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Ice slurry is a homogenous mixture of small ice particles and carrier liquid, and it can transport cold thermal
energy directly because of its fluidly and have a high heat exchange rate because of fine ice particles. However, it
is difficult to know the detailed behavior of ice slurry flow in pipes. In this study, we apply the thermal immersed
boundary-lattice Boltzmann method to a three-dimensional ice slurry flow in a square duct. We first investigate
the effects of the Reynolds number. It is found that the Nusselt number on the duct wall increases with the
Reynolds number, since the speed of the particles that disturb the temperture field becomes higher than the
diffusion of heat. Next, we investigate the effect of the ice packing factor (IPF). It is found that the Nusselt
number on the duct wall increases with the IPF, since cold particles get closer to the wall due to the collision of
particles. The Nusselt number obtained by the present simulation is close to available experimental results, but
the increase rate of the Nusselt number to the IPF is smaller than that obtained by the experimental results.
Finally, we investigate the effect of adhesion of particles. As a result, it is found that the particles are aggregated
for the adhesion model and that the Nusselt number for the adhesion model is smaller than that for the repulsion

model.
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Fig. 1: Modeled system for a thermal flow in a heated
square duct with moving ice particles.
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Fig. 2: Three-dimensional 15-velocity model.
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Fig. 3: Hlustration of the adhesion model.
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Fig. 4: Time variations of the averaged Nusselt number
of the whole wall of the duct for various values of Re.
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Fig. 5: Snapshots of the temperature fields viewed from
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Re = 200, (b) 600, and (c) 1000 at t* = 150.
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Fig. 6: Time variations of the standard deviation of
particle distribution for various values of Re.
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Fig. 7: Time variations of the averaged Nusselt number
of the whole wall of the duct for various values of IPF.
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Fig. 8: Snapshots of the temperature fields viewed from
the outlet (upper) and side (lower) of the duct for (a)
IPF = 4.9%, (b) 10.0%, and (c) 15.0% at t* = 150.
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Fig. 10: Relationship between Nusselt number and IPF.

The available experimental result by Kumano et al. (?)
is also shown for comparison.
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IPF = 10.0% at t* = 150.
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