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Study of Thermal Threshold and Counter-Measures for Human Body

in Oceanic Working Environment
(1st Report) Heat Balance Model and Heat Storage Index

by Masaki Murayama, Member

Nobuyoshi Fukuchi, Member

Michiko Nakahashi

Summary

The marine structure using under hot environment should be designed with careful thought of
defending the workers against heat stress. An adequate heat stress index of human body is necessary
for classifying the severity of working environment and taking some counter-measures.

In order to grasp the relation between the thermal state of human body and the thermal environmen-
tal factors such as operative temperature, metabolic heat and clothes, the experiment is carried out
during the excise by ergo-meter in the constant temperature and humidity room and under the sunshine
environment. Being based on the results of experiment, the heat balance model of human body is
established with a view of calculating the quantity of heat storage as a heat stress index.

Further, the storage of body heat defined in this report is clarified to be useful for various thermal

conditions.
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Table 2.1 Specification of the subject
subject |  age sex Reueht Nt body suface area
A 20 male 173 58 1.71
B 19 male 178 6 1.79
C 21 male 172 76 1.91
D 22 male 178 66 1.84
E 31 male 180 80 2.01

Table 2.2 Subject wear and rate of cloth surface area

rate of cloth surface area

wear ( include the lower half clothes)
the upper | 1. Stripped to the waist { without clothes) 55.0 %
haif of the | 2. running shirt(cotton) 66.8 %
body 3. long sleeve shirt (wool, cotton) 858 %
the lower | short pants and working trousers (cotton)
hail of the
body
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Table 2.3 Difference of temperature between start
and end of exercise, and metabolic heat
production

long sleeve shirt stripped to the waist
(cotton) {cotton) {cotton) {without clothes)

light heavy light heavy light heavy light heavy

subject | exercise | exercise | exercise | exercise | exercise | exercise | exercise | exercise
(10min) | (10min) | (10min) | (10min) | (10 min) | (10 min) | (10 min) | (10 min)
A o°c +0.01°C +0.94°C +0.49°C +0.29°C +0.89°C +0.10°C +030°C
112Wm? | 278 Wim? | 106 Wim® | 283 Wim® | 108 Wim* | 280 Wim? | 109 Wim? | 279 Wim?
B 0.09°C +0.20 T +0.01°C +0.22°C +0.14°C +0.37°C 0.17°C +0.27°C
18 Wim® | 274 Wim? | 108 Wim® | 276 Wim? | 108 Wim® | 276 Wim® | 108 Wim® | 276 Wim?
C 0.23°C +035°C -047°C +0.57°C +0.61°C +033°C -049°C +0.39°C
108 Wim? | 262 Wim? | 105 Wim® | 262 Wim’ | 106 Wim® | 263 Wim® | 105 W/m® | 262 Wim?

running shirt long sleeve shirt
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-u— average skin temperature

—e— rectal temperature

—— ambient air temperature

—+- humidity of the chest in clothes

-2~ humidity of the back in clothes
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Fig.2.1 Average skin temperature and rectal temperature in constant temperature

and humidity room (subject C)
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Fig. 2.2 Average skin temperature and rectal temperature in constant temperature and humidity room (subject D)

-in the case of changing the ambient air temperature-
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Fig.2.3 Average skin temperature and rectal temperature in constant temperature and humidity room (subject E)
-in the case of changing the ambient air temperature-
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Table 2.4 Difference of temperature between start
and end of exercise, and metabolic heat
production -in the case of changing the

ambient air temperature-

subject exercise:20°C rest:25°C exercise:25°C rest:30°C exercise:30°C

(30 min) (30 min) (30 min) (30 min) (30 min)
+0.45°C +1.62°C +0.93 'C +0.97 'C +0.3°C
D 129 Wim? 60 Wim* 129 Wim? 60 Wim? 129 wim?

dry dry dry dry sweating |
+0.46 "C +1.39°C -0.04 C +1.72°C -0.22°C
E 165 Wim* 60 Wim® 165 Wim* 60 Wim?* 165 Wim®
dry dry sweating dry swealing
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Table 2.5 Difference of temperature between start
and end of exercise, and metabolic heat
production-in the case of sunshine environ-

ment-
long sleeve shir(cotton) stripped to the waist
subject | light exercise heavy exercisc| light exercise [heavy exercise|
(10 min) (10 min) {10 min) (10 min)
+03°C +02°C 02°C 02°C
A 110 Wim® 284 Wim* 110 Wim® 285 Wim?
a few sweating sweating o -
o%c -17°C -12°C -07°C
B 108 Wim* 276 Wim? 108 Wim* 273 Wim?
dry sweating —
©01°C +0.6°C +1.0°C -13°C
C 105 Wim* 262 Wim’ 105 Wim? 262 Wim®
sweating sweating — —
09°C +0.3°C -L7°C -08°C
E 102 Wi’ 251 Wim? 102 Wim® 251 Wim®
sweating swealing -— -
800
R gt 3TN, |
)] 3 w | 1 . ]
§600—\-,-M \ ,’.E\l il! \ J .IHI‘"'“-.-M
< Uy T ul ‘
El u LI i i l”[ i -
£ 400 i H‘f | ‘ \‘ [ global solar radiation
220 i i ]
2 Ay i ) i
& 200 il i
- . . i
100 - -
i
80 : o [ e umidity of the chest in clothes ‘;_
; Eba
o i LG —=— humdity of ambient air :
S s [ ) i
= | —— !
S0 I | tmmidy of the back in clothes |
= T
2 ! i
E 50 -
z
£a0
3
€ 30-
20
34
32
30
28
s
§ | logpleeveshin| —————— Dl stripped tb the weast - ————
EEN : i
8~ w
2 Y A A b I . PITIS
A o~ A &7 . Y H o A
Ex. RS A e AR i AT i
S I ! T i
=0l | -
0 | ~®%—  skin temperatuce( 10 pont average) |
18 —%— average skin temperature ]
H I
16 i ——  atmospheric lemperature ]
14 -
i 3 Bl g HEH X W k] i 3 il 5§ 6 BuHpH g i ¥ i
ER I T EH I A
2 H < F] K] H ] 2 3
=3 a8 oz > H H 2 3 2 H
2 i 2 i H 2 P2 3 E
i . B i 2 i
time (min}

Fig. 2.4 Variation of skin temperature (subject A)
-sunshine environment-
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Variation of skin temperature (subject E)
-sunshine environment-
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¢=tan"'(sin ¢/cos ¢) (3.5)
TRT LW D,
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N3, BREMAICHT S LR SR FHCENENS
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BLTwuRwze, KEEE H MEVES ICB L TIRRE
U EREREIZR S,

HELHHE [ 3R E DS RE>SEELEE &R
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[kW/m?] (3.9)
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Fig.4.1 The heat conduction mechanism of the human —1_ 8 & 1
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Fig. 4.2 Temperature distribution and heat penetration
rate of fringe layer
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Fig.4.3 Relationship of the skin temperature and
calculated skin temperature (subject D)
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Fig. 4.4 Relationship of the skin temperature and
calculated skin temperature (subject E)
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