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Study Microscopic Modeling of Urban Warming
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Abstract

Horizontal scale of the urban warming in a huge city like Tokyo is about 50 ~ 100 km. In order to simulate such a
large-scale problem by a numerical method, microscopic phenomena in the urban surface layer have been generally
incorporated by a simplified modeling. For example, the effect of urban building structures has been considered by
employing a roughness parameter in many past studies. This approach seems to be appropriate as long as we analyze
large-scale phenomena. However, if we need to analyze small-scale or micro-scale phenomena, which are strongly
influenced by building structures, existing coarse modeling and estimation employing such a roughness parameter are no
longer valid. This paper describes a microscopic modeling for urban surface layer, where a lot of various structures (i.e.
building, bridge, pavement, and other facilities) exist. The authors found out a structural similarity between urban
structure and porous media. Flow model and method of analysis in porous media were applied to the microscopic
modeling for urban surface layer. First, 2-D numerical study and experimental verification were conducted on unsteady
natural convection. Resultant model will be used for more precise 3-D computer simulation of urban warming and urban
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planning.
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Fig.1 Samples of actual urban structure (Horizontal) (a),

(b), (c): and porous media (d) (Sample of porous media is
quoted from F. A. L. Dullien [7])
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Fig.2 A schematic of the performance test equipment
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Fig.3 Two-dimensional simulation model and initial condition
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Table 1 Conditions for the present simulations

Horizontal scale H, |2km

Height of planetary boundary layer H, 2km

High wall temperature Ty |40°C

Low wall temperature Te 20°C

Local heating surface temperature Ts 30°C

Simulated time 2 hours

Order of Grashof number Gr 108

Solar radiation I 800 W/m”
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Fig.5 Simulation results of isotherms and velocity vectors

without urban structures
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Fig.6 Simulation results of isotherms and velocity vectors

with urban structures
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Table 2 Conditions for the present experiments

Temperature stratification measure St 0.2 K/cm
High wall temperature Ty 60.0 °C
Low wall temperature Tc 26.0 °C
Local heating surface temperature T 28.5°C
Order of Grashof number Gr 10°
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Fig.13 Comparison between numerical result and

experimental result
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