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 7 

Abstract 8 

Several advance nuclear reactors use particle-type Tristructural-Isotropic (TRISO) fuels randomly distributed in 9 

a matrix to allow aggressive operating conditions. Since those fuels are composites with randomly distributed 10 

TRISO particles in a matrix, suitable smearing methods are needed to obtain effective pellet-level 11 

thermomechanical properties for reactor design, and safety analysis. Currently available smearing methods for 12 

effective thermal conductivity assume uniform or no heat generation, thereby neglecting the random heat source 13 

distribution. By developing three-dimensional finite-element heat conduction models for randomly distributed 14 

heat generating kernels in a matrix, this study demonstrates that the consideration of a randomly distributed heat 15 

source is important in predicting the peak fuel temperature. In this study, (1) random packing of heat generating 16 

fuel particles introduces the statistical distribution of peak and average temperatures, and (2) those statistical 17 

temperature distributions are quantified. In light of this, thermal conductivity models with randomly distributed 18 

heat generating kernels are developed to predict peak pellet temperature for Fully Ceramic Microencapsulated 19 

(FCM) fuel and Cermet fuel for space propulsion. The developed methodology and models provide a practical 20 

methodology to predict statistically-informed peak and average fuel temperatures of nuclear fuel pellets of heat 21 

generating particles. The presented methodology is useful to quantify uncertainties in predicting nuclear fuel 22 

temperatures with TRISO particles. 23 

 24 

1. Introduction 25 

The Tristructural-isotropic (TRISO) fuels dispersed in a matrix are considered promising nuclear fuel 26 

candidates for several advanced reactors due to their unmatched high temperature tolerance and suitability for 27 

high burnup operations [1]. Today, several advanced reactor candidates – Fluoride-salt-cooled High-temperature 28 

Reactors (FHRs), Very High Temperature Reactor (VHTR), Fully Ceramic Microencapsulated (FCM) of Light 29 

Water Reactors (LWRs), and space propulsion reactors – are adopting TRISO fuel concepts to allow for 30 

aggressive operating conditions, economic benefits, and improved safety [2-9]. 31 

After the Fukushima accident, the recent achievements on TRISO fuel development have triggered interest 32 

to utilize TRISO fuel in LWRs or in Small Modular Reactors (SMRs) due to its superior oxidation resistance 33 

and fission product retention capabilities [10]. Oak Ridge National Laboratory (ORNL) and Ultra Safe Nuclear 34 

Corporation (USNC) proposed a TRISO-based FCM fuel concept as a potential replacement for current UO2 35 

fuel pellets of LWR nuclear fuel rods [8, 9]. In the FCM concept, the TRISO particles are embedded in a silicon 36 

carbide (SiC) matrix [11]. It is one of the accident-tolerant fuel concepts with potential enhancement on the 37 

proliferation resistance [11]. Ceramic metallic (cermet) fuel for space nuclear reactor system is another fuel type 38 
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