer performance and
mechanical properties of the core seriously. The stress and gap heat transfer caused by the contact between monolith

and other components change nonlinearly with the increase of burnup, and they influence each other. Therefore, the
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coupled irradiation-thermal-mechanical behavior of the monolith is a complex multi-physics phenomena. [Purpose]
This study aims to develop a coupled irradiation-thermal-mechanical model to explore the characteristics of gap
variation, heat transfer and mechanics during the lifetime of solid core. [Methods] First of all, based on the geometric
parameter and material of a typical solid core of HPR with fuel rod composed of UO, pellets and 316 stainless steel
cladding, a coupled irradiation-thermal-mechanical model was developed and applied to the finite element multi-
physics field analysis software COMSOL. The calculation parameter settings mainly referred to the design
parameters of the MegaPower reactor. Then, a thermal conductivity model changing with the increase of burnup for
UO,, the gap heat transfer model and mechanical contact were introduced in the gaps in the solid core, and both
irradiation-induced deformation effect including densification and fission product swelling, and creep eftect of UO,
pellets and 316 stainless steel monolith were taken into account. Finally, the model was applied to calculating the
typical HPR and the characteristics of gap variation, heat transfer and mechanics were analyzed. [Results] Analysis
results show that pellet temperature and creep of monolith and cladding increase after complete contact between
monolith and cladding. A smaller average number of heat pipes around the fuel rod result in higher temperature and
stress distribution in the nearby area, and the cladding in this area has a risk of creep failure during its lifetime caused
by internal pressure of the fuel rod and contact pressure between the monolith and cladding. [Conclusions] The gap
contact can affect the heat transfer and mechanical properties of the solid core of HPR, and even result in an increase
in the risk of cladding failure.

Key words Solid core, Coupled irradiation-thermal-mechanical, Fuel rod, Gap heat transfer, Numerical simulation
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Table 1 Geometric parameter and material of solid core

2% Parameters 276 [ Parameter range #{H Value

#X K} FL L 1% Fuel channel hole outer diameter / mm 10~30 19.5

PRI 22 7] 7] 2 Fuel-to-fuel pitch / mm 10~40 22.0

WKL 5T 5 B Fuel cladding thickness / mm 1~2 1.5

A FLE 12 HP hole diameter / mm 10~30 20.5

HE AL 58 )5 Pipe wall thickness / mm 1~2 1.5

S K} Fuel material uo, uo,

FEAR 55448 Monolith, cladding material 316 ANE54M Stainless 316 316 INe%5 4N Stainless 316
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Table 2 Calculation parameter for solid core

115 2% Calculation parameters {& Values
O H I % FE Power density / W-em™ 10

753 Cycle length / a 5
UO, % J& Density of UO, / g-cm™ 10.52
UO, Jii i Mass of UO, / kg 210

#AFE Burnup / MWd-kgU™ 2

AT IBAT IR JE HP isothermal temperature / °C 675
PRRLE I 78 S48 Rod fill gas He

KB K 77 Gas pressure / MPa 2
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