
CHEMICAL ENGINEERING 512

RELAP5-3D

Lecture 14
Modeling a PWR Core



Spiritual Thought
“As we focus our lives on the truths we know about God’s 
plan of salvation and the Atonement of Jesus Christ, we can 
echo the expression that everything will be all right in the 
end—and if it’s not all right, it’s not the end.”

Morgan Young



Objectives
• Learn about the structure of a PWR core
• Learn about how a PWR core is modeled in RELAP



PWR Core



Fuel Rod



Problem Statement
• Develop a simple model of a reactor core. The core contains 

150 fuel assemblies, with a total power of 900 MW. 100 of 
the assemblies have 10% above average power, and 50 of 
the assemblies have 20% below average power. For the 100 
higher powered assemblies, which are arranged in a 10 x 10 
array, 3% of the power is deposited directly into the coolant 
(instead of into the fuel). For the 50 assemblies located 
around the higher-powered assemblies, all of the power is 
generated in the fuel. The fuel assemblies are generally 
arranged in a 13 x 13 array of fuel rods



Problem Statement (2)
• There is a flow area reduction of 10% at the core outlet
• The inlet and outlet plenums have flow areas of 4m2 and 

heights of 1.0m.
• The liquid velocity through the inlet plenum is 1.5 m/s; it’s 

liquid temperature is 550 K. The source pressure is 15.0 
Mpa, and the pressure above the core outlet plenum is 14.2 
Mpa.



Problem Statement (3)
• Fuel Pin Data

• Length = 3.6 m
• Pellet O.D. = 7.6 mm
• Cladding I.D. = 7.8 mm
• Cladding O.D. = 9.0 mm
• Axial Power Profile = flat (uniform)



Problem Statement (4)
• Flow Area = 0.014m2

• Hydraulic Diameter = 0.0132 m
• Fuel Rod Pitch = 11.7 mm
• Number of grid spacers = 7
• Flow Area at Grid Spacers = 0.01m2

• Loss Coefficient at Grid Spacers = 1.0
• Inlet Loss Coefficients: Kf = 0.5, Kr = 0.7
• Outlet Loss Coefficients: Kf = Kr = 1.3



Nodalization Diagram
• 500 – Source
• 505 – Inlet 
• 510 – Lower Plenum
• 520 – 100 Assemblies
• 530 – 50 Assemblies
• 535 – Multiple Junction
• 540 – Upper Plenum
• 550 – Sink



Goal
• Using reactor kinetics, determine the steady state 

conditions in the core.



Start Easy, Control Cards



Hydrodynamic Components



Hydrodynamic Components



Hydrodynamic Components



Hydrodynamic Components



Hydrodynamic Components



Hydrodynamic Components



Hydrodynamic Components



Hydrodynamic Components



Heat Structures



Heat Structures



Thermal Properties



Kinetics



Goal 2
• Using a power table, increase the power from 900 to 1200 

MW over the first 100s, then steadily increase it to 3000 
MW at 500s. When fuel rod heatup begins at the top of the 
core, reduce power back to 900 MW. Heatup is defined as 
exceeding 5 K superheat for at least 5s. Determine the 
power at which fuel rod heatup began.



Power Table



Trips



Control Variables



What did we use?
• Miscellaneous control cards
• Time step control cards
• Variable trips
• Logical trips
• Time dependent volume
• Branch
• Pipe
• Time dependent junction

• Multiple junction
• Heat structure
• Thermal property data
• Kinetics
• Power table
• Control variables
• Terminator card (.)



Your Project
• You will need to use most (if not all) of the components 

discussed today.
• Become familiar with them

• How to use them
• How they work

• If you have questions, the sample problems in the DVDs are 
quite helpful

• Use the DVDs or this presentation to try to work through this 
example

• Dr. Memmott and I can help as well
• Are the any questions about your project so far?



Assignment
• Homework 7 due Tuesday (10/20) at midnight
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