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ABSTRACT 

CANDU type reactors use fuel channel in a horizontal lattice. The fuel bundles are positioned in 
two Zircaloy tubes: the pressure tube surrounded by calandria tube. Inside the pressure tube the 
coolant heavy water flows. The coolant reaches high temperatures and pressures. Due to irregular 
neutron spatial distribution, the fuel channel stress differs from one channel to other. In one 
improbable event of severe accident, the fuel channel behaves differently according to its normal 
function history. Over the years, there have been many research projects trying to analyze thermal 
hydraulic performance of the design and to add some operational improvements in order to achieve an 
efficient thermal hydraulic distribution. This paper discusses the thermo hydraulic behavior (influence 
of the temperature and velocity distribution) of the most solicited channel, simulated with Fluent 6.X. 
Code. Moreover it will be commented the results obtained using different models and mesh applied. 

 
 

1 INTRODUCTION 

CANDU (Canada Deuterium Uranium) reactors are heavy-water cooled and moderated, and 
utilize natural-uranium UO2 fuel.  

CANDU fuel is of very simple design. It is manufactured in the form of elements of length ~48 
cm.[1] Each element consists of uranium-dioxide pellets encased in a Zircalloy sheath. A number of 
fuel elements are assembled together to form a bundle of length ~50 cm.[1] The elements are held 
together by bundle end plates.  

Various fuel-bundle designs are used in CANDU reactors, but the most used design is the 37-
element bundle (see figure.1) 
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Figure 1 – CANDU fuel bundle [2] 

 
The fuel is in the form of half-meter-long cylindrical bundles, containing 37 clustered elements. 

Twelve bundles sit end-to-end within a pressure tube, roughly six meters long, through which 
pressurized heavy-water coolant is circulated. Several hundred pressure tubes form the fissile core, 
within a horizontal tank (the "calandria") of low-pressure heavy-water moderator. CANDU reactors are 
continuously refueled at full power, using remotely-operated machines that connect to individual fuel 
channels. 

 
Thermal hydraulically, the core of most CANDU reactors is divided into two halves, with the 

divider line running vertically down the centre of the reactor face. Each half represents a separate 
coolant circuit. Heavy water coolant is supplied to the pressure tubes in each circuit via large headers 
at each end of the calandria, one pair of headers (inlet/outlet) for each half of the core. The subdivision 
of the core into two circuits, plus the fine subdivision into hundreds of interconnected pressure tubes, 
greatly reduces the effect of a potential LOCA (Loss-of-Coolant Accident) . 
 

This paper will discuss the thermo hydraulic behavior (influence of the temperature and velocity 
distribution) of the most solicited channel, simulated with Fluent 6.X. Code. Moreover it will be 
commented the results obtained using different models and mesh applied. 

 
 

2 FLUENT CODE 

FLUENT is a state-of-the-art computer program for modeling fluid flow and heat transfer in 
complex geometries. FLUENT provides complete mesh flexibility, solving flow problems with 
unstructured meshes that can be generated about complex geometries with relative ease.  

The FLUENT solver has the following modeling capabilities: [3] 
 flows in 2D or 3D geometries using unstructured solution-adaptive 

triangular/tetrahedral, quadrilateral/hexahedral, or mixed (hybrid) grids that include 
prisms (wedges) or pyramids. (Both conformal and hanging-node meshes are 
acceptable.) 

 incompressible or compressible flows 
 steady-state or transient analysis 
 inviscid, laminar, and turbulent flows 
 Newtonian or non-Newtonian flow 
 convective heat transfer, including natural or forced convection 
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 coupled conduction/convective heat transfer 
 radiation heat transfer 
 inertial (stationary) or non-inertial (rotating) reference frame models 
 multiple moving reference frames, including sliding mesh interfaces and mixing planes 

for rotor/stator interaction modeling 
 chemical species mixing and reaction, including combustion submodels and surface 

deposition reaction models 
 arbitrary volumetric sources of heat, mass, momentum, turbulence, and chemical 

species 
 phase-change models 
 flow through porous media 
 lumped-parameter models for fans, pumps, radiators, and heat exchangers 

 
These capabilities allow FLUENT to be used for a wide variety of applications, including the 

following: [3] 
 Process and process equipment applications 
 Power generation and oil/gas and environmental applications 
 Aerospace and turbomachinery applications 
 Heat exchanger applications 
 Materials processing applications 

 
 
The Turbulence model is chosen from the following options [4]: 
 

 Spalart-Allmaras model 
 k- ε models 

o Standard k- ε model 
o Renormalization-group (RNG) k- ε model 
o Realizable k- ε model 

 k – ω models 
o Standard k-ω model 
o Shear-stress transport (SST) k-ω model 

 Reynolds stress model (RSM) 
 Large eddy simulation (LES) model 

 
The choice of the turbulence model is depending on physics encompassed in the flow, the 

level of accuracy required, the available computational resources, and the amount of time available for 
simulation.   

 

3 PROBLEM DESCRIPTION 

The analysis has been conducted on the most stressed channel, from the thermal point of view, 
from a CANDU type nuclear power plant and can be considered only for that type of channel. Different 
types of meshing procedures have been investigated but only the best suitable one is commented. 
Choosing of mesh type can have a relative strong influence over results especially because the 
volumes implied in the analysis have different geometries. On the one hand there are the tube type 
geometries represented by the pressure tube, calandria tube and fuel elements “tubes” and on the 
other hand there is the water surrounding the tubes.  

The structure of the channel as designed with gambit can be seen in Figure 2 
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Figure 2. Shape of the fuel channel as designed in Gambit 
 
 
The boundary limits imposed in the model and the technical data of the flow channel are 

presented in Tables 1 and 2. 

Table 1 – Fluent Boundary conditions 

Characteristics Value
Mass flow rate [kg/s] 26.08 
Inlet temperature [K] 539 
Inlet pressure [bar] 105 
UO2 temperature [K] 1209 
Turbulence [%] 4 
Fluent solve model k-ε 

 

Table 2 – CANDU channel -  geometry data 

Characteristics Value 

Fuel channel diameter [m] 0.1024 

Element number 37 

Fuel pellet diameter [m] 0.012 

Gap thickness [m] 0.05*10-3

Cladding thickness [m] 0.42*10-3



Proceedings of the International Youth Nuclear Congress 2008 
 
 
 
 

134.5 
 
 
 
 

 
The selected solver was k-ε, a simple but robust one which implies the use of two-equation 

model to determine the turbulent velocity and length scale independently from two separate transport 
equations. Due to the fact that the flow inside the channel is far from laminar, the model implied the 
use of turbulent flow considerations. Also in some cases, at the outlet of the channel a bi – phase flow 
can occur. This was not considered here.  

For all flows, FLUENT solves conservation equations for mass and momentum. For flows 
involving heat transfer or compressibility, an additional equation for energy conservation is solved. 
Additional transport equations are also solved when the flow is turbulent. 

 
Conservation of mass in the flow channel can be described with the following general equation:  
 

( ) mSu
t

=∇+
∂
∂ ρρ

            (1) 

 
Sm represents the mass that is added to the conservation of mass equation for example due to 

vaporization of the liquid. 

The conservation of momentum is described by the following equation: 

( ) ( ) MSupuuu
t

+∇+−∇=∇⋅
∂
∂ 2μρ       (2) 

 
For the energy equation, by default, FLUENT solves the following form of the energy equation 
[4]: 
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4       CONCLUSIONS 

When considering the boundary limits the inlet and the outlet of the fuel channel and applying to 
these boundaries the known values for the temperature, it was interesting to observe how the heavy 
water behaved inside the channel. 

From Figure 3., The mass imbalance for the whole channel can be observed. As expected at 
the outlet of the channel a clear influence of the temperature can be noted.  
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Figure 3. Mass imbalance along the flow field 

 
The velocity of the heavy water is shown in the following figure. Only on a small portion of the 

tube the velocity of the cooling liquid is presented. It was interesting to observe how the geometry of 
the fuel elements influenced the velocity field and from this figure can be seen than in some cases the 
velocity of the water had a really small value. 

 

 
Figure 4. D2O Velocity inside fuel channel 
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One of the most important part of the simulation was the determination of the strain that occur 

especially at the outlet of the pressure tube, where the temperature has the highest values and of 
course that portion of the tube is the most stressed from the mechanical point of view. Figure number 
5 presents only the pressure tube strain. 

 

 
Figure 5. – Fuel cannel outlet-strain rate 

 
 

NOMENCLATURE    
    

Sm Mass source term-defined according to reactions that take place  
SM Momentum source term   
p Pressure    
μ Molecular viscosity   
u velocity   
keff effective thermal conductivity   

jJ   diffusion flux of species j.   
Sh   Source term which accounts for the external heat     
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