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Analysis of charging and discharging characteristics of an
integrated phase-change cold thermal energy storage system
for telecommunication base stations
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Abstract: To meet the cooling-capacity regulation demand of telecommunication base-station
cooling systems under outdoor environmental variations and fluctuating cooling loads, this
study developed a high-efficiency integrated cooling-storage phase change cold thermal
energy storage (CTES) experimental rig and experimentally characterized the cold storage
capacity and charging/discharging behaviors of plate-type phase change material (PCM)
modules. The results show that for pure-water storage from 15°C to 4°C at 5 m?h, the
measured stored cooling capacity was 21781 kJ, deviating by 3.81% from the theoretical
value of 20981.6 kJ, with a round-trip efficiency of 83%—86%, confirming the reliability of the
measurements. In the PCM-plate mode at 5 m*h, cooling from 27.2°C to 4.03°C achieved a
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cumulative charging capacity of 55025.5 kJ and a corresponding discharging capacity of
42184.5 kJ; the peak charging power reached 4.75 kW and decayed over time. Increasing the
flow rate from 4 to 5 m’’h enhanced the charging power by 38.3% and shortened the time
required to reach the same stored cooling capacity by 4.7 h. Under identical operating
conditions (15°C to 4°C ), the system-level cold storage capacity increased from 20000 kJ
(pure water) to 40000 kJ with PCM integration; for a water volume of 218.72 L and a PCM
volume of 237.6 L, the PCM latent cooling capacity was 29943.3 kJ, corresponding to a
volumetric energy storage density of 126.03 kJ/L, compared with 45.98 kJ/L for pure-water
sensible storage, indicating that the PCM contribution reaches 2.74 times that of pure-water
cold storage. These results provide design-relevant data and experimental evidence for plate-
type PCM latent CTES in telecommunication base-station applications, supporting peak
shaving and load leveling and facilitating engineering deployment.

Keywords: integrated cooling-storage; plate-type phase change cold energy storage; cold

storage power; round-trip efficiency; telecommunication base-station cooling
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Fig. 1 Schematic structure of LHTES. (a) Photograph of a single phase change cold plate, (b) Heat transfer
fluid channels between adjacent cold plates, (c) Three-dimensional view of the cold storage tank of the LHTES
unit, (d) Design drawing of the perforated baffle plate in the cold storage tank
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Fig. 2 Schematic of the Experimental facilities:
(a) 3D design drawing of the Cooling system
integrated with LHTES device: 1—Fan coil unit;
2—Control panel; 3—Cold storage tank;
4—Temperature/pressure sensor; 5—Circulation
pump; 6—Cold energy meter; 7—Electric valve;
(b) Actual photograph of the device, water tank, and
chiller (the three constitute the complete LHTES cold
release and storage operation modes); (c) Actual
photograph of the internal cold storage tank
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Table 3 Model and specifications of the machine
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Fig. 3 Working flow diagram of the high-efficiency integrated cooling-storage phase change cold thermal
energy storage system: (a) Charging process; (b) Discharging process
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Fig. 4 Pure-water experiments of the high-efficiency
integrated cooling-storage phase change cold
thermal energy storage system: (a) Charging
process; (b) Discharging process
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in the high-efficiency integrated cooling-storage
phase change cold thermal energy storage system:
(a) Charging process; (b) Discharging process
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Fig. 7 Effect of flow rate on cold storage power:
(a) variation of cold storage power at volumetric flow
rates of 4 m*h and 5 m*h; (b) cold storage power
evolution during the charging period from 50 to
250 min
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