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1. Introduction 
 

Computational fluid dynamic (CFD) is 

generally adopted for design process of a very high 

temperature reactor (VHTR). For this, benchmarking 

a CFD code is necessary for in reliability of the 

analysis. A study by Ridluan and Tokuhiro [1] shows 

that all the typical turbulence models do not 

sufficiently reproduce flow phenomena. Thus, a need 

is raised to confirm these limitations of a CFD before 

application to Korean VHTR problems. In this work, 

two typical validation cases such as a backward step 

and a tube bundle array are analyzed by using 

FLUENT [2] and they are compared with existing 

analysis and experimental data for reattachment 

lengths and local velocity profiles. 

 

2. Methods and Results 
 

2.1. Backwards step 

 

Backward step flow is generally used to validate 

turbulence models in CFD. Two-dimensional 

geometry of Kim et al [3] where the expansion ratio 

(outlet height/inlet height) is 1.5 and Re number is 

44,000 based on the inlet centerline velocity and the 

step height [4] is adopted for the present analysis 

Figure 1 shows the overall picture of the geometry. 

At the inlet, a fully-developed turbulent velocity 

profile was applied (16.5m/s) at 1h upstream of the 

step and at the outlet a static pressure condition is 

applied. Quadrilateral dominant mesh is used and the 

total number of cells is 39,650. The mesh of 

recirculation zone is twice as dense as the far stream 

and the mesh around walls is three times as dense as 

the far stream. 

 

 
Fig.1 Geometry and Boundary condition of Backward step flow 

 

Following turbulence models are used to compare 

with existing LBM results by Teixeira [5]. 

- Standard k-ε 

- Standard k-ε with pressure-gradient 

extended law-of-the-wall (PGE-LW) 

- RNG k-ε with PGE-LW 

 

 The velocity streamlines thus obtained is shown in 

Fig.2. The locations of the reattachment points (XR/h) 

obtained are 5.1, 6.3 and 10.2 for standard k-ε, 

standard k-ε PGE-LW and RNG k-ε PGE-LW, 

respectively. These results somewhat differ from the 

experimental findings of Zhou et al [6] who reported 

XR/h= 7.0 ± 0.5. Furthermore, existing results from 

lattice Boltzmann method (LBM) [5] differ from the 

data except the RNG k-ε PGE-LW model. 

 

 
Fig.2 (a) Present standard k-ε PGE-LW (b) RNG k-ε PGE-LW by 

LBM [5] 

 

Table І summarizes the computed and experimental 

values. Standard k-ε PGE-LW model gives 

reattachment length closest the experiment, which 

under-predicts the experimental value by 10.0%. 

Standard k-ε model gives slightly lower valves but 

applying the PGE-LW model increased the 

reattachment length by about 23.5% to the direction 

of the experimental value. For the RNG k-ε PGE-LW 

case, reattachment length is too long. Although the 

present results differ from existing experimental data, 

the reasonable accuracy of standard k-ε PGE-LW is 

confirmed by comparing with existing analyses [5, 6]. 

 

Table І: Reattachment length 

Model 

 

Standard 

k-ε 

Standard 

k-ε PGE-
LW 

RNG k-ε 

PGE-LW 

LBM [5] 6.1 6.3 7.2 

Present 5.1 6.3 10.1 

Zhou’s analysis [6] 6.1 6.4 6.7 

Zhou’s Exp. [6] 7.0 ± 0.5 

  

 

2.2. Staggered tube bundle 

 

 The original tube array geometry and the analysis 

cell used in this analysis is shown in Fig. 3 (tube 

diameter = 21.7mm, pitch = 45mm [7]). The 
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Reynolds number is 18,000 based on the diameter 

and the properties of liquid water. Quadrilateral 

dominant mesh is used as well and the total number 

of cells is 42,952 and steady calculation is performed. 

The standard k-ε turbulence model is applied to 

compare present results with existing analysis [1] and 

the experiment [7]. Experimental mean velocity 

upstream of the array is 1.06m/s and the maximum 

speed around rods in domain is 3.06m/s [7]. 

 

 
Fig.3 Geometries of the actual and simplified staggered tube 

bundle array by Ridluan and Tokuhiro 

 

Figure 4 shows present steady velocity contours 

compared with existing unsteady analysis of Ridluan 

and Tokuhiro using Reynolds stress model (RSM) 

[1]. Present standard k-ε steady calculation is very 

close to the unsteady analysis [1]. Also, the two 

calculations are close to experimental data [7] for 

streamwise and spanwise velocities at x=11mm as 

shown in Fig.5 (only streamwise velocity shown). 

However, the present velocity profiles at y=5 mm 

slightly differ from experimental and Ridluan and 

Tokuhiro’s result. However, overall results are close 

to experimental data. Therefore, it can be stated that 

the steady standard k-ε calculation is reasonable for 

tube bundle engineering analysis. 

 

 

 
Fig.4 (a) present streamwise velocity, (b) streamwise velocity [1] 

(c) present spanwise velocity (d) spanwise velocity [1] 

 
Fig.5 the streamwise velocity at x=11mm 

 

3. Conclusions 

 

In order to confirm limitations of a CFD application 

to Korean VHTR problems, two CFD validation 

cases such as a backward step and a tube bundle 

array are analyzed by using FLUENT and they are 

compared with existing analysis and experimental 

data. For backward-facing step flow of Re= 44,000, 

it is found that standard k-ε PGE-LW model is more 

appropriate than other turbulence models. After 

comparing the present steady analysis of flow 

through staggered tube bundle for Re= 18,000 with 

existing unsteady calculation and experimental data, 

it can be concluded that standard k-ε steady 

calculation is reasonably appropriate for cost-

effective VHTR lower plenum analysis. 
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