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Introduction

Why are we modeling?

Jamming, Stagnation, and Clumping

Safety analysis and Fuel Cycle analysis

-Earthquake (Japan Reactor Issue at Fukushima, 2011)
There is large number of individual solid particles

Classical Newtonian mechanics interactions between particles
Inter-particle forces occur only during particle-particle contact

Interaction forces include, among others, dissipative friction and restitutional losses from
collisions

We can observe qualitative similarity of fluid, gas and/or solid states
We can determine the flow rate of granular materials experimentally
Our objective is the prediction of locking conditions or arching



Granular Dynamics

Discrete element method (DEM) simulation and
Field Estimates

Particle density and structure

Viscosity and friction etc.

Velocity and streamling

Stress and strain

Packing structure, density and void fraction

We determine conical angle and orifice fixed particle

size to prevent jamming conditions

Continuum Modeling (Kinematic / Dynamics)
Velocity distribution and packing density function

Stress on outer shell (boundary)
Outlet velocity or flow rate and type by scale




Computational Models and Algorithms

Newton’s Equations of Motion
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As a dynamic processing and time evolution, the pair-wise interaction between particles is used by the
Hertz-Mindlin contact forces

The Lagrange equation of the net binary system can be expressed in terms of r;;
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where m = m;m;/ (m; + m;) is the reduced mass of the system,
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The normal component of the contact force can be written as
Fijk:knérfj/f YnM Vijk
The shear component of the contact force can be written as
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Computational Models and Algorithms
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Figure 1: The left figure shows the set of an overlap shape and the right figure shows a deformable shape



Computational Models and Algorithms

The distance between particles i1 and j about a fixed point O

rij =Tj I"j
where fyj = ‘% and rij =jri rjj
the relative velocity in terms of j is
Fij = Vij = Vi Vj
Normal velocity and tangential velocity are
shown by the following equation.
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DEM Simulation

We select a simulation algorithm
to determine the position, the
velocity, and the acceleration
from the initial positions and
velocities.

We use a snapshot of Pebble H
Motion with Stereolithography Z
(STL) boundary conditons and
the time evolution of the

simulating system in the velocity 2 i Caifrez

. . Hopper

Verlet Algorithm in the .
i i F Tub I
3-dimensional space — ube nozzle

Cylinder

C/C++, python, Linux system Figure 2: Schematic of Pebble Bed Reactor showing vertical
MPI and Cluster 160CPU cross sections for a cylindrical vessel with a conical hopper



Pile up and Discharge in PBR

Figure 3: Snapshot of the flow and stress mesh with linear
velocity, given the cone angle of 45 and the orifice size 6.5d at
every time interval in Sl units
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Pile up and Discharge in PBR

Snapshot of force, translational velocity and angular velocity calculation showing vertical cross
sections split in half and top view given the angle 45 and the orifice size 6.5d in Sl units



