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Abstract: Numerical environmental wind tunnel technique is increasingly attractive because of its fast increasing capability 
and decreasing cost, in particular for the interaction between weather scale and street scale flows. We briefly review our 
recently developed Numerical Environmental Wind Tunnel Of Newtonian fluid (NEWTON) and present a couple of case studies 
to demonstrate its capability for modelling multi-scale flows in Wind Engineering applications. 
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INTRODUCTION  
 
Owing to the rapidly increasing computer power 
and decreasing cost, along with the recently 
developed new technology, Computational Fluid 
Dynamics (CFD) is becoming increasingly attractive 
in modelling environmental flows.  However, some 
challenging issues remain to be tackled. One 
among these is modelling multi-scale 
physical/chemical processes in the urban 
atmospheric boundary layer.  The time scale of 
transport/dispersion/reaction of gas and 
particulate matter (PM) pollutant in urban 
environments varies from micro-seconds (10-6 s) to 
days (105 s).  It is not feasible to resolve all of 
these scales in the foreseeable future.  One option 
perhaps is to segment the full spectrum of these 
scales (such as the inertial sublayer of turbulence) 
and resolve one or more segments, whereas the 
other scales are to be modelled or to be 
synthetically generated using a sort of stochastic 
procedure [Xie & Castro, 2008; Xie et al, 2015]. 
 
CASE STUDIES  
 
In the first part of the talk, we will use case 
studies to demonstrate the importance of 
modelling muti-scale flows using our recently 
developed Numerical Environmental Wind Tunnel 
Of Newtonian fluid (NEWTON) [Xie, 2014], which is 
a comprehensive tool using Computational Fluid 
Dynamics (CFD) primarily to model physical wind 
tunnel scale, i.e. O(1m) problems, but not limited 
to, such as considering the effects of weather-
scale wind variations.  The case studies are: a) the 
effect of unsteadiness of weather scale variation of 
wind on point/line source dispersion in the DAPPLE 
site – central London; b) locally generated large-
scale motions by tall buildings (~ O(100m) ) which 
could have a significant impact on the urban 

environments in cities primarily consisting of low 
rise buildings.   
 
In the second part of the talk, we will aim to 
identify some key issues, such as how to assess and 
reduce the modelling uncertainties due to the 
coupling of the weather scales and street scale 
motions.  At the end of the talk, we will suggest 
one solution to address these, i.e. by adding 
correlated fluctuations at the nest interface of the 
two domains. 
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