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Experimental study of the effect of mechanical vibration on the water
solidification rate in ice-on-coil energy storage system
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Various solutions have been suggested to overcome the issue when cooling peak hours and electric
Received 28 December 2017 energy consumption coincide. One of the solutions is to store the cooling load at off-peak hours. One of
Accepted 17 February 2018 the most conventional types of storage systems is the ice-on-coil storage system. The low heat transfer

Available Online 02 March 2018 oSy ' | . € aLtr
vatiable Oniine Bz Marc rate in this system is one of the challenges. Since the conduction heat transfer coefficient of ice is low,

by starting the ice formation, the heat transfer between the refrigerant inside the coil and the reservoir’s

Keywords: . . . A . .

Water Freezing water will reduce. One idea to increase the heat transfer rate is to postpone the starting time of the
Mechanical Vibration freezing process to keep active the natural convection mechanism. In the present study, mechanical
Ice On Coil Storage System vibration has been used to linger freezing initiation in ice-on-coil energy storage system. The effect of

longitudinal and lateral positioning of the probe, on the amount of temperature and initiation time of
freezing as well as the amount and structure of formed ice has been investigated. The results revealed
that placing the vibrator at the middle of coil over its two ends leads to further increase in the amount of
formed ice. It is found that applying mechanical vibration can postpone the initiation time of the
freezing process and decrease the subcooling temperature. Moreover, it is shown that the amount of ice
formation is a function of subcooling temperature and initiation time of freezing. Finally, the energy
consumption of the vibrator and the energy consumption reduction in peak-hour are calculated.
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Fig. 2 Ice storage system and cooling machine (compression chiller)
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Fig. 4 vibration transfer mechanism
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Fig. 6 The temperature recorded by the sensor located on the adjacent
coil surface for three different lateral distances of the vibrator
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Fig. 7 Total heat transferred from the reservoir every 20 minutes for
three different cross-sections of the vibrator
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Table 1 the effect of lateral position of the vibrator from the coil on the

solidification parameters after 280 min from beginning of experiment
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Fig. 10 During the freezing process, the thickness of the ice in the knee
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Fig. 9 The temperature recorded by the sensor located on the adjacent
coil surface for three different position of the vibrator probe
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Fig. 11 Total heat transferred from the reservoir every 20 minutes for
three different position of the vibrator probe
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Table 2 The effect of longitudinal position of the vibrator inside the

storage tank on the solidification parameters after 280 min from
beginning of experiment
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