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Abstract

In this study, the thermodynamic performance of a 1-ton ice-bank cold thermal energy storage system using R404A
refrigerantwas experimentally investigated during the charging process. The specific compressor work increased from
an initial value of approximately 50.kJ/kg by about 50% and reached a stable value of 74-76 kJ/kg over the time
interval of 80-100 min. Due to the dynamic nature of the freezing process, the evaporator cooling capacity initially
decreased, followed by fluctuationsyand subsequently gradually approached approximately 130 kJ/kg as the ice-layer
thickness increased, corresponding:to an overall reduction of about 2% from its initial value. The coefficient of
performance of the cycle decreased from an initial value of 2.5 by approximately 40% to about 1.5 under stable
conditions. The thermodynamic efficiency of the cycle also decreased from approximately 75% at the beginning of
the experiment by about 33% to nearly 50% under stable conditions, indicating an increase in thermodynamic losses
such as pressure drops and irreversibilities. Theresults show that the ice-bank system in the unmodified configuration
exhibits stable behavior with moderate efficiency and has considerable potential for performance improvement
through optimization of the operating conditions and refrigeration-cycle components. The presented data can be used
as a reference for validating performance-enhancement methods in future studies.
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1- Introduction conventional ice-bank systems remains

Cold thermal energy storage (CTES) can shift cooling
production from peak to off-peak periods and
consequently reduce peak electricity demand. Among
different CTES technologies, ice-bank systems are
attractive because of the high latent heat of water
during the solidification process.

Several studies have investigated the thermal and
thermodynamic performance of ice-based storage
systems. Yan et al. [1] experimentally studied the
dynamic melting process of an ice-on-coil storage
system, while Liu et al. [2] investigated an ice storage
device based on micro heat pipe arrays. Other studies
have examined direct-expansion air-conditioning
systems [3], seasonal ice storage [4], thermal energy
storage-integrated heat pumps [5], and ice-based
storage applications in power plants [6]. Erdemir et al.
[7] also experimentally investigated the effect of ice
storage on electricity consumption in a hypermarket.

Recent research has focused on enhancing ice-storage
performance, but the transient behavior of

underexplored. This study experimentally investigates
a/1-ton.R404A ice-bank system over a 440-minute
charging process, #evaluating compressor work,
cooling capacity, and COP to provide a baseline for
future improvements.

2-  Methodology

The experimental system consisted of a 1-ton vapor-
compression refrigeration| cycle, using R404A,
including a compressor, | air-cooled condenser,
expansion valve, evaporator, ice-bank.storage tank,
filter drier, and solenoid valve. The ice-bank tank had
a volume of approximately 20 L and contained a coil
arrangementfor ice formation. The experimentalsetup
was developed in a laboratory air tunnel ‘with
dimensions of 200 x 35 x 35 cm.

Temperature was measured using /13 T-type
thermocouples with an accuracy of +0.2 °C, while five
pressure transmitters with a range of 0-18 bar_ were
used for refrigerant pressure measurements.”Water
flow rate, air velocity, and relative humidity were also



measured. A PLC-based data-acquisition system was
used to record the experimental data. The charging
process,was performed for 440 min under controlled
laboratory conditions, and measurements were
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recorded every minute. The main components and
measurement instruments of the experimental air-
conditioning test system are shown in Fig. 1.
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Fig. 1. Experimental air-conditioning test system

The coefficient of performance was calculated from

cop=

Comp
Compressor power was calculated using the measured
voltage, current, and power factor:

1)

WCOmp =VI cos ¢, @)

Refrigerant properties were obtained from REFPROP
10.0 using the measured pressure and temperature
data. The experiments were repeated twice, with
expanded uncertainties of £5.1%, £6.4%, and £8.2%
for compressor work, cooling capacity, and COP,
respectively, at a 95% confidence level.

3- Results and Discussion
Fig. 2 shows the variation of compressor specific work

during the charging process. The compressor specific
work initially had a value of approximately 50-55
kJ/kg and increased to 74—76 kJ/kg after about 80-100
min. The increase is mainly related to the reduction in

evaporation temperature and suction pressure caused
by/ice formation. The increasing thermal resistance of
the icedayer and changes in the compression ratio also
contribute to the increased compressor work.
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Fig. 2. Variation of compressor work consumption vs:
time



As shown in Fig. 3, the evaporator cooling capacity
was_initially approximately 133 kJ/kg. It decreased
duringithe initial stage, followed by fluctuations, and
gradually approached approximately 130 kJ/kg. Thus,
the overall reduction in cooling capacity was about
2%. This behavior can be attributed to the increasing
thermal resistance of the ice layer, changes in the
effective heat-transfer conditions, and variations in
refrigerant mass flow rate.
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Fig. 3. Variation of evaporator cooling capacity vs. time

Fig. 4 presents the variation of COP. The initial COP
was approximately 2.5 and decreased significantly
during the first 30—40 min before reaching a relatively
stable value of approximately 1.5. The reduction of
about 40% is mainly associated with the decrease in
evaporation temperature, increase in compressor
work, and changes in condensation and refrigerant-
flow conditions.
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Fig. 4. Variation of COP vs. time

4- Conclusion

In this study, the transient performance of a 1-ton
R404A  ice-bank  refrigeration  system  was
experimentally investigated. The compressor specific
work increased from approximately 50-55 to 74-76
kJ/kg, while the evaporator cooling capacity decreased
slightly from about 133 to 130 kJ/kg. Consequently,
the COP decreased from approximately 2.5 to 1.5 as
ice formation progressed. These results show that the
system's performance during charging is mainly
limited by the rising thermal resistance of the ice layer
and the resulting shifts in refrigeration-cycle operating
conditions.
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Fig. 1. (a) Schematic of the air conditioning system used in the experiments and (b) several views of.the coil
configuration inside the ice-bank storage tank
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Fig. 2. Details of the experimental air conditioning test system.
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Table 3: Summary of Changes in Functional Parameters During the Charging Process
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Fig. 9. Temperature variation during the charging process inside the ice bank
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Abstract

In this study, the thermodynamic performance of a 1-ton ice-bank cold, thermal energy storage system using
R404A refrigerant was experimentally investigated during the/charging process. The specific compressor work
increased from an initial value of approximately 50 kJ/kg by about 50% and reached a stable value of 74-76
kJ/kg over the time interval of 80—-100 min. Due to the dynamic nature of the freezing process, the evaporator
cooling capacity initially decreased, followed by fluctuations, and .subsequently gradually approached
approximately 130 kJ/kg as the ice-layer thickness increased, corresponding to’an overall reduction of about 2%
from its initial value. The coefficient of performance of the cycle decreased from an initial value of 2.5 by
approximately 40% to about 1.5 under stable conditions. The thermodynamic_efficiency of the cycle also
decreased from approximately 75% at the beginning of the experiment by about 33%+to nearly 50% under
stable conditions, indicating an increase in thermodynamic losses such as pressure drops and irreversibilities.
The results show that the ice-bank system in the unmodified configuration: exhibits stable behavior with
moderate efficiency and has considerable potential for performance improvement through-optimization of the
operating conditions and refrigeration-cycle components. The presented data can be used as a reference for
validating performance-enhancement methods in future studies.
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Cold thermal energy storage, Ice bank, Experimental study, Vapor compression refrigeration cycle, Condenser
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