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Abstract

An experimental study has been carried out using a rotating water channel in order to investigate the effect of
surface roughness on the vertical dispersion of plume within boundary layer. Dispersion measurements of tracers
released from two sources with different height at neutral conditions over various rough terrain ranging from rural
to urban have been performed. Various values of roughness length were simulated by combining of 4 stream
velocities and 3 roughness element conditions. Dispersion measurements have also been made for rough terrain
where high buildings are locally concentrated. Values of 0, increase with roughness and this tendency appears to
apply both cases of with and without locally concentrated high buildings. The comparisons of the Bowne’s
nomogram on O vs x relationship and the measurements of o, with roughness show good accordance in @, distri-
bution at stability D class over rural, suburban and urban terrain. For constant roughness length the o, values of
plumes from lower source height are smaller than those of plumes from higher source at short downwind distance,
but this relationship becomes reverse as distance increases. Crossing appears to be made before about 2 Km.

The value of constant I in McMullen’s equation &, = exp {I+J(In x)+K(ln x)?] appears to increase with
roughness length, however, the relationships between other constants and roughness have not been confirmed.

The values of o, for various downwind distances, estimated by using an equation which is employed in ISC
(Industrial Source Complex) dispersion model for areas where high buildings are locally assembled, are in accor-
dance with measurements from water channel experiments.

Key words : boundary layer, roughness length, rotating water channel experiment, vertical dispersion coefficient
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Fig. 1. Experiment apparatus set and roughness simulation.
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Table 2. Results of stream velocity profile analysis for
each run conditions.

Roughness Steps Zo U ¥} p
element | of applied roughness friction average power of
arrangement | voltage  length veloctiy velocity stream
(Fig 2) to motor (cm) (cm/s) (cm/s) velocity
4 0.0158 0.1913 23742 0.14
case 1 6 0.0948 0.2795 3.0721 0.24
8 0.3182 04616 3.6776 0.27
10 0.4774 05620 3.7518 0.38
4 0.0416 0.1422 23691 0.23
case 2 6 02941 02902 2.8814 0.30
8 03947 04367 34938 0.27
10 0.5141 0.4468 37198 024
4 0.0217 0.1307 22825 0.19
case 3 6 02418 03237 27171 031
8 0.2430 0.4474 3.7497 0.25
10 04308 05617 3.9038 0.24
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Table 3. Experimental conditions of roughness length.

Experimental Roughness Friction
condition length zo velocity ux

Roughness  Steps of Symbol
element applied Model Env. Model Env.
arrangement voltage (cm) (cm) (cm/s) (m/s)

(Fig. 1) to motor

case 1 4 00158 79 0.1913 0.287 Rl
case2 4 00416 208 0.1422 0.213 R2
case 1 6 00948 474 02795 0419 R3
case 3 8 02430 1215 04474 0671 R4
case 2 8 03947 1975 0.4367 0.655 RS
case 2 10 0.5141 257.05 0.4468 0.670 R6
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Fig. 2. Variation of Alog (o./zi)/AlogX with roughness
length for different release height.
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Fig. 4. Effects of release height on vertical dispersion for various roughness length.
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