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Location of several AGR type reactors sites within
the United Kingdom. AGRgenerating typically
660MW of electrical power.
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The Advanced Ga€ooled Reactor

Tie Bar

Double Skinned Graphite Sleeve

® Improved graphite to withstand longer
reactor dwell

® Modified design of graphite sleeve to improve
strength

|— Brace

® Streamlined grids and braces to reduce
pressure drop

— Fuel Pins

@ Strong cladding material to withstand longer
reactor dwell

@ Coating on pins to reduce oxidation

@ Large grained UO, fuel pellets for improved

fission product retention

—Stainless Steel Cladding

- Ribbing
® Improved heat transfer surface

Hollow LO, Fuel Pellet
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Nuclear Reactor

Physics, Weston M. Stacey

Properties

A
A

6500C coolant outlet
temperature.
Coolantpressure 4MPaHigh
gas temperature improves
thermal efficiency, requiring
stainless steel fuel cladding.
CQ coolant.

Largegrained UQfor
improved fission product
release.

Builtfor efficiency, typically
electricity generation/heat
generated ratio of 0.41 mor
efficient than many modergp
pressurised water reactog
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Introduction to PelletCladding Interaction

A point of great interest is the interface region
betweenthe fuel andcladding

The purpose of this work is to develop a finite
element model describing the fuel -cladding
interface

This requires computing of a variety of different
fuel properties and how they impact behavior of
the interface

Contraryto a trend of production of customcodes
for nuclearproblems,this is to be attempted in a
commercialfinite elementpackage
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interaction, showing the three early life heat
flux contributions in PCI.
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Modelling PelletCladding Interaction

U RGAP Conventional Gap Meshing Special Gap Element Meshing
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Perhaps, easier said than done?
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Whole Pin Model

A whole pin model remains computationally
expensivefor any study at a resolution that will
capture the PClfeatures of interest. To constraina
higher resolution model an approach of sub
modelling was used, with a 300000 element
axisymmetricmodel of the whole pin.
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Whole Pin Model Il

U, u1

+5.186e-05
+4.913e-05
+4.640e-05
+4.367e-05
+4.094e-05
+3.821e-05
+3.548e-05
+3.275e-05
+3.003e-05
+2.730e-05
+2.457e-05
+2.184e-05
+1.911e-05
+1.638e-05
+1.365e-05
+1.092e-05
+8.189e-06
+5.459e-06
+2.729e-06
-2.192e-10

S, Pressure

(Avg: 75%)

+4.741e+08
+4.245e+08
+3.749e+08
+3.253e+08
+2.756e+08
— +2.260e+08
+1.764e+08
+1.268e+08
+7.721e+07
+2.760e+07
—2.201e+07
—7.162e+07
-1.212e+08
—1.708e+08
- —2.205e+08
—2.701e+08
-3.197e+08
-3.693e+08
—4.18%e+08

TEMP

(Avg: 75%)
+1.077e+03
+1.048e+03
+1.020e+03
+9.926e+02
+9.659e+02
+9.399e+02
+9.146e+02
+8.900e+02
+8.660e+02
+8.427e+02
+8.201e+02
+7.980e+02
+7.765e+02
+7.556e+02
+7.353e+02
+7.155e+02
+6.963e+02
+6.775e+02
+6.593e+02
+6.416e+02

S, Mises
(Avg: 75%)
+1.249e+09
+9.049¢+08
+6.556e+08
+4.750e+08
+3.441e+08
+2.493e+08
+1.806e+08
+1.308e+08
+9.479e+07
+6.868e+07
+4.975e+07
+3.605e+07
+2.611e+07
+1.892e+07
+1.371e+07
+9.930e+06
+7.194e+06
+5.212e+06
+3.776e+06
+2.736e+06

Axisymmetric model of
an AGR fuel pin,
showing radial
displacement (A),
typical pellet internal
pressures (B), axial and
radial temperature (C)
and pellet vonMises
stress in locking and
normal pellets (D).
Showing only 3 pellets
of 64 (including spacer
pellets).
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Whole Pin Model Il

Axial Displacement (m)
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No significant plastic region forms while cladding elongates. Temperatures agree with analytical
solution and fuel performance code. An elastic cladding and correct temperatures are an indicato
that the 2D model is behaving correctly.
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Whole Pin Model IV

Pressure (Pa)

3e+08

2e+08

1e+08

-1e+08

-2e+08
0

Nodal Pressure Last Quater Pin

217 Hour(s)

1 Hour(s) ------- .

0.001 0.002 0.003
Radial Distance (m)

0.005

Boundary conditions are
extracted from nodal data then
approximated by a fifth order
polynomial. The extracted time
dependent polynomial is used as
the boundary conditions of a 3D
model.
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Moving to the Third Dimension

Third Dimension
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Moving to the Third Dimension|

Problems and solutions

Initial pellet packing

AmvMnnZnnnQa G2 YAttAz2y StSYSydao
A Quasistatic, sequentially coupled fields. Weight of pellets
A Adaptive step sizes.
A lterative solvers. Apply heatup loads
A Modelling months of fuel time.

Creep contributions
Drawback

Oxygen Diffusion
A No accident conditions. -
A Adaptive logic. Heatup ey
A Time to completion of simulation now Complete
uncertain.
A High computational cost.

Yes

Current workflow for completion of a 3D
model, the flow is controlled by a series of
scripts mixed with some user judgements.
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What Does3D Bring U®

TEMP

(Avg: 75%)
+9.911e+02
+9.798e+02
+9.685e+02
+9.572e+02
+9.459%+02
+9.346e+02
+9.233e+02
+9.120e+02
+9.007e+02
+8.894e+02
+8.781e+02
+8.669e+02
+8.556e+02
+8.443e+02
+8.330e+02
+8.217e+02
+8.104e+02
+7.991e+02
+7.878e+02
+7.765e+02
+7.652e+02
+7.539%9e+02
+7.426e+02
+7.313e+02
+7.200e+02

S, Mises
(Avg: 75%)

+4.497e+08
+4.136e+08
+3.775e+08
+3.414e4+08
+3.054e+08
+2.693e+08
+2.332e+08
+1.971e+08
+1.610e+08
+1.249e+08
+8.885e+07
+5.277e+07
+1.668e+07

S, Mises

(Avg: 75%)
+8.470e+07
+7.812e+07
+7.154e+07
+6.495e+07
+5.837e+07
+5.178e+07
+4.520e+07
+3.862e+07
+3.203e+07
+2.545e+07
+1.886e+07
+1.228e+07
+5.695e+06
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Typical straight crack approximation to pellet damage on
power ramping. In this model 8 radial and equally spaced
cracks are inserted. (At25 MW/m?3)

Moving away from the
idealised crack model.
There exists some
statistical data for
fracture during heat up
for the AGR reactor. This
data can be used to
produce more accurate
models of pellet and
cladding stress.
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Oxygen Stoichiometry

2.048E7 s 1 year

Diffusion of oxygen over cracked fuel geometry
(at 150 MW/n?), a difference in fuel
stoichiometry coupled with heat transfer will
produce a noruniform mechanical response.

The plot to the left is the temperature profile
change in a coupled problem of oxygen and
thermal fields for an urcracked geometry
running for 1.5 years.

Temperature (K)
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