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CFD Model Details 

A.1 CFD Modelling Method

As explained previously, the wind study is conducted through Computational Fluid Dynamics (CFD).  This is 
a numerical technique to simulate fluid flow, heat and mass transfer, chemical reaction and combustion, 
multiphase flow, and other phenomena related to fluid flows.  CFD modelling includes three main stages: 
pre-processing, simulation and post-processing as described in Figure 11.6. 

The Navier-Stokes equations, used within CFD analysis, are based entirely on the application of 
fundamental laws of physics and therefore produce extremely accurate results providing that the scenario 
modelled is a good representation of reality. 

Figure A.1:  CFD Modelling Process Explanation 
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A.1.1 OpenFOAM Numerical Solver Details 

This report employs OpenFoam Code, which is based on a volume averaging method of discretization and 
uses the post-processing visualisation toolkit Paraview version 5.5. OpenFoam is a CFD software code 
released and developed primarily by OpenCFD Ltd, since 2004.  It has a large user base across most areas 
of engineering and science, from both commercial and academic organisations. 

OpenFOAM CFD code has capabilities of utilizing a Reynolds Averaged Navier-Stokes (RANS) approach, 
Unsteady Reynolds Averaged Navier-Stokes (URANS) approach, Detached Eddy Simulation (DES) 
approach, Large Eddy Simulation (LES) approach or the Direct Numerical Simulation (DNS) approach, which 
are all used to solve anything from complex fluid flows involving chemical reactions, turbulence and heat 
transfer, to acoustics, solid mechanics and electromagnetics.  Quality assurance is based on rigorous 
testing.  The process of code evaluation, verification and validation includes several hundred daily unit tests, 
a medium-sized test battery run on a weekly basis, and large industry-based test battery run prior to new 
version releases.  Tests are designed to assess regression behaviour, memory usage, code performance 
and scalability. 

The OpenFOAM solver algorithm directly solves the mass and momentum equations for the large eddies that 
comprise most of the fluid’s energy.  By solving the large eddies directly no error is introduced into the 
calculation. 

To reduce computational time and associated costs the small eddies within the flow have been solved using 
the widely used and recognised Smagorinsky Sub-Grid Scale (SGS) model.  The small eddies only comprise 
a small proportion of the fluids energy therefore the errors introduced through the modelling of this 
component are minimal. 

The error introduced by modelling the small eddies can be considered of an acceptable level. Computational 
time will be reduced by modelling the small eddies (compared to directly solving). 

 

A.1.2 CFD Model Details  

This subsection describes all features included in the geometrical and physical representation of Whitehaven 
SHD, Northwood Avenue Santry, Dublin CFD model.  Any object which may have significant impact on wind 
movement and circulation are represented within the model.  To be accurate, the structural layout of the 
building being modelled should include only the obstacles, blockages, openings and closures which can 
impact the wind around the building.  It is important to remember that a CFD simulation approximates reality, 
so providing more details of the geometry within the model will not necessarily increase the understanding of 
the bulk flows in the real environment. 

 

A.1.2.1. Modelled Geometry 

A 3D view of the proposed development massing model is presented in the images that follow.  The 
modelled layout and dimensions of the surrounding environment are outlined in the table below (Table A.1). 

To represent reality and consider the actual wind impacting on the site, the modelled area for the wind 
modelling study comprises a wider urban area of over 1.5km² around the Whitehaven SHD in Santry, Dublin, 
this to include the recommended dimensions as outlined in section 11.1.2. 
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Table A.1: Modelled Environment Dimensions 

 MODELLED CFD ENVIRONMENT DIMENSIONS 

          Width                 Length              Height 

CFD Mesh Domain 1600m approx.         1600 approx.          160m approx. 

   

 Figure A.2: View of the Proposed Whitehaven SHD, Northwood Avenue Santry, Dublin 9 Showing 
Blocks - Top View 

Figure A.3:  3D View of the Proposed Whitehaven SHD and Adjacent Buildings - Isometric View 
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A.1.2.2 Boundary Conditions for The CFD Model 

A rectangular computational domain was used for the analysis.  The wind directions were altered without 
changing the computational mesh.  For each simulation scenario, an initial wind velocity was set according to 
the statistical weather data collected in order to consider the worst case scenario.  Building surfaces within 
the model are specified as ‘no slip’ boundary conditions.  This condition ensures that flow moving parallel to 
a surface is brought to rest at the point where it meets the surface.  Air flow inlet boundaries possess the 
‘Inlet’ wind profile velocity patch boundary condition with its appropriate inflow turbulence intensity and 
dissipation rates.  Air exits the domain at the ‘pressure outlet’ boundary condition. 

 

Due to aerodynamic drag, there is a wind gradient in the wind flow just a few hundred meters above the 
Earth’s surface – “the surface layer of the planetary boundary layer”. 

Wind speed increases with increasing height above the ground, starting from zero, due to the no-slip 
condition.  In particular, the wind velocity profile used for the analysis is parabolic.  Flow near the surface 
encounters obstacles that reduce the wind speed and introduce random vertical and horizontal velocity 
components.  This turbulence causes vertical mixing between the air moving horizontally at one level, and 
the air at those levels immediately above and below it.  For this reason, the velocity profile is given by a 
fluctuating velocity along a mean velocity value which are both numerically simulated by mean of inlet 
velocity profile and turbulence intensity values assigned to the model.  

 

The equation used for the wind velocity profile within the model, as described above is shown below. 

 

 

 

 

 

where: 

 

 v1 = wind speed measured at the reference height h1 
 h1 = reference height to measure v1 
 h2 = height of the wind speed v2 calculated for the wind profile 
 z0 = 0.4 [m] roughness length selected 

 

 

A.1.2.3 Computational Mesh 

The level of accuracy of the CFD results are determined by the level of refinement of the computational 
mesh.  Details of parameters used to calculate the computational mesh are presented in Table A-3.  Figure 
A.4  shows the mesh utilised in the simulations. 

The grid follows the principles of the ‘Finite Volume Method’, which implies that the solution of the model 
equations is calculated at discrete points (nodes) on a three-dimensional grid, which includes all the flow 
volume of interest.  The mathematical solution for the flow is calculated at the center of each of these cells 
and then an interpolation function is used by the software to provide the results in the entire domain. 
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Table A.2: Parameter to Calculate Computational Mesh 

 
PARAMETERS TO CALCULATE COMPUTATIONAL MESH 

 

Air Density ρ 1.2kg/m3  

Ambient Temperature (T) 288K(approx.15C◦)  

Gravity Acceleration (g)  9.8m/s2  

dx 
0.3 m at the building 

1m in the surroundings 
2m elsewhere 

 

Mesh cells size 0.1 m (ratio 1:1)  

Total mesh size Approx. cells number = 10 million  

   

 

 

Figure A.4: Whitehaven SHD, Northwood Avenue Santry, Dublin 9 Domain Computational Mesh 
 Utilized 
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