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Human Thermal Response Characteristics under Local Radiant Heat Exposure

Zhu Guodong"®  Liu Guodan'?  Ji Yihang'® Zhang Peiqi'> Ma Haonan"’
Zhang Yao'? Hu Songtao'”

(1. School of Environmental and Municipal Engineering, Qingdao University of Technology, Qingdao 266520,
China; 2. Health Environment and Low-Carbon Energy Engineering Research Center of Shandong Province, Qingdao
266520, China)

Abstract In indoor environments, people are often exposed to the non-uniform thermal radiation. Most existing research focuses on
changes in human thermal physiological responses and subjective thermal sensations under a single type of thermal radiation, such as
solar radiation or infrared radiation. To examine the differences in human thermal responses under solar radiation and infrared radiation
conditions, this study conducted separate local thermal exposure experiments involving solar and infrared radiation. Under both testing
conditions, skin temperature was measured and thermal sensation votes were collected. Differences in thermal sensitivity across body
parts under two radiation conditions were then calculated and analyzed. The results showed that, under the effect of solar radiation, a
unit increase in radiation intensity caused skin temperatures at various body parts to increase by 0.01-0.02 ‘C, whereas infrared
radiation produced a relatively greater increase in skin temperature at the exposed area, with reaches up to 1. 0 ‘C. The greatest changes
in the overall thermal sensation occurred when the chest was stimulated by solar or infrared radiation, exceeding 2. 0 scale units. Upon
stimulus application to limbs, such as the upper arm, forearm, thigh, and calf, overall thermal sensation changed most under the
condition of 400 W/m® solar radiation, whereas differences in overall thermal sensation were not significant under 200 W/m? solar
radiation and 4 W/m? infrared radiation. Under local exposure to solar radiation, thermal sensitivity ranged from high to low in the order
of chest, upper arm, forearm, thigh, and calf, whereas under local radiant heat exposure to infrared radiation, thermal sensitivity ranged
from high to low in the order of chest, upper arm, calf, thigh, and forearm. These findings provide a reference for more accurate

prediction of human thermal responses in radiant heat environments, and for optimizing indoor thermal environments.
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Tab.1 The basic information of the subjects
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Fig.1 Skin temperature measurement points layout and local

radiation heat exposure areas
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Fig.2 Solar radiation and infrared radiation local

thermal exposure experiment system

(taking the upper arm as an example)
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Fig.3 Subjective thermal sensation voting
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Fig.4 Temperature changes of the skin at the exposed parts

under solar radiation
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Fig.5 Temperature changes of the skin at the exposed parts

under infrared radiation
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Fig.6 The change in skin temperature of the exposed parts
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Fig.7 Comparison of overall thermal sensation changes
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Fig.8 Comparison of local thermal sensation changes
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