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Three-dimensional human body surface model
in consideration of the heat transfer area
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ABSTRACT: A three-dimensional human body surface model was developed and its validity was verified. Use of the
three-dimensional human body surface model enables accurate calculation of the amount of heat exchange between the human
body and the environment in a numerical simulation. A non-contacting three-dimensional digitizer was used for measurement,
with a nude male in the standing posture selected as the subject. The simulation model was comprised of about 11,400 triangular
polygons. Verification of the validity of the simulation model was performed by comparison of the heat transfer area. The results
showed that the difference between the convection area of the simulation model and the human body was 0.4%. In addition, the
differences in radiation area and contacted surface area between them were 2.6% and 9.5%, respectively.
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Fig. 1 Three-dimensional human body surface

simulation model.



Table 1 Three-dimensional human body surface model’s data

Number of points Rate(%) Number of polygons Rate(%) Surface area(ni) Rate(%)
Measured model 113796 100 227549 100 1.7311 100
Simulation model 5690 5.00 11337 4.90 1.7245 99.62
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Non- . i
Surface on . Convection Effegtwe
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Table 3 Comparison of contacted surface area ratios in

the previous studies

Area ratio  Number of subjects

Investigator ~ Year

(N.D.) Male Female
Kurazumi et al. 1997 0.01 15 -
Kurazumi et al. 1998 0.01 - 15
Miyamoto et al. 2000 0.01 13 13
Authors 2003  0.0127 1 -

Area ratio is contacted surface area ratio.
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Fig. 2 Coordinate system for the measurements of the
configuration factors between the point and the
human body. Lines crossing points are the

measurement points.

Table4 Effective radiation area factor of the human body

Contacted surface area(mz)

Radiation area (mz)

Effective radiation area factor (N.D.)

Included contacted
surface area

Excluded contacted
surface area

0.0229 1.3948

0.783 0.770




Table 5 Comparison of effective radiation area factors in the

previous studies

Factor Number of subjects

Investigator Year (ND) ~ Malo Formale
Bohnenkamp etal. 1931  0.83 31 30
Bandow et al. 1935  0.83 42 26
Bedford 1935  0.83 2 -
Hardy et al. 1938  0.78 2 -
Guibert et al. 1952 0.77 3 -
Fanger et al. 1970  0.73 10 10
Tsuchikawa et al. 1988  0.80 3 -
Tsuchikawa et al. 1991  0.80 3 1
Suzuki et al. 1999  0.775 2 -
Authors 2003  0.783 1 -

Factor is effective radiation area factor.
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Table 6 Comparison of the heat transfer area between the human body and the simulation model

Effective Contacted Contacted Effective
Convection convection Rate ;) rfacc: surface  Rate Radiation radiation Rate
area (m2) area factor (%) ar; (m2) arearatio (%) area (m2) area factor (%)
(N.D.) (N.D.) (N.D.)
Subject 1.7062 0.942 100 0.0229 0.0127 100 1.3948 0.770 100
Simulation model 1.6995 0.938 99.61 0.0251 0.0139  109.5 1.4315 0.790 102.6




Table 7 Comparison of configuration factors between

simulation model and rectangular planes

Configuration factor (N.D.)

Plane
Subject Simulation model
Front (1.0m) 0.242 0.245
Back (1.0m) 0.239 0.244
Right side (1.0m) 0.182 0.184
Left side (1.0m) 0.180 0.181
Celling  (2.5m) 0.064 0.066
Floor (-0.5m) 0.093 0.080
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