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Аннотация. Программа COMSOL используется для моделирования температурного анализа твэлов 

и оболочек с водой в качестве замедлителя, распределения тепловых напряжений. 

 

Introduction. Energy is released from fission within the fuel tube and then moved to the fuel's surface and 

through the cladding by heat conduction. Convection transfers heat from the cladding surface to the coolant, which 

travels from the core to the external heat exchangers where steam is produced.  

The source of nuclear energy in a reactor is a nuclear fuel rod, based on the type of reactor, nuclear fuel is 

produced in various ways and serves as the reactor's main source of energy. The majority of operational 

commercial nuclear reactors employ uranium oxide (UO2) pellets as fuel [1]. 

Research methods. In this modeling, a fuel rod is made up of many pellets that are stacked and sealed at 

both ends inside metallic zirconium alloy (zircalloy) thin tubes (or cladding) measuring 0.018 m in thickness, using 

water as a moderator material [2]. 

A fine mesh produces precise numerical results in accordance with the finite element method's guiding 

principle. As a result, the fuel rod, cladding, and moderator block in the cylinder geometry were included in the 

finite element analysis, as illustrated in Figure 1. [2].  

 

              а)                      b)                   c) 

Fig. 1. Mesh analysis for a) fuel rod, b) cladding, c) moderator 
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There are three modules of physics (heat transfer in solids, solid mechanics module, and multi-physics 

coupling) used to proceed with the modeling process using COMSOL multi-physics simulation program. 

 

 

Fig. 2. Temperature COMSOL animation scan 

In this study, a heat-generating cylinder is put through a hybrid analytical-numerical thermal study with 

temperature-dependent thermo-physical properties similar to high-burn-up nuclear fuel rods. [3]. 

 

Fig. 3. Iso-surface temperature COMSOL animation scan analysis 
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Fig. 4. Thermal stress COMSOL analysis for the entire geometry of a nuclear fuel element 

Results. The temperature changes shown in the simulation results are corresponding to different neutron 

interactions throughout the entire geometry of the fuel sample. 

Conclusion. It has been observed that the pellet bias has a significant impact on the temperature of the pellet 

center but little impact on the difference in temperature between the cladding tube's interior and exterior walls. 
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