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Spiritual Thought
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“There is another way to look at your problem of crowded time.  
You can see it as an opportunity to test your faith.  The lord 
loves you and watches over you.  He is all-powerful, and He 
promised you this: ‘But seek ye first the kingdom of God, and his 
righteousness; and all these things shall be added unto you.’ This 
is a true promise.  When we put God’s purposes first, He will 
give us miracles.  If we pray to know what He would have us do 
next, He will multiply the effects of what we do in such a way 
that time seems expanded.   He may do it in different ways for 
each individual, but I know from long experience that He is 
faithful to His word.”

President Russel M. Nelson 



Thermal Parameters
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• Thermal Evaluation of Core:
• heat generation

• Neutron Flux – Hard!
• Fuel – Type, Number Density
• Poisons, shim – Directly affects flux
• 𝑞𝑞′′′ = 𝑁𝑁𝜎𝜎𝑓𝑓Φ𝑎𝑎𝑎𝑎𝑎𝑎𝐸𝐸𝑓𝑓 = ∑ 𝑓𝑓 𝑁𝑁Φ𝑎𝑎𝑎𝑎𝑎𝑎𝐸𝐸𝑓𝑓 = 𝑊𝑊

𝑐𝑐𝑐𝑐3

• pump power requirements
• 𝑃𝑃 = ∆𝑃𝑃𝑉̇𝑉 = ∆𝑃𝑃 𝑚̇𝑚

𝜌𝜌
• heat removal

• 𝑄𝑄 = 𝑚̇𝑚𝐶𝐶𝑝𝑝∆𝑇𝑇



Heat Generation in Core
• Heat in core vs. heat per rod:

• 𝑄̇𝑄 = 𝑁𝑁 𝑞̇𝑞
• =𝑁𝑁𝑁𝑁 𝑞𝑞𝑞
• =𝑁𝑁𝑁𝑁𝜋𝜋𝐷𝐷𝑐𝑐𝑐𝑐 𝑞𝑞𝑞𝑞
• = 𝑁𝑁𝑁𝑁𝜋𝜋𝑅𝑅𝑓𝑓𝑓𝑓2 𝑞𝑞𝑞𝑞𝑞

• Also need sufficient cooling! 
• Pump Power = Δ𝑃𝑃 � 𝐴𝐴 � 𝑣𝑣 = Δ𝑃𝑃 � 𝑉̇𝑉

• Where: 𝑄̇𝑄 = core power, 𝑞̇𝑞 = pin power, A = flow area, v = 
coolant velocity, 𝑉̇𝑉 = coolant volumetric flow rate,

 N = number of fuel rods, L = rod length
 q’ = linear heat rate, q’’ = heat flux
 and q’’’ = volumetric heat rate
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6 Basic Reactor Characteristics I
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6 Basic Reactor Characteristics II
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Best Estimate and Uncertainties

• Best Estimate
– Most likely value
– Do we know this?
– Are we sure of all dependent values?

• Propagation of Uncertainties
– (UO Lab) designed to give range of possible 

values
•  Once distribution given, used to develop 

margin
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Thermal Design Margins
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Failure Limit



Heat Transport

• Convection
– Fluid to surface/surface to fluid
– 𝑄̇𝑄 = ℎ𝐴𝐴 𝑇𝑇1 − 𝑇𝑇2

• Conduction
– Transport through solid material

– 𝑄̇𝑄 = 𝐴𝐴𝛻𝛻𝛻𝛻𝛻𝛻 = 𝑘𝑘𝑘𝑘 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

• Radiation
– Electromagnetic heat transport two surfaces
– ̇𝑄𝑄1→2 = 𝜎𝜎𝐴𝐴1𝐹𝐹1→2 𝑇𝑇14 − 𝑇𝑇24
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𝛻𝛻𝑘𝑘𝑓𝑓𝛻𝛻𝛻𝛻 + 𝑞𝑞𝑞𝑞𝑞 = 0



Fuel Thermal Properties
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From Nuclear Systems I



UO2 thermal conductivity (I)

• �𝑘𝑘 is tensor
• However, typically assume isotropic �𝑘𝑘  k
• K dependencies:

– Temperature
• k(T) decreases with T initially to 1750˚C
• k(T) increases slightly with T after 1750˚C

– Porosity (P):
• P = 1 − 𝜌𝜌

𝜌𝜌𝑇𝑇𝑇𝑇
• Biancharia approximation

• 𝑘𝑘 = (1−𝑃𝑃)
1+ 𝛼𝛼2−1 𝑃𝑃

𝑘𝑘𝑇𝑇𝑇𝑇 , α2 = 1.5 for spherical, larger for 
asymmetric
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UO2 thermal conductivity (II)

• Oxygen to metal atomic ratio
– Theoretical (stoichiometric) = 2
– Departure from theoretical occurs during burnup, both 

+/- decrease k
• Plutonium content

– Increased Pu content decreases k
• Pellet cracking

– INL developed relationship for k (given later)
• Burnup

– Changes porosity, composition, stoichiometry, fission 
product introduction, sintering, etc.

– Small  3% in LWRs, larger in Fast Reactors
– For MSR, this can be controlled by U233 addition
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Other UO2 Fuel Properties

• Fission Gas Release
– Plenum included in fuel rod
– Initially in pellet, released to plenum based on 

temperature (see Nuclear Systems I)
• Melting Point

– 2840˚C, starts at solidus temperature moves 
up to liquidus temperature. (see text)

• Specific Heat
– Varies greatly over temperature
– Plays key role in accident behavior
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Fuel Irradiation

• Changes k dramatically
• 𝑘𝑘𝑒𝑒 = 𝑘𝑘𝑈𝑈𝑈𝑈2 − (

)
0.0002189 − 0.050867𝑋𝑋 +

5.6578𝑋𝑋2

• 𝑋𝑋 = (

)

𝛿𝛿ℎ𝑜𝑜𝑜𝑜 − 0.014 −

0.014𝛿𝛿𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
0.0545
𝛿𝛿𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝜌𝜌
𝜌𝜌𝑇𝑇𝑇𝑇
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• Where
• 𝛿𝛿ℎ𝑜𝑜𝑜𝑜 = calculated hot gap witdh for 

uncracked fuel (mm)
• 𝛿𝛿𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = calculated cold gap width (mm)
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