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Architectural and Urban Design
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Architectural Aerodynamics
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Architectural Aerodynamics
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RESEARCH QUESTION(s)
SIMULATION MODELING

WIND ENGINEERING
METEOROLOGY

ARCHITECTURAL AERODYNAMICS Modelling
RESULTS
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RESEARCH QUESTION
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TWO VOLUMES. Large volume 40x40x20 m (Escher Museum) and small volume 10x10x10 m (Entrance building) 

Architectural Aerodynamics

Wind flow and Geometries
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THE HAGUE / Lange Voorhout

Architectural Aerodynamics

Context / Urban Roughness
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Architectural Aerodynamics / Design

Design development / Design process

Volume model 10 x 10 x 10

+

>  Transformatie 1  Rotate 45

+

>  Transformatie 2  Lift 5m

+
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COST action 732 Best Practice Guideline for the CFD simulation of flows in the urban environment

Architectural Aerodynamics / Research

Simulation modeling / Quality assurance
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Simulation modeling has become an essential tool for analyzing 
anticipated performance, validating designs, demonstrating 
and visualizing operations, testing hypotheses, and performing 
many other analyses. It is the preferred tool in a variety of 
industries and in some industries, it is even required prior to all 
major capital investments. 

The underlying assumption is that simulation modeling is the 
correct tool for the problem that you are trying to solve.

Banks J , Gibson R. (1997) Ten Rules! Do not simulate when..
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SIMULATION MODELING
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Do not simulate when ..
TEN RULES!

Banks J , Gibson R. (1997) Do not simulate when .. TEN RULES!!
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Rule (1) The problem can be solved using "common sense analysis"

Banks J , Gibson R. (1997) Do not simulate when .. TEN RULES!!
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Rule (2) The problem can be solved analytically (using a closed form) 

Banks J , Gibson R. (1997) Do not simulate when .. TEN RULES!!
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Rule (3) It's easier to change or perform direct experiments on the real system

Banks J , Gibson R. (1997) Do not simulate when .. TEN RULES!!
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Rule (4): There aren't proper resources available for the project 

Although almost every simulation project has many "qualitative" benefits, 
the expense of the model, data collection and analysis is usually justified

by the expected quantitative stake. 

Banks J , Gibson R. (1997) Do not simulate when .. TEN RULES!!
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Rule (5): There aren't proper resources available for the project 

Primary resources required to complete a successful simulation project include people, 
software/computers, and money. 

The most critical component in any successful simulation project is people–experienced analysts
who understand the problem, select the proper level of detail, translate it into a simulation model

requirement, program the model, etc. 

Banks J , Gibson R. (1997) Do not simulate when .. TEN RULES!!
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Rule (6): There isn't enough time for the model results to be useful 

Banks J , Gibson R. (1997) Do not simulate when .. TEN RULES!!
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Rule (7): There is no data not even estimates 

Banks J , Gibson R. (1997) Do not simulate when .. TEN RULES!!
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Rule (8): The model can't be verified or validated 

Banks J , Gibson R. (1997) Do not simulate when .. TEN RULES!!
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Rule (9): Project expectations can't be met

Banks J , Gibson R. (1997) Do not simulate when .. TEN RULES!!
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Rule (10): If system behavior is too complex, or can't be defined

Banks J , Gibson R. (1997) Do not simulate when .. TEN RULES!!
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Autodesk Flow Design
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Autodesk Flow Design
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Linux OpenFOAM
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Linux OpenFOAM
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WIND ENGINEERING
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According to the definition given by Jack E. Cermak (1975), 

“Wind engineering is best defined as the rational treatment of 
the interactions between wind in the atmospheric boundary 
layer and man and his works on the surface of earth”. 

It is a multi-disciplinary matter concerning multifold topics.

from the website ( www.iawe.org ) of the IAWE International Association of Wind Engineering 2013

Wind ENGINEERING

Definition
Full scale measurements
Wind Tunnel experiments
Nummerical experiments
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Wind
Climate

Influence of
Terrain

Aerodynamic
Data

Dynamic
Effects

Criteria
WIND 
LOADS &
EFFECTS

Wind
Climate

Influence of
Terrain

Aerodynamic
Data

Dynamic
Effects

Criteria

Alan Davenport’s Wind Loading Chain
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Wind ENGINEERING

Alan Davenport
Wind Wizard
2013

Tom Lawson
Building Aerodynamics
2001
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Wind ENGINEERING / Rules

Quality 
Assurance 
2005

Best Practice
Guideline
2007
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Wind ENGINEERING / Criteria                     Wind hinder en windgevaar NL

Normen
2006

Richtlijnen
2006
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Nederlandse norm: NEN 8100 Windhinder en windgevaar in de gebouwde omgeving

Wind ENGINEERING                            Criteria NL / Wind hinder en windgevaar OV3 2014/15  09/15
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Nederlandse norm: NEN 8100 Windhinder en windgevaar in de gebouwde omgeving

Wind ENGINEERING                            Criteria NL / Wind hinder en windgevaar OV3 2014/15  09/15
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Nederlandse norm: NEN 8100 Windhinder en windgevaar in de gebouwde omgeving

Wind ENGINEERING                            Criteria NL / Wind hinder en windgevaar OV3 2014/15  09/15

39



Nederlandse norm: NEN 8100 Windhinder en windgevaar in de gebouwde omgeving

Wind ENGINEERING                            Criteria NL / Wind hinder en windgevaar OV3 2014/15  09/15
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RESEARCH METHODS:

Full scale measurements
Windtunnel

CFD (Computational Fluid Dynamics) simulations
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Full scale measurements

KNMI network 
Weather stations

NPR 6097:2006 Application of the statistics of the mean wind speed for the Netherlands 
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Full scale measurements

Cabauw observatorium
213 meter hoog
1972

CESAR
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Full scale measurements

Cabauw observatorium
213 meter hoog
1972

CESAR

OV3 2014/15  09/15

44



Full scale measurements

Cabauw observatorium
213 meter hoog
1972

CESAR
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Full scale measurements

Cabauw observatorium
213 meter hoog
1972

CESAR
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Wind tunnel research

Peutz
Molenhoek
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Wind tunnel research

Peutz Wind Technology
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Wind tunnel research

Peutz Wind Technology
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Wind tunnel research

Peutz Wind Technology
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RESEARCH (COMPUTATIONAL) FLUID DYNAMICS based on:

Mathematics
Mechanics

Physics
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Wind ENGINEERING (Computational) Fluid Dynamics

Models of the flow
Substantial derivative
Divergence of velocity

Continuity equation
Momentum equation
Energy equation

N. Dekkers J Wijnen : Eenvoudige stromingsleer 1 Grondbegrippen Modelregels
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Wind ENGINEERING (Computational) Fluid Dynamics

Model of the Virtual Windtunnel
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Wind ENGINEERING (Computational) Fluid Dynamics

Results in the Virtual Windtunnel
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COST action 732 Best Practice Guideline for the CFD simulation of flows in the urban environment

Architectural Aerodynamics / Research method

Simulation modeling / Quality assurance
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METEOROLOGY
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Journal of Wind Engineering and Industrial Aerodynamics 94 (2006)  Ricciardelli Some characteristics of the wind flow in the lower Urban Boundary Layer

Meteorology – Urban Boundary Layer

CL  Canopy Layer
RS  Roughness Sublayer
IS   Inertial Sublayer

OV3 2013/14  09/16
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Windspeed OV3 2014/15  09/15
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Windspeed
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Windspeed height 60m OV3 2014/15  09/15
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Windspeed
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Windspeed height 60m OV3 2014/15  09/15
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ARCHITECTURAL AERODYNAMICS 
Modelling
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CFD resultaten zijn fout, totdat het tegendeel bewezen is !!

Prof. dr. ir. Bert Blocken, TuE, Chair of Building and Urban Physics,  Actiflow seminar Duurzaam simuleren (2013)

Computational Fluid Dynamics models OV3 2014/15  09/15
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Architectural Aerodynamics - Aerodynamic Roughness Length (z0) OV3 2014/15  09/15
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Architectural Aerodynamics - Aerodynamic Roughness Length (z0) OV3 2014/15  09/15

B. Blocken / Environmental Modelling and Software 30 (2012) 



Architectural Aerodynamics – Urban Roughness / Building site
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Architectural Aerodynamics – Urban Roughness / Building site
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Architectural Aerodynamics – Urban Roughness / Building site
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The Hague / Escher Museum / Lange Voorhout

Architectural Aerodynamics – Building site
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Architectural Aerodynamics and the CAD Model

Parameter: City Roughness
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Architectural Aerodynamics and the CAD Model

Parameter: City Roughness
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Architectural Aerodynamics and the CAD Model

Parameter: Building site / Level of detail
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Architectural Aerodynamics and the CAD Model

Parameter: Building site / Level of detail
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Architectural Aerodynamics and the CAD Model

Parameter: Building site / Level of detail
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Architectural Aerodynamics and the CAD Model

Parameter: Building site / Level of detail
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Architectural Aerodynamics and the CAD Model

Parameter: City Roughness
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Architectural Aerodynamics and the CAD Model

Parameter: Building site / Level of detail
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Architectural Aerodynamics and the CAD Model

Parameter: Building site / Level of detail
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Architectural Aerodynamics and the CAD Model

Parameter: Building site / Level of detail
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Architectural Aerodynamics and the CAD Model

Parameter: Level of detail
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Architectural Aerodynamics and the CAD Model

Parameter: STL File size

OV3 2014/15  09/15

82



Architectural Aerodynamics and the CAD Model

Parameter: STL File size
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Architectural Aerodynamics

CAD model
+

CFD calculation model

Mesh resolution
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Architectural Aerodynamics

CAD model
+

CFD calculation model

Mesh resolution
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Architectural Aerodynamics

CAD model
+

CFD calculation model

Mesh resolution
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Architectural Aerodynamics

CAD model
+

CFD calculation model

Mesh resolution
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RESULTS
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Simulation Result

Wind speed at 2m height
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Simulation Result

Wind speed at 2m height

Streamtracer. 
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Simulation Result       A

Wind speed at 2m height

Streamtracer. Zoom 1
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Simulation Result       A

Wind speed at 2m height

Streamtracer. Zoom 2
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Simulation Result       A

Wind speed at 2m height

Streamtracer. Zoom 2
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Simulation Result       A

Wind speed at 2m height

Streamtracer. Zoom 2
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Model A  wind speeds at 2m height based on 10m/s at 60m height.
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Simulation Result       B

Wind speed at 2m height

Streamtracer. Zoom 2
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Simulation Result       B

Wind speed at 2m height

Streamtracer. Zoom 2
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Simulation Result       B

Wind speed at 2m height

Streamtracer. Zoom 2
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Model B wind speeds at 2m height based on 10m/s at 60m height.
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Simulation Result       C

Wind speed at 2m height

Streamtracer. Zoom 2
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Simulation Result       C

Wind speed at 2m height

Streamtracer. Zoom 2
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Simulation Result       C

Wind speed at 2m height

Streamtracer. Zoom 2
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Model C wind speeds at 2m height based on 10m/s at 60m height.
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Comparing RESULTS
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Comparing RESULTS / Model Evaluation Strategies

Rex Britter / Department of Engineering / University of Cambridge

COST 732 Quality Assurance of Microscale Meteorological Models (2005)

OV3 2013/14

Models of whatever type are only of use if their quality (fitness-for-purpose) has been quantified, 
documented and communicated to potential users.

It may not be appropriate to talk of a valid model, but only of a model that has agreed upon regions
of applicability and quantified levels of performance (accuracy) when tested upon certain specific and
appropriate data sets.
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Model A  wind speeds at 2m height based on 10m/s at 60m height.

A
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Condition:  Windspeed 10 m/s at height 60m OV3 2014/15  09/15

107



Model A <> B

A

B
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Model A <> C

A

C
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Model B <> C

C

B
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REFERENCES    /   Urban Flow Features

Codes
Literature
Papers
Websites
Wikipedia

NPR 6097 (nl) Toepassing van de statistiek van de uurgemiddelde windsnelheden voor Nederland

NEN 6702 (nl) Technische grondslagen voor bouwconstructies

NEN 8100 (nl) Windhinder en windgevaar in de gebouwde omgeving
Nederlands Normalisatie-instituut / Normcommissie 351 010 "Windhinder"
2006 NEN Delft

Best Practice Guideline for the CFD simulation of flows in the Urban Environment
J. Franke, A. Hellsten, H. Schlunzen, B. Carissimo
COST Action 732
Quality Assurance and Improvement of Microscale Meteorological Models
2007 COST

Proceedings International Workshop on
Quality Assurance of Microscale Meteorological Models
M. Schatzmann, R. Britter
COST Action 732
2005 COST
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REFERENCES    /   Urban Flow Features

Codes
Literature
Papers
Websites
Wikipedia

Building Aerodynamics
Tom Lawson
2001 Imperial College Press

De Bosatlas van het Klimaat. Het klimaat van Nederland in kaart en beeld. Tijdvak 1981-2010
KNMI De Bilt
2011 Noordhoff Uitgevers Groningen

Windklimaat van Nederland
KNMI J. Wieringa en P. Rijkoort
1983 Staatsuitgeverij Den Haag 

Wind Wizard. Alan G. Davenport and the Art of Wind Engineering
Siobhan Roberts
2013 Princeton University Press

Het KNMI Cabauw observatorium bestaat 40 jaar. Een terugblik op de periode 1972-2012
W. Monna, F. Bosveld
Meteorologica 1 (2013)
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REFERENCES    /   Urban Flow Features

Code
Literature
Papers
Websites
Wikipedia

AIJ Guidelines for practical applications of CFD to pedestrian wind environment around buildings
Y. Tominaga
Journal of Wind Engineering and Industrial Aerodynamics 96 (2008)

Alan G. Davenport’s mark on wind engineering
N. Isyumov
Journal of Wind Engineering and Industrial Aerodynamics 104-106 (2012)

CFD simulation for pedestrian wind comfort and wind safety in urban areas:
general decision framework and case study for the Eindhoven University campus
B. Blocken, W. Janssen en T. van Hooff
Environmental Modelling & Software 30 (2012)

Some characteristics of the wind flow in the lower Urban Boundary Layer
F. Riccardelli, S. Polimeno
Journal of Wind Engineering and Industrial Aerodynamics 94 (2006)

Towards rules of thumb for wind comfort and air quality
M. Bottema
Atmospheric Environment 33 (1999)
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REFERENCES    /   Urban Flow Features

Codes
Literature
Papers
Websites
Wikipedia

ELSEVIER Journal of Wind Engineering & Industrial Aerodynamics
www.journals.elsevier.com/journal-of-wind-engineering-and-industrial-aerodynamics/

IAWE International Associations for Wind Engineering
www.iawe.org

IBPSA International Building Performance Simulation Association
www.ibpsa.org/

IBPSA-NVL IBPSA Nederland en Vlaanderen
www.ibpsa-nvl.org/

KNMI Hydra Project  Wind climate assessment of the Netherlands
www.knmi.nl/samenw/hydra
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REFERENCES    /   Urban Flow Features

Codes
Literature
Papers
Websites
Wikipedia
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Fluid Dynamics

Osborn Reynolds
Claude Navier
George Stokes

Reynolds number
Navier Stokes equations

Conservation laws
Continuity
Momentum
Energy

Atmospheric Boundary Layer
Urban Boundary Layer
Canopy Layer

Von Ekman-layer
Coriolis force
Wind profile
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QUESTIONS??



THANK YOU
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