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Outline
 Introduction

WE-UQ’s CFD workflow 
Target experimental data

 CFD Setup in WE-UQ
Geometry & domain setup 
Mesh generation
Boundary conditions 
Numerical setup 
Run simulation on DesignSafe

 Results and post-processing 
Display results in WE-UQ
Flow visualization using Paraview
Compare with the experimental data
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CFD workflow in WE-UQ: wind load simulation
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Step-by-step procedure to create CFD model in WE-UQ
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Geometry 
Definition
• Computational domain
• Building
• Surroundings

Mesh 
Generation
• Base mesh
• Refinements 

Boundary 
Conditions
• Inflow
• Surface roughness  

Numerical 
Setup
• Turbulence model
• Solver

Result 
Monitoring
• Wind profiles
• Local loads
• Integrated loads

Result 
Analysis
• Wind loads
• Wind profiles
• Flow field

>Turbulence model
>Solver
>Time step



Tutorial-2: Simulation input and case files
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OpenFOAM case directory containing the mesh data  

Input JSON files that define all the setup needed in WE-UQ

Vertical profiles of the target wind characteristics to be used as input for TInf

Directory containing validation data and Python script for plotting Cp

CSV file defining pressure sampling points



Tutorial-2: Target wind tunnel measurement
Parameters Value Unit

Building width (full-scale) 80 m

Building depth (full-scale) 40 m

Building height (full-scale) 120 m

Geometric scale of the model 1:400

Velocity scale of the model 1:4

Time scale of the model 1:100

Roof-height mean wind speed 10.6924 m/s

Duration of the simulation 34 s

Wind direction 90 degrees

Aerodynamic roughness length in full scale (full-scale) 0.5 m

Reynolds Number 2.13 ×105

Reference Height (full-scale) 120 m

Air Density 1.225 Kg/m3
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Taken from TPU database 1 

1Tokyo Polytechnic University: http://www.wind.arch.t-kougei.ac.jp/info_center/windpressure/highrise/Homepage/homepageHDF.htm

Height

𝜃𝜃 = 90𝑜𝑜



Tutorial-2: Create computational domain
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Geometry Mesh Boundary 
Conditions Numerical Setup Monitoring CFD-Results



Tutorial-2: Generate mesh
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Geometry Mesh Boundary 
Conditions Numerical Setup Monitoring CFD-Results



Tutorial 2: Define boundary conditions
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Geometry Mesh Boundary 
Conditions Numerical Setup Monitoring CFD-Results



Tutorial-2: Specify numerical settings
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Geometry Mesh Boundary 
Conditions Numerical Setup Monitoring CFD-Results

Select Turbulence Model 
e.g., LES, RANS, DES

Select Solver Type e.g., steady state (SIMPLE), 
transient (pisoFoam, pimpleFoam)

Set duration and time-step, Courant Number,  
number of processors  



Tutorial-2: Monitor simulation data 
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Geometry Mesh Boundary 
Conditions Numerical Setup Monitoring CFD-Results

Select results to be monitored 
(aerodynamic base and story loads)

Monitor surface pressure fluctuations 
at selected sampling points 

Record flow filed on selected 
planes for flow visualization 



Tutorial-2: Check simulation results (integrated loads)
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Geometry Mesh Boundary 
Conditions Numerical Setup Monitoring CFD-Results



Tutorial-2: Check simulation results (point pressure) 
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Geometry Mesh Boundary 
Conditions Numerical Setup Monitoring CFD-Results



Tutorial-2: Check simulation results (flow field)
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Plane 1

Plane 2









Tutorial-2: Simulation output and validation 
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• Wind load output path: simFiles/constant/simCenter/output/windLoads

• Data and Python script for Cp comparison plots: validation/



Tutorial-2: 𝐶𝐶𝑝𝑝 plots and comparison with experiment
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Mean 𝐶𝐶𝑝𝑝 Experiment Mean 𝐶𝐶𝑝𝑝 CFD 

Std. 𝐶𝐶𝑝𝑝 Experiment Std. 𝐶𝐶𝑝𝑝 CFD 



Tutorial-2: 𝐶𝐶𝑝𝑝 plots and comparison with experiment
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Mean 𝑪𝑪𝒑𝒑 Comparison Std. 𝑪𝑪𝒑𝒑 Comparison  

Normalized average error for mean Cp(%): 5.07 Normalized average error for Std. Cp(%): 6.84
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