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ABSTRACT: Recommendations on the proper use of CFD for the prediction of pedestrian winds 
are presented. They are restricted to statistically steady turbulent flows modelled by the RANS 
equations and based on a comprehensive literature review. Furthermore, only aspects of the 
boundary conditions and the numerical parameters which influence the accuracy of the solutions 
are addressed. 
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1 INTRODUCTION 
Within the European COST Action C14 on “Impact of Wind and Storms on City Life and Built 
Environment” (September 2000 – May 2004) one working group was looking at the usage of 
CFD techniques in wind engineering, known as computational wind engineering (CWE). Due to 
the fact that the general feeling about CWE for quantitative and sometimes even qualitative pre-
dictions could be summed up as a lack of confidence, the main objection being the many physical 
and numerical parameters in the approach that can be freely chosen by the user [1,2,3,4], the 
working group decided to compile recommendations for the proper use of CFD for the simula-
tion of pedestrian-level winds in the built environment. The pedestrian wind environment is de-
termined by the wind flow conditions at pedestrian level, for which in general a height of 1.5 – 2 
m from the ground is used. These conditions have to be combined with statistical meteorological 
data and a comfort criterion to asses the pedestrian discomfort or danger due to the mechanical 
effects of wind [5,6]. The necessary aerodynamic information comprises the prediction of mean 
velocities and turbulence intensities at pedestrian height, which are in general required by the 
comfort criteria, e.g. [7]. 

Concerning the parameters of CFD there are basically two types that act as sources of error in 
the computational results. First there are modelling errors that arise from the turbulence models 
used and the physical boundary conditions applied. The other errors stem from the numerical 
modeling, like the grid design, the truncation error of the discretisation scheme and the error 
from incomplete iterative convergence. Several comparative studies have been conducted in re-
cent years to assess the influence of different parameters on the solution. While many lessons 
have been learnt from these and other studies, no generally accepted recommendations have yet 
been put together to increase confidence in CWE. However, there are several initiatives in 
Europe to establish best practice guidelines in the field [8,9,10,11]. Besides these European ac-
tivities the Architectural Institute of Japan has a cooperative project [12] for CFD prediction of 
the wind environment, which is also the topic of the recommendations presented in this paper. 
They are mainly based on published results for statistically steady simulations, known as Rey-
nolds Averaged Navier-Stokes (RANS) simulations. Due to space limitations the recommenda-
tions given here are restricted to the numerical parameters and boundary conditions, with some 
remarks on validation activities at the end. The complete recommendations can be found in [13]. 
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2 BOUNDARY CONDITIONS AND NUMERICAL PARAMETERS 
Pedestrian wind discomfort is in general relevant at high wind velocities. Variations in the fluid 
properties of the air can therefore in general be neglected [1]. As most comfort criteria only re-
quire mean velocities [14], time averaging of the basic equations is feasible for pedestrian wind 
predictions, leading to the well known RANS equations. To solve these equations turbulence 
models are necessary which are discussed in [13]. Here only the boundary conditions and nu-
merical parameters for the simulation are discussed as already stated in the introduction. 

The boundary conditions influence the size of the computational domain which encloses the 
built area in which the flow shall be calculated. If the results are to be compared with wind tunnel 
experiments then the cross section of the computational domain should match the one of the 
wind tunnel. For single buildings or isolated groups of buildings the inlet, lateral and top bounda-
ries should be 5H away [9,15], where H is the maximum height. If the extension of the build-
ing(s) in lateral direction is much larger than H then the computational domain’s cross section 
should have a corresponding aspect ratio, again with a height of 6H [16]. In any case the block-
age should be below 3%. The outflow boundary should be placed 15H away from the building(s) 
as fully developed flow is in general assumed there. In a real urban area this is not possible. But 
Yoshie et al. [12] have shown for the case of a simplified town model with one high rise building 
placed within 82 rectangular low rise buildings that even a substantial reduction of the distances 
given above does not alter the mean velocities at pedestrian height around the high rise building. 
Also a reduction of the number of low rise buildings to 14 did not change the results much. The 
experience of wind tunnel experiments is that an area with radius 300m around the site of interest 
should be modeled. To further clarify these questions more systematic studies like the one of Yo-
shie et al. [12] are necessary for real urban environments. Finally, the design of the computa-
tional domain depends also on the wind directions that shall be examined. Wisse et al. [6] argue 
that twelve wind directions are enough. 

The size of the computational domain depends on the boundary conditions used. At the lateral 
and top boundary normally a symmetry condition is prescribed when the approach flow is paral-
lel to these surfaces. When a wind tunnel experiment is calculated then wall boundary conditions 
are used. At the outlet either a constant pressure is prescribed with vanishing normal derivatives 
for the velocities and turbulence quantities, or an outflow where all normal derivatives vanish. At 
the inlet plane either measured profiles should be used or equilibrium boundary layer profiles for 
rough walls as described by Richards & Hoxey [17] for two equations turbulence models. The 
same hydrodynamic roughness length z0 that is used for the definition of the inflow profiles must 
be used on the wall which forms the floor of the computational domain. It has to be checked that 
the prescribed profiles for velocity and turbulence do not change in front of the buildings. This 
can be enforced by generating the profiles with a simulation in the empty domain, using periodic 
boundary conditions [18]. The appropriate profiles can also be generated by explicitly resolving 
the roughness elements [19]. The modelling at smooth or rough walls uses in general wall func-
tions. Despite the known shortcomings of this approach (e.g. [20]), its effect on the flow away 
from walls is small [1]. For commercial codes with a mechanical engineering background the 
sandgrain roughness ks is normally used within the wall function for rough walls. Therefore the 
correct transformation from z0 to ks must to be used, which is code dependent. 

Employing wall functions has also direct consequences for the mesh resolution at the walls, as 
the dimensionless distance z+ of the first computational node from the wall should be at least z+ = 
30 [8]. Another requirement is that the first computational node is further away from the wall as 
the roughness height. Especially when employing ks this can lead to distances which are compa-
rable to the pedestrian height at 1.5-2m. As the computed velocities will then be substantially in-
fluenced by the wall function it is recommended that smooth walls are used in the region of in-
terest with an explicit resolution of larger roughness elements. At least two nodes should be 
placed between the node closest to the wall and the position of interest. This is one node more 
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than recommended in [11]. Other important aspects of the mesh are its quality and type. For Fi-
nite Volume methods cells of hexahedral shape are recommended as they introduce smaller trun-
cation errors and display better iterative convergence. On walls the gridlines should be perpen-
dicular to the wall [8]. Therefore if a tetrahedral grid is to be used, prismatic cells should be used 
at the wall with tetrahedral cells away from the wall. Irrespective of the mesh type the quality 
should be high within the entire computational domain as the truncation error is convected. 
Therefore a high quality mesh in the region of interest is not sufficient. Grid stretch-
ing/compression should be done with a maximum expansion ratio of 1.3 which is slightly higher 
than the 1.2 recommended by [9,10].The influence of the mesh resolution on the results is ideally 
analysed by performing a systematic grid convergence study [21]. At least the sensitivity of the 
results on the mesh resolution should be tested, possibly with local refinement if this option is 
available. The following recommendations on typical mesh sizes must therefore be understood as 
an initial choice. At least ten cells should be used per building separation [10] and ten cells per 
cube root of building volume. 

Finally the numerical approximations and the iterative convergence are addressed. The most 
important numerical approximation is the one used for the non-linear advective terms in the basic 
equations. First order methods can and should be used for the initial iterations, but higher order 
approximations must always be used for the final solution. Concerning iterative convergence of 
the solution a reduction of the scaled residuals of at least four orders of magnitude is recom-
mended. In addition to the residuals the velocities at the positions of interest should be recorded. 
If these are constant or oscillate around a constant value the solution can be regarded as con-
verged. 

3 CONCLUSIONS 
The presented recommendations on the prediction of pedestrian winds with computational mod-
els that solve the RANS equations are based on a comprehensive literature review. The estab-
lishment of secured guidelines on the proper use of steady CFD clearly requires further validation 
efforts. These efforts must be undertaken as joint project of experimentalists and CFD specialists 
[21]. From the experimental side complete data including the boundary conditions for the nu-
merical simulations must be available. The uncertainty ranges of the experimental and numerical 
data must be known. The availability of those experimental and numerical data for urban areas 
would allow to substantiate the recommendations and eventually transform them into guidelines. 
The new COST Action 732 “Quality Assurance of Microscale Meteorological Models” is under-
taking that effort. 
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