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Introduction
Pressurized Water Reactor (PWR)

Figure 1. In the heart of a PWR

Mixing Vane

Spring

Figure 2. Grid Spacer

Figure 3. Fuel Assembly
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Power
Thermal 3800 MW
Electrical 1280 MW

Core
Length 3.81 m (12.5 ft)
Diameter 3.66 m (12 ft)

Fuel
Rod, OD  9.5 mm
Rod lattice pitch 12.65

Introduction

Coolant
Pressure  15.5 MPa (2250 Psia)
Inlet Temp 292 ° C (557° F)
Outlet Temp 324 ° C (615° F) 
Inlet Velocity 6.79 m/s
Mass Velocity 3.6 Mg/s.m 2

Design Specification for PWR

Table 1. Design Specification for PWR
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Literature survey
� Shen et al., 1991

Investigated the cross flow mixing effect caused by  grid spacer with Ripped-Open 
blades and they measured the crossflow velocity at t he rod gap region depending on 
the angle of a mixing blade on the grid spacer.

� Karoutas et al. 1996
Performed a 3-D flows analysis for the design of a nuclear fuel spacer by CFD and 
experimental methods.

� Imaizumi. 1995
Evaluates the effects of mixing vane shape on the flow struct ure and heat transfer
downstream of mixing vane in a subchannel of fuel assembly �

� E. Baglietto., 2006
The capability of the model to predict the coolant flow distr ibution inside rod bundles
is shown and discussed on the base of comparison with experim ental data for a 
variety of geometrical and Reynolds number conditions.
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Modeling
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Cross Section

Figure 5. Cross-Section 
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Modeling

Grid Springs!

Grid Springs!

Thickness!

Assumptions in Modeling

Figure 6. The Grid Spring
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Turbulence Model 

For �k�

For dissipation �

Model constants �

� �Standard two equation k- � model with enhanced wall treatment was ��
���selected for the �turbulent flow.



	

Modeling
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P

D

P=12.65   D=9.5 ���� P/D=1.33

Domain Shape and Size

Figure7. Domain shape and size
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Modeling

Rod Bundle

Blade

Split Vane

Figure 8. The Split Vane Configuration
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Modeling

Blade

Grid Spacer

Rod Bundle

Ripped Open

Figure 9. The Ripped-Open Configuration
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Modeling

Fuel Wall

Coolant Coolant
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Figure 10. The Horn Types Configuration

Configurations
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Modeling

Ring Type

Configurations

Square Type

Homographic Type

Multiply Type

Diamond Type
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Grid Generation

M2D.1 ) Ring Type M2D.2 ) Square Type

M2D.3 ) Square Type M2D.4 ) Homographic Type

The Analysis of Fuel Assembly Spacer Grids on Heat Transfer Parameters in a Typical PWR

Figure 16. The Plane view of CFD model for differen t mixing vanes
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Grid Generation

M3D.1 Split Vane M3D.2 Ripped OpenM2D.5 Multiply Type

The Analysis of Fuel Assembly Spacer Grids on Heat Transfer Parameters in a Typical PWR

M3D.3 M3D.4

Figure 17. The Plane model of CFD model for differe nt mixing vanes

26
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Boundary Conditions

Pressure
outlet

Law of the 
wall

Flow Direction

� A pressure boundary condition was applied at the ou tlet with constant 
pressure (15.5 MPa= 155 bar) in the cross-section a f sub-channel.

� A symmetric side boundary condition was applied at the rod gaps of sub 
channel for the CFD models because of flow symmetry .

� The average inlet velocity is 6.79m/s

Symmetry
Velocity 
inlet 6.79 
m/s

The Analysis of Fuel Assembly Spacer Grids on Heat Transfer Parameters in a Typical PWR

Figure 18. Boundary Conditions

Constant 
Pressure
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� To Different Experiments with flow mixing promoters  Split Vane 
(Karoutas et al. 1995) and Ripped Open Blades (Shen et al., 1991) were 
simulated for validation of the CFD analysis.

� The calculation was performed on desktop computer ( Cpu3.2GHz, 1GB 
of Ram) and are terminated when residuals for all g overning equation 
were reduced by a factor of 10 6.

� Approximately 80000 to 10000 iteration were needed to obtain a 
converge solution.

Convergent Limit and CFD validation

Results
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Result

a) Z/Dh=6 d) Z/Dh=25c) Z/Dh=14b) Z/Dh=9

a) Z/Dh=6 b) Z/Dh=6 c) Z/Dh=14 d) Z/Dh=25

Figure 20.  Predicted Velocity field pattern for Split Vane (M3D.1) blades.

Figure 21. Predicted Velocity field pattern for Ripped Open (M3D.2) blades.

Velocity Vectors
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Result

a.

Figure 22.  Axial Velocity comparison for Split Van e

Axial Velocity

b.
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Result

c.

Figure 24.  Axial Velocity comparison for Split Van e

Axial Velocity

e.
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Fig. 9-1: Axial velocity comparison for split vane in a 3x3 rod bundle array 
at  a) Z/D=2.1               b) Z/D=15.9          c ) Z/D=38.5

Result
Axial Velocity

a                                            b                  c
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Result
Figure 28. Comparison of Heat Transfer Coefficient for different two dimensional vanes

Variation of Heat Transfer Coefficient
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Result
Figure 29. Comparison of Heat Transfer Coefficient for different three dimensional vanes

Variation of Heat Transfer Coefficient

Split V.
Ripped V.
Trumpet 

Trumpet 
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Result

Flow Direction

Figure 31. Comparison of pressure distribution for different three dimensional vanes

Variation of Static Pressure

Linier Variation

Split V.
Ripped V.
Trumpet 
S. Trumpet V
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Result
Figure 32. Comparison of pressure distribution for different two dimensional vanes

Variation of Static Pressure

Linier Variation

Ring
Diamond
Square
Homographic
Multiply
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Result
Figure 34. Comparison of Turbulent Kinetic Energy f or different two dimensional vanes

Variation of Turbulent Kinetic Energy

Ring
Diamond
Square
Homographic
Multiply
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Result
Figure 35. Comparison of Turbulent Kinetic Energy f or different three dimensional vanes

Variation of Turbulent Kinetic Energy

Split V.
Ripped V.
Trumpet 
S. Trumpet V



��No Vane 23329 0 23418 0

Split Vane in a 3*3 
array rod 

bundle

28742 9.82 37238 6.02

split trumpet 
shaped

27477 14.85 37968 6.21

trumpet shaped 24946 4.27 35215 5.03

Ripped Open 25303 5.76 36792 5.68

Split Vane 26031 8.81 35227 5.03

Multiply type 25233 5.46 35244 5.04

Homographic Type 24192 1.12 32875 4.01

Square Type 24433 2.13 33491 4.27

Diamond Type 24950 4.29 34713 4.82

Ring Type 24694 3.22 34918 5.76

Vane Type Heat Transfer 
Coefficient

. vane)h(no-h(vane)
h(no. vane)

h: heat transfer

Pressure 
drop

. vane)p(no-p(vane)
p(no. vane)

p: pressure drop

Table 3. Average heat transfer and pressure drop fo r different mixing vanes
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Conclusion

• In general, the CFD predictions about Split vane show good agreement 
with experimental results�

• A strong swirling flow appears to occur close to the vanes but decreased 
to below 5 percent of bulk velocity at Z/Dh = 15.

• The CFD predictions indicate a significant increase of the turbulent kinetic 
at the leading edge of grid spacers and mixing blades.

• In 2D Vanes :
M2D.5 (Multiply Type) >> M2D.2 > M2D.3 > M2D.4 > M2D.1 > No Vane

• In 3D Vanes :
M3D.1 (Split Vane) >> M3D.4 > M3D.3 > M2D.2 > No Vane
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Conclusion

• Linear variation of pressure after space grid.

• 3D vane are more effective than 2D vanes.

• An increase in coolant temperature about 6°K

• An increase in fuel surface temperature about 10 °K
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