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Abstract -The flow across the rod bundles in reactor pressure vessel is an essential design consideration of nuclear 

power plants. Experiments and CFD simulations are both effective methods for the rod bundles design and flow 

mixing analysis. CFD methods have the advantage of timesaving and cheaper, while experiment data is more 

reliable. Different turbulence models can be chosen in CFD simulation and the results are sensitive to the choice. So  

two kinds of turbulence model were investigated in this paper to evaluate their applicabilities in rod bundles CFD 

simulation. They are RANS and LES. The results were compared to experiment data, and the experiment is the flow 

in 3x3 rod bundles. The comparison between the CFD simulation and experiment data was shown in this paper for 

validation. The results showed that although there were some difference between the simulation and experiment, 

RANS and LES are both effective methods in nuclear engineering for simulating flow around rod bundles of fuel 

assembles. LES simulation can predict the velocity’s peak value better and can be used for rod bundles design in 

nuclear design and research. 
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1. Introduction 
 High performance of rod bundles’ heat exchange is important to Pressurized Water Reactors’ fuel 

assemble design. CFD simulation is required to simulate the flow structure in order to understand and 

analysis the detail of the turbulence, mixing flow, velocity profile around rod bundles, as previously 

shown (Mimouni et al., 2010, Chandra et al., 2011). 

 Although CFD has been used as a tool for analysis of reactor systems for more than 35 years(Smith 

et al., 2005), the spread use of CFD for designing a reactor is still limited. Whether the results of CFD 

simulation are accurate, it is still always in doubt. One reason is that CFD results are sensitively 

influenced by CFD users’ experiences or choices. So more and more validation works have been done by 

many researchers(Farkas et al., 2010, Rezende et al., 2012).  The most reliable validation is comparing 

simulation results with analytic solutions in theory or experiment data. 

 In this paper, a 3x3 rod bundle experiment (Xiong et al., 2014) was used to validate the simulation 

results. The objective of this paper was to evaluate the turbulence model choice in simulating the flow 

field around rod bundles of fuel assemble in reactors, and with the aid of experiment validation to find a 

proper turbulence model for engineering and research. 

 

2. Introduction of Experiment and Simulation Methods 
 
2. 1. Experiment Introduction 

 The 3x3 rod bundle experiment simulated in this paper is the facility installed in Shanghai Jiao Tong 

University. The facility full of water is used to validate the nuclear lumped methods codes for Pressurized 

Water Reactors. There are measuring window and Laser Doppler Velocimetry(LDV) system to measure 

the detail of water flow field at 1 atm. So the experiment data can also be used to validate CFD methods. 

The test section is shown in Fig1. (Xiong et al., 2014) 
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Fig. 1. 3x3 rod bundle test section(Xiong et al., 2014) 

 

 The bundles’ length is 1.5m, their diameter is 9.5mm and the distance between bundles is 3mm. 

There are three grid spacers along bundles in every 0.48m. The bundles were fixed by the grid spacers. 

Another function of the spacers is enhancing the flow mixing among bundles, so that the bundles in a real 

reactor will have good performance for heat exchange. So there are highly mixing and remarkable 

turbulence flow in the experiment flow field. 

 There is an observation plane, which is shown in Fig2, can be detected through measuring window. 

The plane, which locates 72mm above the outlet fixing device, is perpendicular to the measuring window. 

Through the window, axial velocity on the observation plane can be measured by LDV. 

 

 
Fig. 2. the position of observation plane 

 

 There are some observation lines on the observation plane. They are lines at y=1.25mm, 2.25mm and 

so on. The coordinate axis is shown in Fig3. Z axis is towards mainstream direction. The axial velocity 

profile on the observation lines can be obtained . And also there are some subchannels called SC1, SC2, 

SC3, SC4. They are shown in Fig3. 

 

2. 2. Simulation Methods 
 The flow investigated in this paper is isothermal. So the governing equations are mass and moment 

equation respectively (ANSYS,Inc,2008). The flow medium is water at 1atm. 

 
∂𝜌

∂𝑡
=  −∇ ∙ (𝜌 𝐮) (1) 

 

𝜌 (
𝜕

𝜕𝑡
+ 𝐮 ∙ ∇) 𝐮 =  −∇𝑃 +  𝜌𝐠 (2) 
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Fig. 3. the position of the observation lines 

 

 Two kinds of calculation domain were used in our simulation. The different calculation domain are 

shown in Fig4.  

 

  
4.a)whole domain for simulation 4.b)part domain for simulation 

Fig. 4. two kinds of calculation domain 
 

 CFX was used to simulate the flowfield. ICEM was used to generate three kinds of mesh. They were 

coarse mesh, medium mesh and fine mesh. The three kinds of mesh’s informations are shown in table1. 

 
Table. 1. three kinds of grid 

 

Mesh Elements  amount Domain Thickness of 1
st
 layer 

Coarse mesh 3 437 863 Same as fig1.a 0.5mm 

Medium mesh 5 077 233 Same as fig1.a 0.2mm 

Fine mesh 19 404 362 Same as fig1.b 0.03mm 

 

 The difference between medium mesh and fine mesh on cross section is shown in Fig5. The three 

kinds of grid were used to investigate the mesh sensitive. 

 The turbulence models used were BSL and LES WALE. BSL is one kind of RANS model. When the 

RANS model was used, the simulation was steady. While the LES was used, the simulation was transient. 

The simulation condition was one of experiment condition at Re=15200. 

 When the BSL model was used, the results from fine mesh calculation had the best performance  

compared with experiment data. Because of our computing resource didn’t satisfied the requirement of 

fine mesh LES calculation, we use medium mesh to simulate LES model. 
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5.a) medium mesh 5.b)fine mesh 

Fig. 5. medium mesh and fine mesh on cross section 

              

3. RANS Simulation Results and Experiment Validation 
 RANS turbulence model was used first, and the dimensionless axial velocity contour compared with 

experiment seemed to be almost the same. The experiment and simulation contour are shown in Fig6. 

(Xiong et al., 2014) 

 

 
Fig. 6. Comparison of dimensionless axial velocity contour in observation plane between LDV experiment 

and CFD results 
 

 But when the quantitative comparison on the observation lines was investigated, some obvious 

difference can be found, which is shown in Fig7. On line y=2.25mm axial velocity prediction of 

simulation was much smaller than experiment in domain between SC3 and SC4. On line y=13.15mm and 

y=14.25mm axial velocity prediction of simulation was larger than experiment in subchannel SC2. The 

location of lines and subchannels are shown in Fig2 and Fig3. 

 

4. LES Simulation Results and Experiment Validation 
 Peak values of axial velocity on observation lines were not predicted well when the RANS turbulence 

model was used. So the LES turbulence was used to expect obtain better simulation data. 

 When the LES turbulence model was used, the peak value of axial velocity’s prediction was much 

better than RANS turbulence model. But there were some deviation in the domain near experiment 

facility wall. This was caused by boundary layer not small enough. But when calculation resource was 

limited, we had to consider more efficient grid. And medium mesh was used to simulate LES turbulence 

model. So the axial velocity’s prediction near wall was not as good as expected. 

 The fluctuation of axial velocity’s contour based on LES transient simulation is shown in Fig9.b), 

compared with RANS steady simulation. The steady contour was different to transient contour obviously. 
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7.a) profile on line y=1.25mm 7.b) profile on line y=2.25mm 

  
7.c) profile on line y=13.15mm 7.d) profile on line y=14.25mm 

Fig. 7. dimensionless axial velocity profile for RANS on observation lines 
 

  
8.a) profile on line y=1.25mm 8.b) profile on line y=2.25mm 

  
8.c) profile on line y=13.15mm 8.d) profile on line y=14.25mm 

 Fig. 8. dimensionless axial velocity profile for LES on observation lines 
 
5. Conclusion 
 The experiment of 3x3 bundle flow for nuclear bundle design research was simulated by CFX. The 

performance of RANS and LES turbulence models for simulating flowfield around bundles were 

investigated. The simulation results were validated through comparing the experiment data. 

 The CFD contour results showed that reasonable results could be obtained by use of RANS 

turbulence model. But axial velocity peak value in some domain didn’t have good agreement with 

experiment data. 
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9.a) RANS contour                               9.b)LES contour 

Fig. 9. axial velocity contour based on different turbulence model 

 

 The LES turbulence model was more accurate for predicting the axial velocity. But when the 

calculation resource is limited, more attention should be paid on the prediction results near walls, 

especially for the boundary layer grid. 

 Although simulation results was some sensitive to the turbulence model choice, both RANS and LES 

were highly recommended. Because reasonable results can be obtained no matter which model is chosen. 

RANS can be used for fast and efficient engineering simulation, while LES can be used for accurate 

research or design. 
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