Chemical Engineering 612

Introductory Nuclear Engineering

Lecture 11
Core Thermal Analysis
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Core Design
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Fuel assembly
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Subchannel Configuration

Table 1-4 Subchannels for square arrays
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Cluster Control Rods

Fuel rod
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http://upload.wikimedia.org/wikipedia/en/2/21/Controlrods.jpg

Metal Fast Reactor Assemblies

* Cylindrical Fuel Rods IO N

— U-Zr-Pu Matrix
— Solid or Annular
» Wire Wrapped Spacers
— Small Pitch
— Prevent Touching
— Induce Mixing
e Closed Assemblies
e Wall — “duct”
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Addmional usefu redatons between N, N, and ¥, are as follows.
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VHTR Fuel (USNC)

TRISO fuel FUHEL ELEMENMNT DESIGMN FOR PREMR

— Man tiny pellets into
graphite matrix sphere

— Melt-down proof

. Fun-l !- hl:rn:r
— Failure specs? : .

Susceptible to air- < o
ingress accidents e E, F:.i.}uw:.-
(fire)

* Also used in FHR
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MSR Core
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Uranium Oxide Fuel

Thermal conductivity (W m’ K'1)
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Uranium Nitride Fuel
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Thermal Conductivity, W/mK
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Uranium Carbide Fuel

—— Coninck et al. (1975) (Stoichiometric UC)
———~- Coninck et al. (1975) (Hypostoichiometric UC) ff

[ ——— Kirillov (2007) /
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Metallic Fuel — U-20Pu-10Zr

Fuel region HTS clad

{fuel slug + Na bonding) Cs and | diffusion

retarding region,

Metal Fuel Assembly gl

HTS duct

Solid
metallic fuel,
150 cm
Sodium coolant
Fuel slug M
Na bonding HT-8 bottom reflector
HT9 clad 40 cm




Thermal Parameters

* Thermal Evaluation of Core:
* Heat generation
* Neutron Flux — DIFFICULT!
* Fuel — Type, Number Density

* Poisons, shim — Directly affects flux
I %4
°q = NO'fCDangf — Z f Ncbangf - —

cm3

* pump power requirements

-P=APV=AP%

 heat removal
* Q = mC,AT
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