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<Axial configuration of PGSFR core> 
<Core radial configuration of 150 MWe for PGSFR> 

Duct Wire 

Rod Sodium 
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Rod (Inner Fluid)  

유체영역: 11만*217 = 2387만 

구조영역: 7.7만*217 = 1671만 
(Rod + Wire spacer) 

Duct Outer Fluid & 

Rod Total: 40,580,000 cells 

Cladding Wire 

Total: 50 Million 
(Hexahedron mesh)  

덕트영역: 1000만 

*하얀색: ROD (Structure) 

*파란색: Fluid Region 
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Parameter Value 

Number of pins 217 

Pin diameter 7.4 mm 

Clad thickness 0.5 mm 

Wire diameter 0.95 mm 

Wire lead pitch 221 mm 

Pin pitch 8.436 mm 

Total length 2.15 m 

CFD computation length 1.1 m 

Active length 0.98 m 

Non-Heat length 0.12 m 

Duct width 126.36 mm 

Coolant Sodium 
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<Geometric information of fuel assembly> 
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Pin power ratio [-]

< Pin power distribution and Pin number position: Flow group 01,BOL > 

ACTIVE
REGION
(0.98m)

NON-HEAT
REGION
(0.12m)

Outlet

Inlet

<Axial heat flux distribution> 
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Boundary domain Condition Value 

Inlet Mass flow rate Variable [kg/s] 

Outlet Relative pressure 3.5 [bar] 

Rod outer No slip - 

Wire outer No slip - 

Duct wall No slip 
Adiabatic - 

Heat source 
(clad inner surface) Function of Z axis  P(z) 

<Boundary condition of CFD analysis> 
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Parameters Design  
Value 

MARS-LMR 
Calculated Value 

SAS4A/SASSYS-1 
Calculated Value 

CFD 
Value 

Core Power [MWt] 392.2 392.2 392.2 392.2 

Core flowrate [kg/s] 1984.2 1988.1 1992.95 1984.2 
Core inlet 
temperature [oC] 390 390.12 390.00 390.0 

Peak coolant 
temperature [oC] 
(FA outlet region) 

569.1 568.91 565.9 569.51 

<Outlet temperature contour in Re=65,470> 

<Comparison of initial conditions for transient analysis> 
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The detailed Upgraded Cheng and Todreas(2018) correlation  
Turbulent flow ∶  𝑓𝑓 = 𝐶𝐶𝑓𝑓𝑇𝑇

𝑅𝑅𝑃𝑃0.18  for 𝑅𝑅𝑃𝑃𝑇𝑇 ≤ 𝑅𝑅e          

The Engel(1979) correlation 
Turbulent flow ∶ 𝑓𝑓 = 0.55

𝑅𝑅𝑃𝑃0.25  for 𝑅𝑅𝑃𝑃 ≥ 5000  

𝐶𝐶𝑓𝑓𝑇𝑇 = 𝐷𝐷𝑃𝑃𝑏𝑏 ���
𝑁𝑁𝑝𝑝𝐴𝐴𝑝𝑝
𝐴𝐴𝑏𝑏

� �
𝐷𝐷𝑃𝑃𝑝𝑝
𝐷𝐷𝑃𝑃𝑏𝑏

�
0.0989

�
𝐷𝐷𝑃𝑃𝑝𝑝
𝐶𝐶𝑓𝑓𝑝𝑝𝑇𝑇

�
0.549453

𝑝𝑝=1

�

−1.82

 

The simplified Cheng and Todreas(1986) correlation 
Turbulent flow ∶  𝑓𝑓 = 𝐶𝐶𝑓𝑓𝑇𝑇

𝑅𝑅𝑃𝑃0.18  for 𝑅𝑅𝑃𝑃𝑇𝑇 ≤ 𝑅𝑅e    

𝐶𝐶𝑓𝑓𝑇𝑇 = �0.8063− 0.9022(log𝐻𝐻/𝐷𝐷)� + 0.3526(log(𝐻𝐻/𝐷𝐷)2) 

      ⅹ(𝑃𝑃/𝐷𝐷)9.7 (𝐻𝐻/𝐷𝐷)1.78−2.0(𝑃𝑃/𝐷𝐷)  

The Rehme(1973) correlation 

𝑓𝑓 = ��
64
𝑅𝑅𝑃𝑃�𝐹𝐹

0.5 + �
0.0816
𝑅𝑅𝑃𝑃0.133�𝐹𝐹

0.9335� (𝑁𝑁𝑃𝑃)𝜋𝜋(𝐷𝐷 + 𝐷𝐷𝑃𝑃)/𝑆𝑆𝑇𝑇 

<Friction factor in a wire-wrapped 217-pin fuel assembly> 
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𝜇𝜇 = 𝜇𝜇𝑙𝑙 + 𝜇𝜇𝑡𝑡 
𝜇𝜇
𝑃𝑃𝑃𝑃

=
𝜇𝜇𝑙𝑙
𝑃𝑃𝑃𝑃𝑙𝑙

+
𝜇𝜇𝑡𝑡
𝑃𝑃𝑃𝑃𝑡𝑡
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Borishanski
Subbotin
CFD Result

The Mikiyuk correlation (2009) 
𝑁𝑁𝑁𝑁 = 0.047(1− 𝑃𝑃−3.8(𝑃𝑃/𝐷𝐷−1))(𝑃𝑃𝑃𝑃0.77 + 250)             

  (1.1 ≤ P/D ≤ 1.95, 30 ≤ Pe ≤ 5000) 
The Subbotin correlation (1965) 
𝑁𝑁𝑁𝑁 = 0.58 �𝐷𝐷ℎ

𝐷𝐷
�

0.55
𝑃𝑃𝑃𝑃0.45   

(1.1 ≤ P/D ≤ 1.5, 80 ≤ Pe ≤ 4000)          

The Borishanski correlation (1969) 
𝑁𝑁𝑁𝑁 = 24.15 log �−8.12 + 12.76 �𝑃𝑃

𝐷𝐷
� − 3.65 �𝑃𝑃

𝐷𝐷
�

2
�   

+0.0174�1− 𝑃𝑃−6((𝑃𝑃/𝐷𝐷)−1)�𝐵𝐵    
                                                
Where: 

𝐵𝐵 = �
0,𝑃𝑃𝑃𝑃 < 200

(𝑃𝑃𝑃𝑃 − 200)0.9 ,𝑃𝑃𝑃𝑃 ≥ 200� 
(1.1 ≤ 𝑃𝑃/𝐷𝐷 ≤ 1.5, 60 ≤ 𝑃𝑃𝑃𝑃 ≤ 2200)              

<Heat transfer comparison of correlations and the CFD results> 
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Edge vortex structures

Interior vortex stuructres

Wake region by wire

<Normalized axial velocity distribution on the cross sectional planes (Z=440 mm)> 

<Projected streamline on the cross sectional planes (Z= 440 ~ 600 mm)> 

Interior vortex structures

Edge vortex structures

Corner vortex structures

Z= 520mm Plane

Z= 480mm Plane

Z= 440mm Plane

Z= 560mm Plane

Z= 600mm Plane

Edge vortex structures
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Thank you for your attention 
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