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ABSTRACT 

 

Even with the advances of hardware in computer sciences, sometimes it is necessary to simplify the simulation 

in order to optimize the results given the same calculation runtime. The object of this study is a thermodynamic 

analysis of the core of a pool type research reactor, focusing on natural circulation.  Due to the high geometrical 

complexity of the core, the scale transfer process becomes an essential step to the thermodynamic study of the 

reactor. This process takes place by determining the effective equivalent properties obtained from a detailed 

simulation of the core and transferring them to a porous medium having a coarse mesh while preserving the 

overall characteristics. In this way, it will be able to obtain the quadratic resistance coefficient KQ by calculating 

the pressure drop inside the fuel element. To observe in detail the behavior of this flow, longitudinal and 

transversal cross sections will be made in different points, thereby observing the velocity and pressure 

distributions. The analysis will provide detailed data on the fluid flow between the fuel plates enabling the 

observation of possible critical points or undesired behavior. The whole analysis was made by using the 

commercial code ANSYS CFX ver. 12.1. This is study will provide data, as a first step to enable future 

simulations which will consider the entire reactor. 

 

 

 

1. INTRODUCTION 

 

Pool type reactors that use natural circulation and passive cooling are highly dependent on the 

geometry of its components, since the water should flow easily throughout the nucleus in 

order to cool it down. In this context, parameters as: power, neutron flux, water flow and 

geometry that should be studied, so such design features can be known and conformed to the 

project targets. Being familiar with the behavior of the flow of water within the fuel element 
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enables to predict the temperature distribution, estimate possible critical points and 

undesirable behavior so as to analyze the scenario as whole.  

 

The pressure drop is defined as the difference of pressure between two points in fluid 

transport system. The pressure drop increases proportional to the shear forces within the 

network. The larger the numbers of physical barriers which hinder the fluid flow, the larger 

the pressure drop. This is exactly what happens in this case, once the fuel element is 

composed by several parallel plates sustained by lateral supports, which leads to the formation 

of innumerous narrow channels where the coolant passes. Therefore, the friction between the 

water and the wall plates will have great importance. 

 

The modern computer modeling techniques allow the description of the complex geometry of 

a pool type reactor at a detail level sometimes incompatible with the computing capacity of 

available computers. Due to the high geometrical complexity of the core, the scale transfer 

process becomes an essential step to the thermodynamic study of the reactor. This process 

takes place by determining the effective equivalent properties obtained from a detailed 

simulation and transferring them a porous medium having a coarse mesh while preserving the 

overall characteristics. 

 

 

2. OBJECTIVES 

 

A nuclear research reactor is composed of sophisticated geometric structure. If it was made a 

single model containing all the details, a simulation of high complexity would be created, 

which implies great computational cost. Given this situation, it was decided to subdivide the 

simulation into two parts. The first, whose product is the target of this study, is to generate a 

global coefficient of pressure drop in the nucleus from a detailed model of the fuel element. 

The second part – left for a further work – will be to model the entire reactor and use this 

coefficient to represent the pressure in the nucleus. This feature reduces the complexity of the 

simulation reactor without loss of information. 

  

To observe in detail the behavior of this flow, longitudinal and transversal cross sections will 

be made in different points, thereby observing the velocity and pressure distributions. On the 

basis of this information, one can predict possible critical points inside the element. That is, 

the points where the flow velocity is low, thus heat removal and where vortexes are 

generated. 

 

 

3. METODOLOGY 

 

3.1. Symmetry 

 

In 3D modeling, the symmetry planes allow the reduction of domain size, optimizing and 

simplifying the simulation analysis. The simple definition of this plan will increase the grid 
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resolution for the same CPU runtime. In the present case, we adopted the ¼ symmetry as 

shown in Figure 1. 

 

 
 

Figure 1: ¼ symmetry of the fuel element. 

 

3.2. Porous medium 

 

In the present case, the target is to calculate the quadratic resistance coefficient KQ by the 

formulation of a porous medium [1] to replace the friction forces due to the core geometry. Its 

definition is a solid with voids distributed more or less uniformly throughout the bulk of the 

body. So, the reactor core will be considered a porous medium to simplify and optimize 

further calculations, since there’s no need to consider its complex structure in order to 

simulate the natural convection in the reactor pool. 
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Where 
  

  
⁄  stands for the pressure drop and U is the velocity. 

 

(1) 

 

(2) 

3.3. Turbulence Models 
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The baseline two-transport-equation model solving for kinetic energy k and turbulent 

dissipation ε [2]. Turbulent dissipation is the rate at which velocity fluctuations dissipate. This 

is the default k–ε model. Coefficients are empirically derived; valid for fully turbulent flows 

only. In the standard k- ε model, the eddy viscosity is determined from a single turbulence 

length scale, so the calculated turbulent diffusion is that which occurs only at the specified 

scale, whereas in reality all scales of motion will contribute to the turbulent diffusion. The k- 

ε model uses the gradient diffusion hypothesis to relate the Reynolds stresses to the mean 

velocity gradients and the turbulent viscosity. Performs poorly for complex flows involving 

severe pressure gradient, separation, and strong streamline curvature [3]. The author’s self-

investigation for flow through a pipe is consistent with the statements that this model is valid 

for flows without separation and for fully turbulent flow, which doesn’t fit our case. 

 

The k–ω model considers two-transport-equation model solving for kinetic energy k and 

turbulent frequency ω. This model allows for a more accurate near wall treatment with an 

automatic switch from a wall function to a low-Reynolds number formulation based on grid 

spacing. Demonstrates superior performance for wall-bounded flows. Shows potential for 

predicting transition. As the previous model, the k–ω model also uses the gradient diffusion 

hypothesis. Solves one equation for turbulent kinetic energy k and a second equation for the 

specific turbulent dissipation rate (or turbulent frequency) ω. 

 

Finally, the adopted model was the Shear Stress Transport (SST). Because it is a variant of the 

standard k–ω model which combines the original k- model for use near walls and the 

standard k–ε model away from walls by the means a blending function, and the eddy viscosity 

formulation is modified to account for the transport effects of the principle turbulent shear 

stress [4]. The transition and shearing options are borrowed from standard k–ω.  

 

3.4. Simulation data and boundary conditions 

 

The stationary analysis was made based considering the parameters in table 1. 

 

Table 1. Simulation Data 

Domain material: Water 

Temperature 25°C 

Morphology Continuous 

Reference pressure 1,000 atm 

Heat transfer model Isothermal 

Turbulence model SST 

Mass flow rate 0,227 kg/s 

 

This mass flow rate was adopted from a previous simulation where the entire pool of the 

reactor was considered in the moment when the reactor is shut down, thus the pumps are 

turned off and the natural convection takes place in the cooling of the core. The wall surfaces 

are assumed to be smooth and no-slip conditions.  
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3.5. Mesh generation 

 

The grid of the fuel element was generated by using the CFX-MESH 12.1 software. The three 

dimensional mesh was created using advancing front and inflation 3D according to the 

following parameters shown in Table 2. 

 

Table 2: Inflation parameters 

N° of inflated layers 10 

Expansion factor 1,2 

Minimum internal angle 2,5° 

Minimum external angle 10,0° 

 

Considering the reduced width of the channels (2,45mm) compared to the length (600mm) the 

cell size could not be reduced because sliver faces would be generated. A sliver face may 

result in an undesirable mesh. In Figure 2 we are able to see the created mesh. 

 

 
Figure 2: Detail of the mesh. 

 

There were generated 8449680 nodes and 7093548 elements. For the convergence, there were 

set a maximum of 200 iterations with the criteria of 1E-7 RMS. All the calculations were 

produced by the code Ansys CFX 12.1, using a cluster formed by 12 CPUs containing 12 

cores each at 3.0 MHz  

 

 

4. RESULTS 
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The results were made focusing the analysis of the pressure and velocity distributions inside 

the fuel element. Figure 3 shows a complete image of the fuel element highlighting the 

pressure along the water channels. 

 

 
Figure 3: Pressure along the fuel element. 

 

The next images, Figure 4 and Figure 5, show a zoom of the pressure and velocity distribution 

respectively, at the input of the fuel element. 

 

 
Figure 4: Pressure at the input of the fuel element. 
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In Figure 4, the first coolant channel, considering the upside down direction, doesn’t show a 

significant pressure drop, meaning that the velocity inside of it has not been increased as in 

the other channels. In Figure 5, the velocity distribution is plotted. 

 
Figure 5: Velocity distribution at the input of the fuel element. 

 

Figure 6 shows the velocity distribution at the output. 

 

 
Figure 6: Velocity distribution at the output of the fuel element. 

 

It can be noted in Figure 6 that vortexes are formed in the end of the fuel plates where the 

flows are reattached. 



INAC 2013, Recife, PE, Brazil. 

 

 

The total pressure drop calculated between the input and the output was 241,7 Pa. 

 

5. CONCLUSIONS 

 

The results show to be in good agreement with the expected behavior of the fluid inside the 

fuel elements. The effects of the pressure drop could be clearly noticed in the model. The 

behavior of the fluid inside the fuel shows that the first channel won’t have a good cooling 

efficiency due to the low flow velocity. This effect is due to the shear currents in the near 

wall, given that this channel is the one that is closer the fuel wall. This could generate an 

overheating of the surrounding fuel plates. 

 

Another fact that should be noticed is the formation of the vortexes in the end of the fuel 

plates. On those points the velocity is close to zero, thus the heat removal. This can become a 

problem given that this is the region where the coolant should reach one of the highest 

temperatures in the fuel, since it has been heated all way along the fuel. 

 

Besides these two side remarks, the main goal was reached: the pressure drop has been 

calculated and now it will be possible to generate a precise quadratic resistance coefficient to 

be used in the porous medium. Accurate data will be provided in order to enable the 

simulation of the entire reactor. 
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