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Performance of a Hybrid Fresh-Air System with Dew-Point Evaporative
Cooling and Battery Energy Storage
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621010, China; 2. Ocean Engine (Chengdu) Information Technology Co. , Ltd. , Chengdu 610095, China)

Abstract A field test was conducted in an office building in Chengdu to evaluate the performance of a fresh-air system integrating
electrical energy storage, dew-point evaporative cooling, and mechanical refrigeration under humid summer conditions. A total of 6 589
stable data points over 11 working days were selected based on power, air velocity, operating duration, and air-state variations. The dew-
point evaporative cooler reduced the fresh-air temperature from 29.60 ‘C to 23.03 ‘C, corresponding to dew-point and wet-bulb
effectiveness values of 71.06% and 100. 34%, respectively. The enthalpy differences across the evaporative cooling and mechanical
cooling sections were 3.20 and 27.39 kJ/kg, respectively. The precooling load fraction was (10.39 + 3.31)% , and the system
coefficient of performance (COP) increased when this ratio exceeded 9. 81%. The daily mean COP ranged from 3. 16 to 3. 49, while its
variation after precooling coupling was (0. 82 + 4. 17)%. The 30 kW -h battery energy storage unit shifted 11. 70 kW +h of load per day,
yielding estimated savings of 4.59 —5.74 CNY. The evaporative cooling section primarily provided sensible precooling, whereas
mechanical refrigeration handled most of the enthalpy load and dehumidification. Adjusting the operation of the evaporative cooling
section based on outdoor air conditions can enhance the system’s adaptability to operating conditions.

Keywords dew-point indirect evaporative cooling; vapor-compression refrigeration; hybrid fresh-air system; precooling load share;

battery energy storage
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Fig.1 System configuration and energy flow
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Fig.2 Principle and psychrometric chart of the system
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Tab.1 Main experimental equipments and sensor specifications
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Fig.3 Testing device of experimental setup
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Fig.4 Sensor locations
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Tab.2 Standard uncertainties of the main performance

indicators induced by sensor errors
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Fig.5 Enthalpy reduction across the system
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the precooling-coupled system
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Fig.9 Air-side temperature variations in the system
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Fig.10 Air-side humidity ratio variations in the system
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