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ABSTRACT

We propose a new approach to derive a spatially-averaged transport equation for a scalar quantity, such as
temperature or concentration, for an urban canopy model. First, in order to mathematically describe the actual
momentum field as a completely continuous field, the underling concepts of the immersed boundary method are
employed, where we assume that (i) the entire simulation space is filled with a fluid, and (ii) an external body force
field exists that reduces the wind speed to zero at all positions coinciding with the space occupied by the buildings.
Second, we mathematically describe the field of a scalar quantity as a completely continuous field by introducing a
source/sink field that acts only inside the space occupied by the buildings and controls the values of the scalar
quantity at the acting points. Then, we obtain a spatially-averaged scalar transport equation by applying a
(solid-inclusive) spatial averaging operation to the governing equation for the scalar field. Finally, by assuming that
the source/sink field controls the spatial-average of the scalar quantity inside the buildings to be equal to that
outside the buildings, we can obtain a spatially-averaged scalar transport equation that has no undefined term in the
case the boundary of the averaging cell does not cross the space occupied by buildings.
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