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Abstract In this study, the effects of building-roof cooling on scalar dispersion in three-
dimensional street canyons are investigated using a computational fluid dynamics (CFD)
model. For this, surface temperature of building roof is systematically changed and non-reac-
tive pollutants are released from street bottom in urban street canyons with the aspect ratio of
1. The characteristics of flow, air temperature, and non-reactive pollutant dispersion in the con-
trol experiment are analyzed first. Then, the effects of building-roof cooling are investigated by
comparing the results with those in the control experiment. In the control experiment, a portal
vortex which is a secondary flow induced by ambient air flow is formed in each street canyon.
Averaged air temperature is higher inside the street canyon than in both sides of the street can-
yon, because warmer air is coming into the street canyon from the roof level. However, air
temperature near the street bottom is lower inside the street canyon due to the inflow of cooler
air from both sides of the street canyon. As building-roof temperature decreases, wind speed at
the roof level increases and portal vortex becomes intensified (that is, downdraft, reverse flow,
and updraft becomes stronger). Building-roof cooling contributes to the reduction of average
concentration of the non-reactive pollutants and average air temperature in the street canyon.
The results imply that building-roof cooling has positive effects on improvement of thermal
environment and air quality in urban areas.
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Fig. 1. Building configuration of cubical buildings. H is the building height.
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Table 1. Summary of the numerical experiments.

Street-bottom
temperature (°C)

Building-roof

Experiments
xpert temperature (°C)

CTRL 50 50
EXP1 50 45
EXP2 50 40
EXP3 50 35
EXP4 50 30
EXP5 50 25
EXP6 50 20
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Fig. 2. Fields of wind vector at z/H = (a) 0.03, (b) = 0.44, and (c) 0.94 in the x-y plain, at y/H = (d) —0.44, (e) 0.03, and (f) 0.44
in the x-z plain, and at x/H = (g) —0.44, (h) 0.03, and (i) 0.44 in the y-z plain in the control experiment.
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Fig. 3. Contours of the horizontal [(a) and (b)] and vertical wind components [(c) and (d)] in the control experiment. Left panels
are averaged vertically from z/H = 0.0 to 1.0 and right panels are averaged horizontally from y/H =-0.5 to 0.5.
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Fig. 4. Contours of air temperature averaged (a) vertically
from z/H = 0.0 to 1.0 and (b) horizontally from y/H=—-0.5 to
0.5 in the control experiment.
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Fig. 5. The same as Fig. 4 except for non-dimensional
concentration of non-reactive pollutants. Concentration is
normalized by the same method as Pavageau and
Schatzmann (1999).
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4.0

Fig. 6. Contours of (a) air temperature and (b) non-
dimensional concentration at z/H=0.03 in the control
experiment.
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Fig. 7. Vertical profiles of wind speed, air temperature, and non-dimensional concentration averaged inside and outside the
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Fig. 8. The same as Fig. 3 except for the differences between the EXP6 and control experiments.
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Fig. 10. The same as Fig. 5 except for the differences
between the EXP6 and control experiments.

Fig. 11. The same as Fig. 6 except for the differences
between the EXP6 and control experiments.
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averaged over the street canyon with building-roof cooling.
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roof cooling.
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