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Experimental Study about the Effects of Ground Surface Temperature

Difference on Gaseous Diffusion in Built-up Area
Masaaki OHBA* Shuzo MURAKAMI**

This paper describes the effects of the ground surface temperature difference on gaseous
diffusion in built-up area by field experiments and by the wind tunnel investigations.

In the field experiments, the black panels with high absorbance of solar radiation were
used as the model of the ground surface to produce the fully developed thermal boundary
layer. It has been confirmed from the field experiments as follows;

(1) the thermal boundary layer is sufficiently developed in small-scale experiments by
using the panels;

(2) the turbulent intensity of the air flow on the panels becomes larger in propotion
to the total solar radiation on a horizontal plane.

In the wind tunnel investigations, the thermal boundary layer observed in the field ex-
periments was simulated by using the hot panel with electrical heaters. The other thermal
boundary layers generated by the difference of the surface temperature were studied by
changing the arrangement of the panels. For example, the cool surface zone in “parks and
green belts” was also simulated by the cold panel with cold water. The tracer gas was
emitted from the stack upwind of the hot panel in order to clarify the effects of the sur-
face temperature difference on gaseous diffusion. It has been confirmed from the wind
tunnel investigations as follows;

(3) in the case of setting only the hot panel in the wind tunnel, when the temperature
difference between the oncoming air and the surface of the hot panel becomes larger, the
maximum concentration on the floor decreases gradually;

(4) when the cold panel is set on the leeward of the hot panel, a large cooled air
region is generated on the cold panel. As the result, the maximum concentration appears
at higher position from the ground surface than in the case of setting only the hot panel.
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Fig.7 Wind velocity and turbulent intensity
profiles of the oncoming flow in the

wind tunnel experiments

Field experiments Wind tunnel experiments Arrangement
Exp. ‘ of Arrangement
No. Uyer. | 4T, 4T, ATs, | Uyer | 4Ts, 4T, 4T, of fences
[m/s] |[degC]|[degC]|[degC]| [m/s] |[degC]|[degC]|[degC] floor panels
1 5 0 0 0 0.85 0 0 0
2 5 24 0 0 0. 85 63 0 0 Type 1
Without
3 5 43 0 0 0.85 112 0 0
fence
4 5 43 —8 0 0.85 112 —21 0 Type 2
5 9 43 —8 43 0. 85 112 —21 112 Type 3
6 5 43 0 0 0. 85 112 0 0 Type 1
7 5 43 —8 0 0085 12 | —21 0 Type 2 Single
fence
8 5 13 —38 13 0.85 112 | —21 112 Type 3
9 5 43 0 0 0.85 112 0 0 Type 1
10 5 13 —38 0 0.85 12 | —21 0 | Type 2 Row of
fences
11 5 43 —8 43 0.85 112 —21 112 Type 3
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Fig.8 Effect of the arrangement of the floor panel (type 1) on gaseous diffusion
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Fig.11 Effect of the arrangement of the roughness elements in the ground level on gaseous diffusion
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