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Abstract:

Ice slurry flow presents a fascinating area of study within fluid dynamics and thermal energy
storage. This flow involves a dynamic mixture of solid ice particles and a liquid carrier, typically an
aqueous solution. Its widespread use in air conditioning and other cooling applications makes
understanding its behavior crucial. However, despite its practical importance, numerical simulations of
ice slurry flow often fail to account for a critical aspect: the continuous change in particle size due to
aggregation and breakage. This oversight can significantly impact the accuracy of heat transfer
predictions. In this research, we performed a detailed numerical investigation into the effectiveness of
the Population Balance Model (PBM) as a powerful tool for simulating the complex phenomena of
particle aggregation and breakage. The results demonstrate a substantial improvement in prediction
accuracy when the PBM is integrated into the simulation framework. Specifically, for turbulent flows
with a volume fraction below ) + 7, the PBM was shown to reduce calculation errors to less than ©7%. Our
findings also reveal a direct correlation between increased volume fraction and flow velocity, and an
increase in the average particle diameter within the flow. Further analysis focused on evaluating various
combinations of aggregation and breakage mechanisms within the PBM itself. The combination
proposed by Luo proved to be the most effective, yielding superior and more reliable results compared
to other models. This held true across both laminar and turbulent flow regimes and was consistently
validated against experimental data. We also examined how the predefined range of allowable particle
diameters within the PBM influences the results. Our investigation highlighted a strong dependency
between this parameter and the distribution of the average particle diameter across the pipe's cross-
section. Finally, this study provides a practical guideline, identifying the optimal operating range for
ice slurry-based cooling systems as a )/ to Y+ ice volume fraction. Beyond this range, the heat
transfer coefficient begins to decline, while the pressure drop increases dramatically, compromising
system efficiency.

Keywords: Ice slurry, Population balance model, Breakage, Aggregation, Particle size distribution.
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Table ): Boundary conditions of the considered studies

Boundary Study
Condition Lee et al. [V €] Niezgoda-Zelasko
[¥°]
Inlet velocity (m/s) YA \.0Y (variable)
Temperature (K) YEASO YEASO
Wall condition for No slip No slip
fluid phase
Wall condition for Johnson-Jackson Johnson-Jackson
solid phase
Wall heat flux Y&Y- Aeee
(W/m")
Pressure Outlet

Velocity Tnlet
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Figure ): The schematics of the simulation’s geometry with
imposed boundary conditions
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Figure Y: The computational mesh employed for simulations
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Table Y: Thermophysical properties of ice and water in present

study
Fluid Properties Study
Leeetal. [V£] (V.07 Niezgoda-Zelasko
Water- Ethylene [*e] () "7 Water-
glycol Solution) Ethylene glycol
Solution)
Density (kg/m") Yo 0.0 avy
Specific heat fey. YaAs
capacity (J/kg.K)
Thermal conductivity - .OA -A4f
(W/m.K)
Viscosity (kg/m.s) ceeVE ey
Molecular Weight Y\ \ay
(kg/kmol)
Reference enthalpy -Y.AbOEA -Y.AbOEA
[Y°] (J/kmol)
Ice Properties
Density (kg/m") Ny
Specific heat capacity (J/kg.K) Yig-
Thermal conductivity (W/m.K) \A
Molecular Weight (kg/kmol) VA0
Reference enthalpy [Y°] (J/kmol) -vYa-veA
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balance model and the experimental data from the study by Lee et
al. [V¢]
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Figure ¢: The effect of using the population balance model on

the local heat transfer coefficient of the middle section of the pipe
in the study by Niezgoda-Zelasko [¥°]
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Figure ¥: Results of the heat transfer coefficient of the baseline
numerical model compared to the case without using the population



micrometers, for the simulation of conditions equivalent to the
study by Lee et al. [Y'¢] for inlet volume fractions: (a) 7, (b) 17,
(€)Y, (d) T+
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Figure V: Sauter mean diameter distribution in the central
section of the pipe in the population balance model, in micrometers,
for the simulation of conditions equivalent to the study by
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Figure 1: Sauter mean diameter distribution in the central
section of the pipe for the population balance model, in
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Figure A: (a) Temperature, (b) ice volume fraction, (c) velocity
magnitude, and (d) granular temperature distribution in the central
section of the pipe in the population balance model for the
simulation of conditions equivalent to the study by Niezgoda-
Zelasko [¥°] for inlet velocity of Y,°Y m/s.



Figure V+: The effect of changing the population balance
model on the heat transfer coefficient for different volume fractions,
and its comparison with the experimental results of Niezgoda-
Zelasko [Y°]
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Figure 4: Comparison of the effect of changing the population

balance model on the prediction of the heat transfer coefficient with
experimental results from the study by Lee et al. [Y£]
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Figure )Y: The effect of changing the diameter range in the
population balance model on the calculation of the average heat

transfer coefficient of the pipe, in comparison with the results of Lee
etal. [V€]
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