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A study of thermal storage management and control in
the human body associated with physical exercise

-Possibility of predicting the elevation in body temperature by ergometer
exercise and controlling of the body temperature regulation by using
water-cooling systems when wearing firefighter suits-

Hirofumi MONOBE, Masaki MURAYAMA, Harumi IKUNO

Abstract
Firefighter suits are air-tight clothes resistant to flame and radiant heat. It is therefore important to release
the metabolic heat of the human body when wearing them. In this study, we attempted to control the body
temperature by using water-cooling systems, and to predict the rise in body temperature while exercising
wearing firefighter suits. As a result,
With the bicycle ergometer exercise experiments wearing firefighter suits under high temperature (30 C ),
it was possible to estimate the degree of body-temperature elevation of the subject from his metabolic rate
during the exercise.
In controlling the body temperature using water-cooling systems, we recognized the need to ensure sufficient
cooling capacity in relation to the amount of heat loss.
Since it was estimated from past studies that the subject's comfort would be impaired if the refrigerant is
uncontrollable, we found it important to control the body temperature with skin temperature sensor feedback

and computer control.
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S=M — W — Cres — Eres - K- C — R — Esk &)

S: AN & (body heat storage) (W/ ndi)

M : 3= (metabolic rate) (W/ i )

W : #8725 (effective mechanical power) (W/ nd )

Cres: M2 X 2 X BUziE (respiratory convective heat flow) (W/ nd )
Eres: MH% 12 & % 285602, (respiratory evaporative heat flow) (W/ )
K : {zE 3t (conductive heat flow) (W/ ni)

C: ®ii i (convective heat flow) (W/ ni)

R: #E4# (radiative heat flow) (W/ nd)

E. : 2 T A & D258, (evaporative heat flow) (W/ ni)
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Subject| Age | HT(cm)|WT(kg) Surfa;e(m )
M1 32 170 67 1.73
M2 22 178 71 1.83
M3 22 160 48 1.43
M4 21 166 58 1.60

XpEATIZLYEH BSA = W4 x HO%%° x 0.008883
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RN 3T L 2 8 502 100 171
DLIAEE 1 2 184 37 63
K BB 13 5 325 65 111
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