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Prediction of practically chargeable cold energy in an ice storage system
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Abstract

The charge operation of an ice storage system has been analyzed in this paper. The
thermal characteristics of major components of the ice storage system, i.e., the refrigerator
and the ice storage tank are evaluated from performance tests on an existing ice storage
system. Based on the measured data for thermal characteristics, a simulation is carried out
for the charge operation and the effect of the refrigerator size on the system performance
is investigated. The results indicate that the larger the refrigerator size for a given storage
capacity, the lower the inlet temperature of the ice storage tank so that the lower the effi-
ciency of charge operation. It is also found that there exists an optimal size of the refri-
gerator with which the ice storage at the end of the charge operation is maximized, but
the complete charge is not possible even with the optimally sized refrigerator. This leads
to the result that the design capacity of the storage tank should be larger than the re-
quired amount of cold energy for the daytime cooling considering the practically char-
geable amount of cold energy during the nighttime. Where the cooling load sharing of the
storage is 40%, the nominal capacity of an ice storage tank needs to be larger than the
required storage amount by 30%.
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Table 1 Ice storage system configuration
Compressor Single stage screw compressor
Condenser Shell-and-tube type, coolant flow rate : 450//m
Evaporator Shell-and-tube type, chilled water flow rate : 400//m
Refrigerator Refrigerant R22

Nominal capacity

92.4kW (coolant inlet temp. 32°C, chilled water outlet temp. 7C)

Nominal COP

2.92(coolant inlet temp. 32°C, chilled water outlet temp. 7C)

Part load control

Continuous control between 25~100% of full load capacity

Ice storage tank

External size

1.6X2.42%2.08m

Water content

477m

Heat tranfer area

178m’

Brine flow rate

Typical-350//m

Nominal capacity

125Rt - hr(1,584M])

Charge ratio sensor-water level sensor

Sensors .
Water temperature sensor-thermister
Working fluid Water and ethylene-glycol mixture-75/25 by volume
Flow meter Vortex shedding type, 30~1,300//m, *1%Rdg.

Temperature sensors

T-type thermocouple, £0.05C
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(c) COP with respect to the load ratio of the
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Fig.1 Performance characteristics of the
refrigerator
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Fig.4 Variation of the charge-operation condition with respect to the increase in the charge ratio
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