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研究成果の概要（和文）：本研究の目的は簡単に様々な姿勢でのclo値を測定可能な新しい方法を開発することである
．この目的のため，人体と熱流束計および人呼気代謝分析装置を用いたclo値測定実験を行い，サーマルマネキンによ
る実験結果と比較検討した．
サーマルマネキンと比較して人体によるclo値は小さくなる傾向があった．人体は気温の違いや衣服の有無に対して，
体表面からの放熱量を約60[W/m2]に保った一方で，皮膚温を29から32℃に変動させた．これは体温調節機構の働きによ
るものであり，このために人体によるclo値が小さくなると考えられる．体温調節機能を前提とした人体を用いた新た
な着衣熱抵抗測定方法の開発が必要である．

研究成果の概要（英文）：The purpose of this research is to develop a simple new clo value measuring 
method. The clo value measurement experiment use "human body and heat flux sensor" and "human body and 
metabolic analyzer" were conducted. In addition, comparison and examination with the clo value in the 
thermal manikin were also performed.
Clo value measured by using a human body is smaller than that of by using a thermal manikin who 
maintained the skin temperature fixedly. The heat loss from the human body was about 60[W/m2] regardless 
of the temperature difference and clothes. On the one hand, the human body changed skin temperature from 
32 ℃ to 29℃. This is because the human body has thermoregulation system. It maybe inevitable that clo 
value measured by using a human body is smaller than that of by using a thermal manikin who maintained 
the skin temperature fixedly.
Consideration of clo value measurement method that premised on a thermoregulation system of a human body 
is needed.

研究分野： 建築環境工学

キーワード： 着衣熱抵抗　clo値　熱流束計　呼気代謝分析　サーマルマネキン　姿勢　日本の住宅　温熱環境評価
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Table 1 The clothes used for measurement

Table 2 Characteristic of subjects 

Fig. 1 Nude subject attached sensor of heat flux 
meter (Left) 
Fig. 2 Subject wore clothes and attached mask of 
metabolic analyzer (Right) 
 
Table 3 Thermal environment condition of 
chamber 

Subject Sex Age Height
 (cm)

Weight
 (kg)

Body surface area
 (m 2 )

M. A Male 20 177.00 66.11 1.804 
M. B Male 19 173.65 60.50 1.721

Garment Material (%) Weight (g)
Shorts Cotton ( 78.0 ), Polyurethaner ( 22.0 ) 145

Sweatshirt Polyurethaner ( 100.0 ) 494
Pants Cotton ( 100.0 ) 72

Sweatpants Polyurethaner ( 100.0 ) 391

Socks Polyester ( 56.8 ), Cotton( 40.8 ),
Polyurethane ( 1.8 ), Nylon ( 0.6 ) 54

Air temperature setting 22 [ ] 24 [ ] 26 [ ]
Relative humidity setting

Air velocity
50 [%]

> 0.2 [m/s]



 

 

able 4 Measurement results of clo value 
(Standing)  

 
Table 5 Measurement results of clo value 
(Sitting on chair)

a) nude 

b) clothed 

Fig. 3 Heat loss from body in “standing” posture 

a) nude 

b) clothed 

Fig. 4 Mean surface temperature 

 in “standing” posture 

Measuring device 22 24 26
Thermal manikin 0.62 0.58 0.54
Heat flux sensor 0.69 0.46 0.52

Metabolic analyzer 0.51 0.39 0.33

Measuring device 22 24 26
Thermal manikin 0.64 0.36 0.58
Heat flux sensor 0.44 0.41 0.39

Metabolic analyzer 0.44 0.21 0.26
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a) nude 

b) clothed 
Fig. 5 Heat loss from body  

in “sitting on chair” posture 

a) nude 

b) clothed 

Fig. 6 Mean surface temperature  

in “sitting on chair” posture 
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