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1. Introduction 

 
The Korea Atomic Energy Research Institute 

(KAERI) has performed a reactor design with the final 

goal of constructing the PGSFR (Prototype Gen-IV 

Sodium-cooled Fast Reactor. The main objective of the 

PGSFR is to verify TRU metal fuel performance, 

reactor operation, and transmutation ability of high-

level wastes.  

The core thermal-hydraulic design is used to ensure 

the safe fuel performance during the whole plant 

operation. The fuel design limit is highly dependent on 

both the maximum cladding temperature and the 

uncertainties of the design parameters. Therefore, an 

accurate temperature calculation in each subassembly is 

highly important to assure a safe and reliable operation 

of the reactor systems.  

The current core thermal-hydraulic design is mainly 

performed using the SLTHEN (Steady-State LMR 

Thermal-Hydraulic Analysis Code Based on ENERGY 

Model) code, which calculates the temperature 

distribution based on the ENERGY model[1]. This 

model utilizes simplified correlations experimentally 

determined for subchannel flow mixing tests. Therefore, 

the KAERI has carried out validation tests from the 

PGSFR geometrical and hydraulic specifications[2]. In 

this work, the 37-pin subchannel flow mixing tests are 

evaluated by the SLTHEN code.  

 

2. SLTHEN Code 

 

The SLTHEN code employs two region 

approximations, which enable the momentum equations 

to be decoupled from the energy equations. In the 

central region, the mean flow oscillates around each rod 

as it progresses along the axial direction. In the outer 

region near the wall, the flow pattern is quite different. 

This difference in the outer and inner regions of the 

assembly suggests that the subassembly flow can be 

divided into two regions.  

The resulting energy transport equations for the two 

regions are then calculated by 
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where the left and right terms represent convective heat 

transfer and conduction by the enhanced eddy 

diffusivity, respectively. Q, k and ζ are the volumetric 

heat source, coolant thermal conductivity and 

conductivity enhancement ratio from the geometrical 

factor. 

The subchannel flow mixing is characterized by eddy 

diffusivity (ε) and swirl velocity (Us) in equation (1) and 

(2). The eddy diffusivity represents a flow interchange 

between neighboring subchannels by a wire-induced 

sweep flow and turbulent mixing. It does not involve a 

specific flow direction. On the other hand, the swirl 

velocity is induced in the edge subchannels and follows 

the direction in which wires are wrapped.  
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Fig. 1. Two region model in the SLTHEN code 
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Fig. 2. 37-pin test assembly 

 

3. Subchannel Flow Mixing Tests 

 

A test assembly should reflect the PGSFR thermal-

hydraulic conditions. In particular, the pitch-to-diameter 

ratio (P/D) and height-to-diameter ratio (H/D) of the test 

assembly should be equal to those of the PGSFR fuel 

assembly as shown in Fig 2. The number of dummy fuel 

rods is reduced from 217 to 37 based on the flow rate 

which can be accommodated in the test facility. 
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However, the range of Reynolds number in the test 

assembly should cover the PGSFR design flow range.  

The subchannel flow mixing in the test assembly is 

characterized by injecting electrolyte into a particular 

subchannel and measuring a concentration distribution 

at the bundle exit. The electrolyte concentration 

distribution is measured using a wire-mesh sensing 

system[2]. To determine eddy diffusivity and swirl 

velocity ratio, the electrolyte is injected into the center 

subchannel number 1 and the edge subchannel number 

59 in Fig. 2, respectively.   

A least square method is used to quantitatively 

determine flow mixing coefficients from experimental 

data. Figure 3 displays the difference between SLTHEN 

calculation and experimental data as a function of eddy 

diffusivity in a center subchannel injection condition. 

The eddy diffusivity is determined to be 0.0329 and the 

comparison with experimental data is shown in Fig. 4. 

Comparing the experiment and the calculation, a bias 

error is removed by dividing an average value. The 

electrolyte distributions at the bundle exit are depicted 

in Fig. 5. 
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Fig. 3. Least square error as a function of eddy diffusivity 
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Fig. 4. Comparison between SLTHEN calculation and 

experimental data  
 

The experimental results are summarized in Table I 

with the previous correlations of Chiu-Rohsenow-

Todreas (CRT) and Cheng-Todreas (CT)[3,4]. The 

eddy diffusivity is similar to that of the CT correlation. 

The CRT correlation predicts the eddy diffusivity to be 

about 30% larger than the experimental value. The swirl 

velocity is determined with an error of more than 10% 

with the previous correlations.  
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(a) SLTHEN                 (b) Experiment 

Fig. 5. Concentration distribution in the SLTHEN calculation 

and experiment 
 

Table I: Experimental results 

 Eddy diffusivity Swirl velocity ratio 

Experiment 0.03285 0.1308 

CRT 0.04342 0.1167 

CT 0.03317 0.1517 

 

4. Conclusions 

 

The subchannel flow mixing tests are evaluated by 

the SLTHEN code. The flow mixing coefficients are 

determined to minimize a difference between the 

SLTHEN calculation and experimental data. The results 

show good agreement with the previous correlations.  
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