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Heat balance equation of human body by wet bulb-, black globe-, and air-temperatures
and its correspondence to WBGT index
- Part 1 Descriptions of heat balance equation of human body for indoor environments
and influence of supposed skin wettedness on it -

Tomonori SAKOI", Kouhei KUWABARA "2, Tohru MOCHIDA ™2
*! National Institute of Advanced Industrial Science and Technology, > Hokkaido University

Abstract : The authors described each term in the heat balance equation of human body by wet bulb-, globe-, and air
temperatures. Based on the descriptions, we clarified that the rise in air temperature at fixed globe- and wet
bulb-temperatures frequently encouraged heat dissipation from the human body, since it closely corresponded to the
descend of humidity at a constant operative temperature. In addition, we made numerical analyses under the conditions
where metabolic heat production, static clothing insulation, static clothing permeability factor, and air velocity ranged from
1 to 4 met, 0.2 to 1.5 clo, 0.05 to 0.5 N.D,, and 0.15 to 3.35 m/s, respectively, and compared the influence of wet bulb
temperature (/,) with the influences of globe temperature (7,) on the skin temperature. When skin wettedeness (w) and static
clothing moisture permeability factor (/) Were supposed to be high (w= 1.0 and i, = 0.35), the magnitude of /, became
relatively large (0.56 — 0.86) and that of I, became relatively small (0.25 — 0.31). However, when they were supposed to be
little (w = 0.5 and i,,,,4 = 0.05), the magnitude of J,, became relatively small (0.13 — 0.31) and that of I, became relatively
large (0.44 - 0.58), for the same conditions. The supposed w and i« had strong impact on the magnitudes of 7, and Z,.
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Table 1 Ranges of 1,,, I,,, I, and C of for each w under the

checked conditions

Wmax [ND.] I,[ND] L[ND] L[ND] CI[TC]

0.5 0.12~0.75 0.20~0.81 —0.08~0.32 3.3~38.1
0.65 0.13~0.81 0.16~0.78 —0.10~0.29 3.4~37.1
0.8 0.14~0.96 0.14~0.75 —0.12~0.27 -1.7~36.1
1.0 0.17~1.03 0.12~0.71 -0.13~0.24 -2.0~35.1
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W max = 0.5 N.D., M = 3.25 met,
v = 0.35ms, i ¢ = 0.35 N.D.
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Static clothing thermal insulation 7, ;, [clo]

Fig. la I, I,, and I, for each Iy in moisture permeable

clothing (at w . = 0.5)
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v = 0.35ms, i o o = 0.35 N.D.
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Static clothing thermal insulation 7 ,, [clo]

Fig. 1b 1, I, and I, for each I in moisture permeable
clothing (at w . = 1.0)
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Static clothing thermal insulation 7, [clo]
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. 2a 1,, I, and I, for each I, in moisture non-permeable
clothing (at w . = 0.5)

W mex = LON.D., M =3.25 met,
v =0.35m/s, i, 4 = 0.05 N.D.
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Static clothing thermal insulation 7 4 [clo]

Fig. 2b I,, I, and I, for each I in moisture non-permeable
clothing (at w . = 1.0)
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