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Thermal sensation based humidity controls for improving indoor thermal comfort and
energy efficiency in summer
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Abstract

This study aims at investigating the benefit of actively controlling humidity to improve thermal comfort and energy
efficiency in climate zones other than hot-dry. For this research purpose, three thermal control strategies, which adopted
different initiative degrees in humidity control, were developed - i) temperature controls, ii) temperature and humidity
controls, and iii) thermal sensation controls. Performance of the developed strategies were experimentally tested in a full
scale mock up of an office environment. The study revealed that air temperature was better controlled in the occupied
zone under the first two strategies than the thermal sensation based strategy. On the other hand, the thermal
sensation-based strategy maintained thermal sensation levels more comfortably. In addition, energy consumption was
significantly reduced when humidity was actively controlled for thermal comfort. The thermal sensation-based control
strategy consumed significantly less electricity than the first two strategies. From these findings, this study indicated that
adoption of an active humidity control system based on thermal sensation can provide increased thermal comfort as
well as energy savings for summer seasons in climatic zones other than hot-dry.
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Table 1. Equations for Predicting Thermal Sensation (Y)
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Gender

Regression Equations

t=dry-bulb temperature, °C

p=vapor pressure, kPa

Male
Female
Combined

Y=0.220t+0.233p-5.673
Y=0.272t+0.248p-7.245
Y=0.245t+0.248p-6.475

Male
Female
Combined

Y=0.221t+0.270p-6.024
Y=0.283t+0.210p-7.694
Y=0.252t+0.240p-6.859

Male
Female
Combined

Y=0.212t+0.293p-5.949
Y=0.275t+0.255p-8.622
Y=0.243t+0.278p-6.802
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Fig. 1. Temperature control logic
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Table 2. Outdoor thermal conditions for the test periods

Operating Time
Humidity (%)

Control Strategies
Temperature (°C)

Temperature Control 21.67 51.30

Temperature and
Humidity Controls 22.60 52.80
TS Controls 22.51 52.17
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Table 3. Duration of cooling and humidifying operations

Operating Time
Control Strategies
Cooling Device Humidifying Device
12:52 - 13:16
Temperature 15:12 - 16:36 -
ontrois 16:55 - 17:18
Temperature and 11:38 - 12:22
Humil(’h Controls 15:47 - 16:12 12:14 - 16:25
ty 17:13 - 17:30
TS Controls - 19:30 - 17:30
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