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ABSTRACT 

This paper presents a novel fuel concept based on a coated-particle-fuel (CPF) for 
a high-performance and ultra-safe research reactor design. Unlike the conventional 
U3Si2-dispersed fuel plate, small CPFs are randomly embedded in the Al matrix. A 
CPF is composed of two components: a central fuel kernel and a thin buffer layer. 
To optimize the U loading, several types of fuel such as UO2 and UC are studied to 
achieve comparable U densities to U3Si2 or UMo based fuel. A 20 MWth pool type 
research reactor is considered to investigate the potential and characteristics of the 
new fuel concept. Neutronic analysis was performed by using the continuous 
energy Monte Carlo code Serpent. In this preliminary study, it is found that by using 
CPF, the fuel Doppler effect can be considerably enhanced, thus increasing the 
inherent safety of research reactors. A very high thermal neutron flux can also be 
achieved with the newly-proposed CPF-based fuel concept. Optimization of the fuel 
batching is currently being studied to obtain good power distribution and a higher 
achievable burnup. It can be safely concluded that the CPF-based plate fuel 
concept will provide a new way to design an ultra-safe and high-performance 
research reactor. 

 

1. Introduction 

 
Research reactors are mainly used to produce neutrons and carry out related experiments. 

The flux and spectrum of these neutron sources and availability of irradiation facilities determine 
the types of applications, and therefore the competitiveness of a research reactor. Nowadays, 
research reactors need to be considered not only as a tool to perform research activities, but 
also as assets that satisfy industry irradiation needs. Research reactors are designed to have 
competitive service parameters and to support a broad spectrum of studies in nuclear physics, 
solid-state physics, radiation material science, neutron activation analysis, neutron radiography 
of various products, silicon doping, and the production of medical and industrial isotopes. 
Research reactors can also be used as training facilities [1]. In this regard, high neutron flux is 
one important parameter that needs to be satisfied in the research reactor design.  

In addition to good performance, safety is also a design consideration for research 
reactors. For passive decay heat removal and shielding, research reactors are usually 
submerged in a large water pool. The pool reactor has been reasonably selected given its long  
history of safe and effective operation. To ensure the safety of the reactor, the fuel temperature 
coefficient (FTC) and coolant temperature coefficient (CTC) should both be negative. The 
combined effect of the fuel and coolant coefficients is the power coefficient of reactivity (PCR).   
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4.  Result and Discussion 

4.1. Preliminary Thermal analysis 

 

 The thermal analysis was mainly performed to investigate the core material temperature. 

For the thermal analysis, the axial power core distribution should be first determined. Figure 4 

shows the axial power distribution of the core generated by Serpent. The axial power 

distribution from Serpent is one of the inputs for the MATRA_P codes [8] which calculates the 

fuel, cladding, and coolant temperature distributions along the axial direction in the core. Figure 

5 shows the axial temperature profile along the average coolant channel for both types of fuel: 

UO2 and UC. The calculation conditions are summarized in table 3.  

 In the CPF based fuel, a single fuel meat is highly heterogeneous, consisting of UO2/UC 

fuel kernel, C buffer and an Al matrix which made it difficult to do the thermal analysis. In this 

preliminary study, to do the thermal analysis, the thermal conductivity is determined by using 

volume-average thermal conductivity [9], 
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where : �� = average thermal conductivuty 

                 i  = material index (UO2, UC, buffer and Al) 

   V = material volume 

 The thermal conductivity of each component is therefore temperature-dependent, which are 

modeled as follows: [10] 
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  where : b.u = burnup (GWd/MTU)  ; T = Temperature (K) 

Reactor power, MWth 20  

Coolant inlet temperature, 
o
C 40 

Coolant density, g/cm
3
 0.9923  

Coolant pressure, Bar 1.8  

Materials for coated fuel UO2/UC /C buffer/ Al 

Density, g/cm
3
 10.4/12.985/1.05//2.7 

Average Coolant/cladding/fuel temperature (UO2),
o
C 44.9/81.0/83.9 

Average Coolant/cladding/fuel temperature (UC),
o
C 46.6/82.1/84.9 

Tab 3: Calculation condition for thermal analysis 
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Position Neutron Flux (n/cm2s) 

 UO2 Based UC Based 

 Thermal Fast Thermal  Fast 

1  8.40E+13 ± 1.09E+11    9.52E+12 ± 3.72E+10  8.19E+13 ± 1.06E+11   9.55E+12 ± 3.72E+10 

2  7.65E+13 ± 1.04E+11    8.39E+12 ± 3.57E+10  7.36E+13 ± 1.02E+11   8.29E+12 ± 3.61E+10 

3  8.15E+13 ± 1.07E+11    9.22E+12 ± 3.67E+10  7.93E+13 ± 1.04E+11   9.23E+12 ± 3.69E+10 

4  7.98E+13 ± 1.06E+11    8.70E+12 ± 3.65E+10  7.67E+13 ± 1.05E+11   8.61E+12 ± 3.56E+10 

5  6.88E+13 ± 1.00E+11    7.33E+12 ± 3.34E+10  6.56E+13 ± 9.78E+10   7.16E+12 ± 3.30E+10 

6  8.89E+13 ± 1.16E+11    1.01E+13 ± 3.93E+10  8.53E+13 ± 1.13E+11   9.94E+12 ± 3.91E+10 

7  7.44E+13 ± 1.01E+11    1.01E+13 ± 3.51E+10  7.08E+13 ± 1.01E+11   7.88E+12 ± 3.44E+10 

8 
 8.82E+13 ± 1.12E+11    9.85E+12 ± 3.92E+10  8.49E+13 ± 1.11E+11   9.85E+12 ± 3.79E+10 

A  3.01E+14 ± 3.13E+11    1.23E+14 ± 2.22E+11  2.84E+14 ± 3.01E+11   1.21E+14 ± 2.19E+11 

B  2.60E+14 ± 2.89E+11    1.00E+14 ± 2.01E+11  2.47E+14 ± 2.79E+11   9.92E+13 ± 1.99E+11 

C  3.00E+14 ± 3.09E+11    1.21E+14 ± 2.22E+11  2.85E+14 ± 3.08E+11   1.19E+14 ± 2.18E+11 

D  2.87E+14 ± 2.95E+11    1.13E+14 ± 2.15E+11  2.74E+14 ± 2.96E+11   1.12E+14 ± 2.09E+11 

 

Tab 6: Neutron flux at irradiation hole located in reflector region  

 

5. Summary 

A new plate fuel concept based on a coated particle fuel is proposed to improve negative 
reactivity feedback from fuel and coolant temperature. A coated UO2 or UC fuel kernel with a 
thicker fuel meat and a larger fuel assembly is adopted in this design to increases the fuel 
volume fraction in the whole core. With the well-verified UO2 kernel, the effective fuel loading in 
a core is expected to be comparable to that of the current U3Si2 fuel. If a UC kernel is used, a 
much higher fuel loading can be achieved due to its significantly higher density. Furthermore, its 
performance is rather similar to that of the UO2 kernel. The neutronic feasibility has been 
demonstrated by considering a small 20 MWth research reactor. It has been shown that the 
Doppler feedback can be greatly enhanced with the new fuel concept and a very high thermal 
flux can be achieved by using a simple box-type fuel assembly design. It is concluded that the 
newly proposed fuel concept deserves more detailed R&D efforts and has considerable 
potential as a high-performance and ultra-safe research reactor fuel.  
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