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-2  Grid Design Around Virtual Manikin -3 Segment of the Body

#-1 Surface Area of the Individual Segment of the Manikin

Seated Model Standing Model
Segment
(a) Child (b) Male | (c) Female | (a) Child (b) Male | (c) Female
Area of Whole Body [m?] 0.848 1.681 1.308 0.847 1.745 1.317
Volume of Whole Body [m’] 0.022 0.063 0.040 0.022 0.064 0.040
Height of Body [m] 1.048 1.351 1.236 1.289 1.736 1.584
Smallest Surface Mesh Size [mm?] 0.490 0.562 0.746 0.490 0.469 0.652
Largest Surface Mesh Size [mmz] 154.933 468.185 380.490 151.715 425.013 372.035
The Number of Surface Mesh 20,085 44,620 36,742 18,971 44,974 35,500
Area of Left and Right Foot [mz] 0.023 0.048 0.035 0.023 0.048 0.035
Area of Left and Right Leg [m’] 0.063 0.112 0.091 0.060 0.111 0.088
Area of Left and Right Thigh [m?] 0.079 0.165 0.141 0.071 0.151 0.124
Area of Left and Right Hand [m?] 0.019 0.036 0.024 0.019 0.038 0.024
Area of Left and Right Arm [m?] 0.030 0.061 0.040 0.030 0.071 0.040
Area of Left and Right Shoulder [m?] 0.035 0.071 0.058 0.037 0.074 0.058
Area of Pelvis [mz] 0.102 0.187 0.162 0.123 0.265 0.212
Area of Chest [mz] 0.079 0.186 0.139 0.079 0.190 0.139
Area of Back [m?] 0.073 0.155 0.084 0.068 0.127 0.084
Area of Face [m?] 0.036 0.061 0.046 0.036 0.062 0.046
Area of Neck [m?] 0.059 0.077 0.076 0.059 0.086 0.076
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#<-2  Numerical and Boundary Conditions

Turbulence Model Low Re type k-£ model (Abe-Nagano Model, 3-dimensional calc.)
Scheme Convection Term: QUICK

Uin= 0.1 m/s, Area of Supply Inlet 3,000x3,000 mm, T;;=298 K
Inflow Boundary Kin=3/2x (Uinx0.05)? , £in=Cyxkin®/lin, C,=0.09, Iy =(Slot width) x1/7
Outflow Boundary U, = Free slip, K= Free slip, €., = Free slip

Velocity: No slip, k|wa|| :Noslip, ¢  =2v(@vk/oyy
Wall Treatment Temperature: Adiabatic condition, Emissivity: 0.9

. o Velocity: No slip, k|Wall :Noslip, o = 2v(ovk fay)’

Surface Treatment of Virtual Manikin Temperature: Fanger’s Equation, Emissivity of Radiation: 0.9
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#-3  Analysis Results of Micro-Climate (Virtual Manikin)

Seated Model Standing Model
Virtual Manikin
Prediction Results
(a) Child (b) Male | (c) Female (a) Child (b) Male (c) Female
TR R EIRE K] 305.7 305.8 305.8 305.8 306.0 305.9
SRR [W/m?] 31.2 29.7 29.1 27.4 25.7 25.3
SRS FBMAESR [W/m¥/K] 4.1 3.8 3.7 3.5 3.2 3.2
-4  Analysis Results of Micro-Climate (Cylinder Model)
Seated Model Standing Model
Virtual Manikin
Prediction Results
(a) Child (b) Male | (c) Female | (a) Child (b) Male | (c) Female
TR R EIRE K] 305.8 305.8 305.8 305.9 306.0 305.9
SEBIRHRET [W/m?] 25.6 24.7 25.0 21.5 21.0 21.1
SR ST BMAESR [W/m¥/K] 3.3 3.1 3.2 2.7 2.6 2.7
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Development of Virtual Manikins and Its Grid Library for CFD Analysis

By Kazuhide Ito™" and Taro Hotta >

Key Words : Virtual Manikin, CFD, Grid Library, Coupled Analysis

Synopsis : Currently indoor environment studies focus on
phenomena around the human body at the microclimate
level, and therefore the need for more realistic and detailed
human body models has been pointed out. Numerical
models representing closely the actual shape of the human
body have already been proposed for seated female models
(or androgynous models based on female body shapes),
and are available for indoor environment analysis applica-
tions. However, other human body shapes have not been
modeled. In addition, since existing models use coarse
meshes, sufficient detailed data on various parts of the
human body has not been gathered. This study aims to de-
velop virtual manikins that represent human body scales

*1 Tokyo Polytechnic University, Member
*2 Hibiya Engineering Co., Ltd., Member

for adult males and females as well as child (almost
seven-year-olds). The virtual manikins developed in this
study cover two types of posture models. The virtual
manikin is divided into 17 parts for the control of the
thermal manikin, allowing the control and analysis of ra-
diation heat transfer, surface temperature, and other factors
in each part. We examined the accuracy of indoor envi-
ronment prediction by conducting a coupled convection
and radiation analysis on a simple room. As a result, we
confirmed that thermal environment prediction could be
carried out with sufficient accuracy in the analysis of mi-
croclimates around the human body.
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