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Numerical Simulation Technology for Thermal Environment and
Thermal Comfort Evaluation.
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This report describes a schematic summary of numerical simulation technologies
predicting thermal environment inside of buildings with glass facades, and indoor
climate of vehicle cabins. The development of numerical simulation models to evaluate
thermal comfort of human body as well as applications for new product design is
explained. The first part of this report describes component technologies consisting of
thermal environment simulations, including analysis of solar radiation, infra-red thermal
radiation, air flow simulation, and comprehensive combination of those technologies.
Additionally, comparison of simulation models with measurements from an
experimental atrium is shown to verify accuracy of the simulation models. Furthermore,
as applications to the real world constructions, results of analysis by those models
applied to large scale atrium buildings are demonstrated. The last part of this report
includes a schematic summary of automotive indoor thermal environment simulation
technologies, and description of human comfort evaluation models which considers
thermo-regulation of each human body part. Moreover, some examples of those
technologies applied to vehicles, as well as product development of new functional glass
for automobiles are presented.
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Fig. 1 Thermal energy balance on a wall of an atrium.
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Fig. 2 Schematic diagram of solar radiation absorption
in an atrium.
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Fig. 3 Experimental atrium.
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Fig. 4 Measured points in the experimental atrium.
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® Measurements X Simulation
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Fig. 5 Comparison between simulation results and
experiments.

a®
& .. -,N—N‘“‘JW“

v g

@ Measurements X Simulation

- — —

- - - -
arth Saouth Roof Wul Enl
I -

..... LA L L 4 i i &
7 10 13 16 19 22 25 28 31 34 37 40
Measured Points

Fig. 6 Comparison between simulation results and
experiments.
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Indoor view of the actual atrium and the FEM mesh model.



Fig. 9 Distribution of solar radiation absorption in
the atrium in Fig. 8.

Fig. 10 Air temperature distribution on a vertical cross
section in the atrium.

Fig. 11 Visualization of air convection in the atrium by
the particle tracing.
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Fig. 12 Schematic diagram of solar radiation
absorption in a car.
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Fig. 13 Thermal environment and comfort simulation in a car.
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Fig. 14 Human body model for the evaluation of the
thermal comfort.
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Simulation of the Human Bndy Model :'

Fig. 15 Human body model for the evaluation of
the thermal comfort.
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Fig. 16 The thermal comfort index SHF.

ooooU0o0o0oooOoodoooooooooo
ooooOoo0oooooOooOoooooooboooo
00oDo0ooo0oooOooooooooooooon
ooooOoo0ooOoOooOoboOooooouooooo
00D00o0o0oo0o0ooooooooooon
00000000000 00000000d00Fig. 16
O0O000DO00OO0DOO0OO0O0O0O0SHREOSKIN
Healing FactorO D O 0000000000 OOO
I:l!‘llBl_\l:l

gono o o o

ooooboooooboobobboooobooon
gooooobobooobobooobobooobo
goobooobobooobboooobbooobo
oooboooobooobobooobobooooo
gooooooooooooooooooobooobb
oooboooobooobobooobobooooo
ooobooooboooboboooobobooooboo
goobooobobooobboooobbooobo
goooooooooooooooooooobo
gooooobobooobobooobobooobo
gooboooobooobobooooogoboooooo
oooboooobooobobooobobooooo
goobooobobooobboooobbooobo
gbooboooboooboobobooooooobon

goooon

010 ooooboocrPDOOOOODOODOOOOOOOOOO
goobo0ooooobobooooobobbbooon21s-
221, 2000. 3.

020 booooboooooooboooboooobooo—0000o0
ooooooD—000000o00o42] 1, 1992

O30 boooooooooooOooooOoboooboooooo
gobooooboobodoob—-40ooboobooobobbooo

—0 00000000422, 109-127, 1992,

040 OO0O0OO0OO0ODODODODDODOOOOOOOOOO0
Jddd0o0oooooooooOOoOCFDOOO
000000000000 00O0ONo.68, 1998.

Os50 dooooooooooooooooooo
Jddd0o0oooooooooOOCFDOOO
000000000 00000O0ONo.69, 1998.

Oed ODOO0OODDDODODDODODODODOOOOOOOOOOO
JoodoDo0o0DO0DOooDOoOooOoDoDOooOooooon
00000000000 OoO0D0O00OdOdNoebs7, 1995.

070 DO0O0oO0oooOoOoOoOoODoOD0—000Ooooooooo
JodooDo0ooo0ooDooOoooo3400ooDooon
55-62, 2004.12.

OJsd dodoooooooooooo00oooooooooo
JooDDoDo0o0oooDoDO0o0oo0oDDoOoOooDDOoOoOD
HONDA R&D Technical Review[ Vol.11, No.2, 1999.

OJod DdoooboDooOoOoDoDoo0o00OoOoooooooo
Joo000DbOo0o0DoOOo00oDOoOoooDOoOoDoDOoOooo
No0.33-99, 1999.

goooooooooooooooooooa
Joooo0obDO0oDOoooooooo
CFDOOOODDOODDmDbOOoOnDO
0 O O O No.126-05, 2005.

0100000000000 00000000O0O0O0o0oao
ddddddd0d0doooooooocecrFDOODOOO
00000 DoDDOO00Db000000DO0ONo.126-
05, 2005.

JrOodoooOogdze0s0 000000000000 OO
0 O 2006.3.

JRooddoooooooddooooooooboooOomo
00000 WVol57 No.2, 101, 2003.2.

oo

oo

ogoooo
ooooo
goood

OoOoQg

0 250



