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𝑆 = (𝑀 − 𝑊) − (𝑅 + 𝐶 + 𝐸 + 𝐾) − (𝐶𝑟𝑒𝑠 + 𝐸𝑟𝑒𝑠)

𝑆 𝑀

𝑊

𝑅 𝐶 𝐸

𝐾

𝐶𝑟𝑒𝑠

𝐸𝑟𝑒𝑠





𝑀 𝑊,

𝑅 𝐶 𝐸 𝐾 𝐶𝑟𝑒𝑠 and 𝐸𝑟𝑒𝑠

(𝑆 = 0)

(𝑆 > 0)

(𝑆 < 0)

 

 

  

 

 

  

 

 

 

 

 

 

 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



(𝑆 < 0)

1Met = 58.15Wm−2

𝑀 = 66 + 13.7 ∙ 𝑤 + 5 ∙ ℎ − 6.8 ∙ 𝑎

𝑀 = 655 + 9.6 ∙ 𝑤 + 1.7 ∙ ℎ − 4.7 ∙ 𝑎

𝑤 ℎ

𝑎

𝑊

  

 

 

  

 

 

  

  

  

 

 

  

 

 

 

 

 
 

 
𝑨𝒓

𝑨𝑫𝒖

 

 

Fraction of skin surface involved in heat exchange by 

radiation…………………….…….…………………………
𝐴𝑟

𝐴𝐷𝑢
≈ 0.77 n.d.   

C Convective heat loss from skin………..……..........................………...Wm-2 

CORR Correction factor to clothing insulation……...……..............................….n.d 

Cres Convective heat loss from respiration……….…………..………….…Wm-2 

E Evaporative heat loss from skin…………………………………….….Wm-2 

EP Emissivity of the human body…………............................….𝐸𝑝 ≈ 0.97 n.d. 

Eres Evaporative heat loss from respiration……...……………………..…..Wm-2 

Fcl Reduction factor for sensible heat exchange due to the clothes warm….n.d  

fcl Clothing are factor…………………………………………...……….….n.d 

hc Convective heat transfer coefficient……………………...........…...Wm-2C-1  

hr Radioactive heat transfer coefficient………………...………….….Wm-2C-1 

Icl Intrinsic insulation of the clothing…………………………….……….....clo  

imdyn Dynamic permeability index for the clothing………………………….…n.d 

imst Static permeability index of the clothing………………..  𝑖𝑚𝑠𝑡 ≈ 0.38   n. d 

Lr Lewis relation……………………………….............….𝐿𝑟=1665   °C  kPa-1 

M Metabolic rate………………………….………………….………...…Wm-2 

Pa Vapor pressure of the environment............................................................kPa 

σ Stefan-Boltzmann constant………………...………....σ=5.67x10-8 Wm-2K-4 

Psat Saturation vapor pressure………….………………...........……………...kPa 

Psk Saturated vapor pressure at mean skin temperature…………….…….....kPa  

R Radiation heat loss from skin…………………………..…..………….Wm-2 

Ra Static insulation of boundary air layer………..........…𝑅𝑎 ≈ 0.11 m²ᵒCW¯¹ 

Retdyn Dynamic total water vapor resistance of the clothing system..….m2kPaW-1 

RH Relative humidity…………………………………..……………….…....(%) 

Rtdyn Dynamic thermal resistance of the clothing system……………… m²ᵒCW¯¹   

Rtst Static insulation of the clothing…………………………...........… m²ᵒCW¯¹   

S Rate of body heat storage……………………………...........................Wm-2 

Ta Air temperature…………………………………….……………………...ᵒC 

TG Globe temperature………………………………………….……...............ᵒC 

Tmrt Mean radiant temperature………………………………………………....ᵒC 

TS Dry temperature…………………………………..….……………............ᵒC 

Tsk Skin temperature………………………………………..........................…ᵒC 

Va Air velocity…………………………………………………….........…..ms-1 

W Mechanical power…………………………………………..……….…Wm-2 

WS Walking speed……………………………...……….…………………...ms-1 
  

 

 

  

 



𝑅

𝑅 = ℎ𝑟 ∙ 𝐹𝑐𝑙 ∙ (𝑇𝑠𝑘 − 𝑇𝑚𝑟𝑡)

𝑇𝑚𝑟𝑡 °C

𝑇𝑠𝑘 °C

𝑇𝑚𝑟𝑡 = 𝑇𝐺 + 1.9 ∙ √𝑉𝑎 ∙ [𝑇𝐺 − 𝑇𝑠]

𝑇𝑠𝑘 = 35.7 − 0.0285 ∙ 𝑀

ℎ𝑟

𝐹𝑐𝑙

ℎ𝑟 = 𝜎 ∙ 𝐸𝑝 ∙
𝐴𝑟

𝐴𝐷𝑈

∙
[(𝑇𝑠𝑘 + 273)4 − (𝑇𝑚𝑟𝑡 + 273)4]

(𝑇𝑠𝑘 − 𝑇𝑚𝑟𝑡)

𝐹𝑐𝑙 =
1

(ℎ𝑐 + ℎ𝑟) ∙ 𝐼𝑐𝑙 ∙ 0.155 + 1 𝑓𝑐𝑙⁄

𝐼𝑐𝑙

𝑓𝑐𝑙

𝐼𝑐𝑙

𝑣𝑎

𝑓𝑐𝑙 = 1 + 0.31 ∙ 𝐼𝑐𝑙

ℎ𝑐 = 8.7 ∙ (𝑣𝑎)0.6

𝐶 =
(𝑇𝑠𝑘 − 𝑇𝑎)

𝑅𝑡𝑑𝑦𝑛

𝑇𝑎

°C

𝑅𝑡𝑑𝑦𝑛 m2 ∙

°C/W

 𝑅𝑡𝑑𝑦𝑛

𝑅𝑡𝑑𝑦𝑛 = 𝑅𝑡𝑠𝑡 ∙ 𝐶𝑂𝑅𝑅

 

𝑅𝑡𝑑𝑦𝑛 m2 ∙

°C/W

 𝑅𝑡𝑑𝑦𝑛

𝑅𝑡𝑑𝑦𝑛 = 𝑅𝑡𝑠𝑡 ∙ 𝐶𝑂𝑅𝑅

𝑅𝑡𝑠𝑡 = 𝐼𝑐𝑙 ∙ 0.155 + 𝑅𝑎/𝑓𝑐𝑙

 𝐶𝑂𝑅𝑅

𝑊𝑆 = 0.0052 ∙

(𝑀 − 58)

𝐶𝑂𝑅𝑅 = 𝑒(0.043−0.398∙𝑉+0.066∙𝑉2−0.378∙𝑊𝑆+0.094∙𝑊𝑆2)

𝑃𝑠𝑘

𝑃𝑎

𝐸 =
𝑤 ∙ (𝑃𝑠𝑘 − 𝑃𝑎)

𝑅𝑒𝑡𝑑𝑦𝑛

𝑤 =

0.001 ∙ 𝑀

𝑃𝑎 = 𝑃𝑠𝑎𝑡 ∙ 𝑇𝑎 ∙ 𝑅𝐻

𝑃𝑠𝑎𝑡

𝑃𝑠𝑘

𝑅𝑒𝑡𝑑𝑦𝑛

𝑝𝑠𝑎𝑡 = 0.1333 ∙ 𝑒
(18.6686−

4030.183
𝑇𝑎+235

)

𝑃𝑠𝑘 = 0.1333 ∙ 𝑒
(18.6686−

4030.183
𝑇𝑠𝑘+235

)

𝑅𝑒𝑡𝑑𝑦𝑛 =
𝑅𝑡𝑑𝑦𝑛

𝐿𝑟 ∙ 𝑖𝑚𝑑𝑦𝑛

𝑖𝑚𝑑𝑦𝑛 = 𝑖𝑚𝑠𝑡 − 6.5 ∙ 𝐶𝑂𝑅𝑅 + 2.6 ∙

𝐶𝑂𝑅𝑅2

𝐶𝑟𝑒𝑠

𝐸𝑟𝑒𝑠

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

            

            

  

            

         

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 



 

𝐶𝑟𝑒𝑠

𝐸𝑟𝑒𝑠

𝐶𝑟𝑒𝑠 = 0.0014 ∙ 𝑀(34 − 𝑇𝑎)

𝐸𝑟𝑒𝑠 = 0.0173 ∙ 𝑀(5.87 − 𝑃𝑎)

(𝑊𝑚−1𝐾−1)

𝑅(𝑚2𝐾𝑊−1)

𝑅(𝑚2𝐾𝑊−1)

𝑅(𝑚2𝐾𝑊−1) =
ℎ(𝑚)

(𝑊𝑚−1𝐾−1)

ℎ(𝑚)

 𝑀 = 9.2 met 𝑀 =

9 met  𝑀 = 6.61 met

 𝑀 = 4.46 met

(𝑆 = 0)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Material Thermal conductivity 

(Wm-1·K-1)x10-3 

100% cotton 55.27 

100% regenerated bamboo 45.04 

50:50% reg. bamboo-cotton 49.66 

Air temperature, Ta (C)
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𝑻𝒂 = 𝟒𝟏°𝐂

𝑃𝑎 = 143.5 kPa

𝑅𝐻 = 45%

𝑉𝑎 = 3.63m/s

𝑇𝑚𝑟𝑡 = 33.47°C

𝜎 = 5.67𝑥10−8w/m2K2

𝐸𝑝 = 0.97

𝐴𝑟/𝐴𝐷𝑈 = 0.77

𝑅𝑎 = 0.11

𝐼𝑚𝑠𝑡 = 0.38

𝐿𝑟 = 16.65°C/kPa



Clothing Isolation, Icl (Clo)
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Intrinsic Insulation of the Clothing, Icl (Clo)
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reg. bamboo-cotton

 from Fig. 6 it is observed that intrinsic insulation 

of the clothing increases when clothing thickness is increased. 

It is seen that 100% regenerated bamboo can reach isolation 

values using smaller clothing thickness than 100% cotton and 

50:50% regenerated bamboo: cotton. For example, 3 clo of 
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