


Anatomically-based Human models
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Perspiration coefficient versus core temperature
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Perspiration coefficient versus skin temperature
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Modeling of Perspiration
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TS : skin temperature [oC] TH :hypothalamus temperature [oC]

TS0 : set skin temperature [oC] TH0 :set skin temperature [oC]

S : body surface area [m2] PI : evapolative loss ［W/m2］



Skin temperature variation for different ambient 
temperatures Tsuzuki et al, J. Appl. Physiol.1998.

Volunteers: 8 age: 31 average height: 154 cm 
Average weight 50.9kg      average surface area: 1.43m2
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Skin temperature variation for different ambient 

Volunteers: 8 age: 31 average height: 154 cm 
Average weight 50.9kg      average surface area: 1.43m2

Tsuzuki et al, J. Appl. Physiol. 1998.temperatures
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Core temperature variation for different ambient 
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temperatures
Volunteers: 8 age: 31 average height: 154 cm 
Average weight 50.9kg      average surface area: 1.43m2

Tsuzuki et al, J. Appl. Physiol.1998.

0.6
28℃ 28℃35℃

ve age we g t 50.9 g ave age su ace a ea: . 3

0.4 ref(1) : rectal

is
e

[℃
] Simulation : blood

0.2

m
pe

ra
tu

re
 ri

Adult
15%

0

Te
m 0.19oC 0.16 OC

-0.2

Time [minutes]

0 20 40 60

SW : average perspiration rate



Core temperature variation in different ambient 
Tsuzuki et al, J. Appl. Physiol.1998.temperatures

Volunteers: 8 age: 31 average height: 154 cm 
Average weight 50.9kg      average surface area: 1.43m2

0 6 ve age we g t 50.9 g ave age su ace a ea: . 30.6
28℃ 28℃35℃

0.4

is
e

[℃
]

0 41oC

ref(1) : rectal
Simulation : blood

10%

0.2

m
pe

ra
tu

re
 ri

Adult

0.41oC

0.37oC

0

Te
m

-0.2

Time [minutes]

0 20 40 60

SW : average perspiration rate



2n[W/kg] n = 5
[W/kg]

n = -10
(32.0) (9.8×10-4) WBSAR ： 0.08W/kg[W/kg](32.0) (9.8×10 )

3yearsFemale3yearsFemale

A. Hirata et al., Phys. Med. Biol., vol.53, pp.5223-5238, 2008.



WBSAR ： 0.08W/kg2n[oC] n = -2.25 n = -5.75
(0 21) (0 02)[oC]

n = -3.25
(0 11)

n = -5.00
(0 03)(0.21) (0.02)[oC] (0.11) (0.03)
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A. Hirata et al., Phys. Med. Biol., vol.53, pp.5223-5238, 2008.



Core Temperature Rise vs WBSARCore Temperature Rise vs WBSAR



Dominant Factor Influencing Core Dominant Factor Influencing Core 
Temperature Elevation

E Adair and D Black Bioelectromag Suppl vol 6 S17-S38 2003

RF CONVM P P S   M : Basal MetabolismPCONVPRF
S

S. Ebert, et al., Phys. Med. Biol., vol.50, pp.5203-5215, 2005
E. Adair and D. Black, Bioelectromag. Suppl., vol.6, S17-S38, 2003

RF CONV PRF : RF power Absorption

S : Power stored in Human
PCONV : Heat Convection to AirM
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M d l W i ht [k ] H t T f C ffi t [W/ 2 oC]W H: Model Weight [kg]
SARWBave : WBA-SAR[W/kg]

: Heat Transfer Coefficent [W/m2・oC]
: Specific Heat Averaged Over Body [J/kg・oC]

W H
CWBave

sw : Perspiration Coefficient[W/m2  oC]

A. Hirata et al., Prog. In Electromag. Res., vol.99, pp.53-70, 2009.



When coefficients of perspiration rate in children isWhen coefficients of perspiration rate in children is
assumed to be identical to those of adults,
computational results are in good agreement withcomputational results are in good agreement with
measurements. (Computation vs measurements)
F RF t t l ti i thFor RF exposures, core temperature elevation in the
children is expected to be smaller than those in adults
d t l f t i ht tidue to larger surface area-to-weight ratio.
(Computational estimation)


