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1. Introduction 

 
In the event of safety shutdown earthquake (SSE) 

with LOCA in the PWR, spacer grid will readily be 

deformed by reactor vibration. If flow area is reduced 

(flow blockage) by deformed spacer grid, coolant flow 

will not be sufficiently provided to cool down decay 

heat though blocked subchannel. In spite of various 

efforts to understand hydraulic phenomena in a rod 

bundle containing deformed rods due to swelling and/or 

ballooning of clad [1,2], the studies for flow blockage 

due to spacer grid deformation have been limited. In the 

present work, 3D CFD analysis for flow blockage was 

performed to evaluate coolant flow within ACE7 fuel 

assemblies (FAs) containing a FA affected by a spacer 

grid deformation. The real geometry except for inner 

grids was used in the simulation and the region 

including inner grid was replaced by porous media. 

 

2. Methods and Results 

 

The high computational power is required to solve 

full conservation equations using CFD codes with real 

geometry of FAs. Therefore, in this study, the region 

including inner grid of spacer grid was replaced by 

porous media. The unit subchannel analyses were 

conducted to calculate resistance coefficients of porous 

media. 

 

2.1 Unit Subchannel Analysis 

 

The coolant centered subchannel of Mid, IFM, and 

deformed Mid grid without mixing vane of ACE7 FA 

were selected as unit subchannel model. The shape of 

deformed Mid grid was determined by assumption that 

approximately 40% flow area reduction is occurred by 

spacer gird deformation. Fig. 1 shows the schematic of 

unit subchannel models, the entrance region was 

generated to inlet flow fully develop and the 

downstream region was generated to avoid flow 

recirculation at outlet. The average mesh size is about 

0.25 mm and fine meshes are clustered densely around 

the wall. The starting point of the entrance region was 

selected as Dirichlet boundary and the outlet boundary 

was specified at the end of downstream region. The 

symmetry boundary condition is applied on four side 

plane of computational domain. In the present work, 

steady-state RANS equation was solved by FVM using 

a commercial CFD code, STAR-CCM, and the non-

linear quadratic k - ε  model was selected. The standard 

wall function was used to treat the flow within turbulent 

boundary layer. 

Fig. 2 shows the pressure drop though the spacer grid 

of unit subchannel models against the inlet velocity. 

Based on this result, the resistance coefficients of 

porous media were obtained by least square method 

using polynomial equation (see Eq. 1). The calculated 

resistance coefficients are summarized in Table 1.  
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Table 1: Resistance coefficients (RC) of porous media 

Grid type Viscous RC (α ) Inertia RC ( β ) 

Mid 1412 7614 

IFM 1927 14495 

Deformed Mid 2047 11041 
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Fig. 1. The schematic for unit subchannel models 
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Equation

y = Intercept + B1*x^1 + B2*x^2

Weight No Weighting

Residual Sum of 
Squares

603.57411 77.80278 1269.01456

Adj. R-Square 1 1 1

Value Standard Error

Pressure Drop

Intercept 0 --

B1 70.59063 7.14394

B2 380.71302 1.54667

Intercept 0 --

B1 28.90051 2.5649

B2 217.4337 0.5553

Intercept 0 --

B1 102.35642 10.35871

B2 552.03388 2.24267

 
Fig. 2. Pressure drop across grid spacer under normal 

operating condition 
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2.2 Flow Blockage Analysis 

 

Fig. 3 shows the schematic for computational domain 

of flow blockage analysis for ACE7 FAs. The domain 

consists of four ACE7 FAs with vertically 1 m. In this 

domain, one of ACE7 FAs includes a Mid grid affected 

by grid deformation. The region including inner grid of 

spacer grid was replaced by porous media and the real 

geometry of outer grid of spacer grid and mixing vanes 

is used in the simulation.  

Using polyhedral type mesh with prism layer, about 

25 million meshes were generated and the meshes in 

upstream and downstream region were generated using 

extrude mesh. The bottom of domain is selected as 

Dirichlet boundary and the outlet boundary was 

specified at the end of downstream region. The 

symmetry boundary condition is applied on four side 

plane of domain. The numerical method (turbulence 

model and boundary conditions, etc.) was kept the same 

as the previous unit subchannel analysis. 

For flow blockage analysis under normal operating 

condition, the working fluid was selected as single-

phase water at 1.551 MPa, 307.5 °C and Reynolds 

number for this condition is approximately 360,000 

based on FSAR for Ulchin units 1 and 2. 

Fig. 4 shows the velocity magnitude at horizontal 

plans in the mixing region. The coolant velocity in a FA 

containing deformed a spacer grid (FA1) is relatively 

lower then adjacent FAs (FA2, 3, 4). That means the 

coolant flow redistribution is occurred by deformed Mid 

grid. The coolant flow in a FA1 was restricted by 

deformed Mid, as high flow resistance, and, 

consequently, deformed Mid grid more coolant flow to 

be divert to the adjacent FAs. 

Fig. 5 shows the normalized mass flux through FAs. 

The effect of flow blockage due to a spacer grid was 

seen approximately 60 subchannel hydraulic diameter 

upstream form the end of deformed Mid grid. 
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Fig. 3. The schematic for computational domain of flow 

blockage analysis of ACE7 fuel assemblies 
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Fig. 4. Coolant velocity at horizontal plan 12 mm (a), 50 mm 

(b), 100 mm (b), 180 mm (b) apart from the end of Mid grids. 
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Fig. 5. Normalized mass flux though FAs affected by a spacer 

grid deformation under normal operating condition 

 

3. Conclusions 

 

In the present work, the numerical simulation was 

performed to predict coolant flow within ACE7 FAs 

affected by a Mid grid deformation. The 3D CFD result 

shows that approximately 60 subchannel hydraulic 

diameter is required to fully recover coolant flow under 

normal operating condition.  
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