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Numerical investigation of packing structures and flow
resistance of packed pebble beds using
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Numerical investigation of packing structures and
flow resistance of packed pebble beds using discrete

element method

Seon-Pi1l Hwang

Department of Mechanical Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Nuclear fusion power generation 1s one of the most important for
future energy, and a lot of research and development is ongoing to
commercialize nuclear fusion power. Nuclear fusion power generation
1s a method of generating energy by thermonuclear reaction of
tritium and deuterium inside a nuclear reactor. The energy released
in the form of high-energy neutrons (approximately 14.1MeV) enters
the lithium layer of the breeding blanket that surrounds the inner
wall of the reactor. Neutrons entering the lithium layers of the

blanket produce tritium through thermonuclear reaction, and the

- viii -
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generated tritium is infected back into the fusion reactor, causing
continuous nuclear fusion reaction. In addition, the thermal energy
generated by the fusion reaction heats the cooling water and

generates steam to operate the turbine.

The lithium layer packing structure of the breeding blanket on the
inner wall of the reactor 1s related to the energy transmission
efficiency of fusion power generation. The energy generated by the
fusion reaction of the lithium layer is transmitted to the cooling
water and converted into steam. In this process, the denser the
laminated structure of the lithium layer 1is, the more intimate
contact between particles occurs, thereby increasing the transfer
efficiency of thermal energy transmitted to the cooling water.
However, if the packing fraction 1s too high, the flow resistance
of the lithium layer increases, which interrupt the generation of
helium purge gas generated by the thermonuclear reaction.
Therefore, the packing and flow characteristics of the lithium

layer should be properly considered together.

In this study, we use the discrete element method to simulate the
lithium layers of a blanket into the shape of pebble beds and
analyze the packing fraction and heat transfer efficiency according
to the particle packing structure. In addition, the flow analysis
of the pebble beds was perfoemed to analyze the flow resistance
according to the structure of the laminate and considering the
correlation with heat transfer, a suitable packing model was

proposed.

KEY WORDS: Nuclear fusion reactor; Binary-sized pebble beds; Lithium layer

packing structure; Packing fraction; Purge gas; Pressure drop.
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(b)
Fig. 6 Analysis domains of pebble beds: (a) under the PBC in the x-direction,
and (b) under the PBC in the y-direction.
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Fig. 8 Packing fractions of pebble beds according to pebble size ratio.
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Fig. 10 Packing fractions of pebble beds according to pebble size ratio and
vibrations: (a) 0 Hz to 10Hz and (b) 10Hz to 20Hz.
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Fig. 11 (a) Packing structures of pebble beds according to pebble size ratio

and vibrations. (b) Local packing fractions of pebble beds in the z-direction.
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Fig. 12 Overall packing fractions of pebble beds according to pebble size ratio

and vibrations.
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Fig. 13 Packing structures of pebble beds according to pebble size ratio and
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Fig. 14 Packing structures and small pebble’ s distribution of pebble beds

according to vibration direction in 20 Hz.
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Fig. 18 Packing fractions of pebble beds according to pebble size ratio.
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Fig. 22 Overall packing fractions of pebble beds according to pebble size ratio
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relationships of pebble beds under cyclic loadings.
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Fig. 31 Low mesh quality caused by overlap and gap and improved mesh
quality caused by edge blending.

Fig. 32 Blending of sharp circular edges between the overlapping spherical

pebbles for generation proper CFD meshes.
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