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Flow Analysis and an Experimental Study on Formation of Slurry Ice

in the Reversing Flow Layer
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Abstract: Thermal energy storage(TES) cooling system using cheaper electricity of off-peak time has been
applied to relieve a significant portion of the peak demand of electricity during the daytime in summer.
Slurry ice type thermal energy storage cooling system is one kind of more efficient ice-thermal energy
storage cooling system than Ice-on-Coil type or Encapsulated type TES cooling system, even though, which
are more popular TES system. This experimental study was carried out to observe flow pattern and
formation of slurry ice in reversing flow layer to improve efficiency of heat transfer between fluid and
freezing tube and to disturb ice adhesion on tube surface. The reversing flow layer was made by using
reversing materials in heat exchanger section(test section) to disturb ice adhesion. At this experiment,
styrofoam balls and poly propylene balls were used as reversing materials, and a 20wt% solution of
ethylene glycol was used as reversing flow layer. The experimental apparatus was constructed of the test
section for making/storing slurry ice, the brine tank, pumps for circulating of a 20wt% solution of ethylene
glycol and brine, a flow-meter, a data logger for measuring the temperature. The experiments were carried
out under various conditions, with volumetric flow rate, ball filling rate and air filling rate.

Key words: Ball filling rate, Ice adhesion, Ice-thermal energy storage cooling system, Reversing flow layer,

Slurry ice
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. Ice Packing Factor

AFR : Air Filling Rate
BFR : Ball Filling Rate
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Figure 1: Schematic  diagram  of  experimental
apparatus
Table 1: An experimental condition
Condition Range
Ball Diameter [mm] 10, 15
Ball filling rate [%] 0, 33, 50
Mean velocity [Ms] 0.07, 0.10, 0.13
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@ Flow-regulating Valve
@® Flow-meter

® Brine Pump
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Table 2: An experimental condition

Condition Range
Mean Velocity [ms] 1.83, 2.38, 2.94
Ball Filling Rate [%] 0, 15, 30
Air Filling Rate [%] 0, 10, 20
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Figure 3: Test section
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