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Numerical simulation study of urban air temperatures with high-resolution has progressed with the advance of digital information
and supercomputer. The applicability of human being against the abnormal weather is getting important as well as a temperature
rise in the urban areas. Complicated physical models of air flow and radiate heat transfer were coupled so as to predict the thermal
sensation of human being in outdoor spaces. The thermal sensation was simulated by 5 m mesh resolution in the Tokyo metropolitan

area using the earth simulator.
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1. Introduction [ INPUT | |  ™MODEL | | BOUNDARY
High-temperature urban areas, known as urban heat islands

(UHI) have been observed in many cities, and the elucidation 3D-ALTITUDES AIR FLOW OF UPPER AIR

of the nature of UHI has been recognized as an important /SHAPES » DISTRICT « CONDITION

problem in urban climate research (Oke 1978). From the human ‘

perspective, UHI can produce unexpected effects, such as a LOCATION OF 3D-SURFACE

sensation of extreme heat when pedestrian spaces are irradiated ?_X:\Il_glll\JISE/ » TEMPERATURE « SUN

by the sun. The thermal sensation of humans can be modeled

using four thermal factors: air temperature, humidity, wind WALL/ROOF/ » INDOOR ‘ SCLIE'\I/I)EJLE

velocity, and radiation. The level of activity and amount of EQUIOMENT CLIMATE OF LIVING

clothing worn are additional factors (VDI 1998, Fanger 1970).

Numerical tools can be applied to predict the effect of the HUMAN

abovementioned four thermal factors and to design appropriate 0 AIR HUMID VEL RAD CONDITION

measures for the thermal control of human environments. -Ll-J c TEMP - AICTTJV
We have performed a numerical analysis with billion CFD p A l«

grids to simulate air temperatures in urban areas (Ashie et al., u THERMAL SENSATION CLOTH

2004-2012)[1], (Ashie, 2012)[2]. In this study, CFD analyzed T e

system was highly developed by coupling radiate heat transfer Fig. 1 Overview of the system of urban heat island countermeasures.

model to evaluate meat radiant temperatures and thermal
sensations of human body located in the Tokyo metropolitan area. 3. Simulation results
Standard new effective temperature, SET* was calculated
2. Analyzed system near the ground level using the 24 hours-simulation output of air
The system of urban heat island countermeasures is shown velocity, radiation and air temperature and humidity. Figure 2
in Fig. 1. It comprised an input part, a model part, a boundary showed the results of air temperature and SET* at 14:00. It can
part, and an output part. An airflow model, a three-dimensional be confirmed that the distribution of SET* is similar to that of
surface temperature model, and an indoor climate model were air temperatures; however, they differ partially, for example
integrated to simultaneously solve the four-thermal factors using (A), (B) in the figures. This implies the thermal sensation is

hourly boundary data. influenced by another factor such as the wind velocity.

51



Annual Report of the Earth Simulator April 2015 - March 2016

4. Conclusion

The distribution of the thermal sensations and the air
temperatures of Tokyo metropolitan area by unsteady-state CFD
model coupling with radiate transfer model, were identical for
the most part, but it was indicated that the evaluation values in

SET* were locally influenced by velocities.
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(b) SET*

Fig. 2 Simulated results at 14:00 on 10 Aug. 2007.
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