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Field Study of a Liquid-Desiccant Central Air-Conditioning System for an Apartment
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Abstract As an alternative to a conventional vapor compression cooling system, a liquid-desiccant central air-conditioning
system controlling air temperature and humidity independently, was installed in an apartment building testbed located
in Yongin, South Korea. Indoor and supply air conditions of each room were compared, and indoor thermal comfort
and energy performance were evaluated under hot and humid weather to verify applicability as a central air-conditioning
system for an apartment building. The proposed system can achieve high thermal comfort satisfaction in all rooms,
in terms of indoor temperature and humidity distribution and indoor air velocity, when operating for 45 h under the
hot and humid weather in summer. The seasonal energy efficiency ratio was estimated to be 1.91, which will increase
to 3.40 via the optimization of duct work and the use of energy-efficient fans. Based on the field test results, it can
be concluded that the proposed liquid-desiccant system is highly applicable as a central air-conditioning system for
multizone apartment buildings.
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(a) System configuration (b) Prototype
Fig. 1 Proposed liquid-desiccant central air-conditioning system.
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(a) Living room (b) Bedroom 1 (c) Bedroom 2 (d) Bedroom 3

Fig. 2 Test-bed of an apartment building.
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Fig. 3 Floor plan of test-bed.
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Table 1 Measuring instrument specification

Parameter Type Range Accuracy
Air flow rate Vane 0.4 ~30 m/s +(0.2 m/s + 2% of mv)
Air temperature NIC Temperature: -20 ~ 60T +0.5C
and humidity Relative humidity: 0~ 100% +(1.8%RH + 3% of mv)
Indoor turbulence Hot wire 0~5 m/s +(0.03 m/s + 4% of mv)
Globe temperature Thermocouple 0~120T Class 1 of EN 60584-1
Input power Current sensor and transformer Voltage: AC 480 V +0.5% of fs

Current: 150, 250, 400, 600 A/SA
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Table 2 On-site measurement of supply-air flow rate

. Living room diffuser Bedroom1 Bedroom?2 Bedroom3

Measurement location . . .
Near bedrooml  Near bedroom?2 diffuser diffuser diffuser
Supply air flow rate 158 m’/h 154 m’/h 132 m’/h 148 m’/h 120 m’/h

0.025

O Outdoor air

0.020 O Living room(RA)

A Living room(SA)
0.015 BedroomI(RA)
BedroomI(SA)

0.010 O Bedroom2(RA)

A Bedroom2(SA)

Humidity Ratio [kg/kg]

0.005
O Bedroom3(RA)

A Bedroom3(SA)

0.000 - - . . .
10 15 20 25 30 35

Dry-bulb temperature [°C]

(a) Distribution of outdoor, indoor, and supply air conditions on psychometric chart
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(b) Temporal variations of outdoor conditions

Fig. 4 Outdoor, indoor, and supply air conditions.
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Fig. 5 PMV evaluation.
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(b) Supply air humidity

Fig. 6 Comparison of supply air condition for each room.
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Table 3 Energy performance

Parameter Value Parameter Value
Living room 2.20 kW Compressors 191 kW 268 kW
Input power
) ) Bedroom1 0.90 kW 439 kW Fans and pumps 0.77 kW  (total)
Cooling capacity
Bedroom?2 0.74 kW  (total) Energy Compressors ~ 40.1 kWh 714 kWh
Bedroom3 0.54 kW consumption Fans and pumps 31.3 kWh  (total)
SEER (without fans and pumps) 3.40 kWh/kWh SEER (total) 1.91 kWh/kWh
_ 35
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(c) Energy efficiency ratio

Fig. 7 Temporal variations of cooling capacity, input power, and energy efficiency ratio.
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