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A B S T R A C T

The free cooling system is a highly efficient solution that effectively regulates indoor temperature
when the ambient air temperature fluctuates within the thermal comfort range. Compared to tra-
ditional cooling systems, the evaporative cooling system excels in cost-effectiveness and has ex-
ceptional efficiency in hot and dry climates. However, the system's performance is significantly
influenced by the environment, leading to fluctuations in the outlet temperatures of the evapora-
tive cooler. A novel approach to integrating thermal energy storage with an evaporative cooling
system has been studied to achieve free cooling and stabilize the system's supply air temperature
to address this challenge. The evaporative cooler's design, construction, and experimental testing
have been carried out in highly challenging hot and dry environments. The utilization of phase
change materials (RT21HC and RT25HC) as a thermal energy storage system has been imple-
mented. Incorporating phase change materials has notably improved the stability of the outlet air
temperature from the evaporative cooling system. Furthermore, the outlet air temperature from
the system exhibited consistent fluctuations within the range of 21–25 °C, requiring a significant
amount of energy absorption and release to exceed these temperature thresholds. The findings
demonstrate that the proposed system effectively reduces and shifts peak load to off-peak hours.
Moreover, thermal energy storage can deliver free cooling during the spring and autumn. How-
ever, integrating the PAHX into an evaporative cooling system becomes crucial in regions charac-
terized by extremely hot summer seasons. The maximum deviation between numerical and ex-
perimental results is 4 %.

Nomenclature

H Height (m)
L Length (m)
T Temperature (°C)
W Width (m)
ma Air mass flow rate (kg/s)
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