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Abstract. The study of wind conditions in cities is a significant factor in urban
design in order to deal with issues related with pollution, wind pressures on
buildings, and comfort on public spaces. This paper presents some results of a
four-day workshop where some of the different techniques for simulating and
visualising aerodynamic phenomena were explored. These technologies, classified
as high-tech and low-tech tools, were used to investigate urban aerodynamic
phenomena through parallel experiments, analysis, and eye observations. The
experiments demonstrated that getting live feedbacks while interacting with the
simulated aerodynamic phenomena is essential to improve the observers’ general
comprehension of the phenomena. Our proposed method for studying aerodynamic
phenomena, which integrates both low-tech and high-tech tools, facilitates designers
to explore multiple options and configurations in the early stage of a design process.
Keywords. Urban aerodynamic; wind tunnel; Computational Fluid Dynamics (CFD);
wind simulation; urban design.

BACKGROUND
Understanding the fluid dynamics of the urban
airflow is crucial in architectural and urban design
since the phenomena of wind flow and dispersion
through a city determine environmental air quality,
wind pressures on buildings, urban heat islands, pedestrian comfort, and ambient noise level in the surrounding environment (Boris 2005; Zaki et al. 2010).
The main challenge in performing urban studies related with the wind and its aerodynamic impact on
buildings is to simulate and understand the problem
at the full scale. The limitations are mainly due to the
technical difficulties of setting up full scale simulations and the high cost to gather data in real conditions. Therefore, complementary tools are required
to support this kind of study. Technologies to reproduce or simulate the extra-large scale phenomena

of the wind interacting with dense groups of buildings are available. However, generating final datasets involves different approaches, different levels of
operational complexity, and various ways to render
the information. Analysing urban wind conditions is
particularly crucial in the early design stage, when it
is necessary to test many possible design options for
a project and to get a live feedback on the performance of the designed buildings.
The first question that researchers face is how
to visualise the aerodynamic phenomena of urban
wind. Visualising aerodynamic phenomena in the
urban environment can help architects to make
the right design decisions and alternatives that
can positively influence wind pressure, speed, and
turbulence on site. Different techniques have been
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developed for visualising wind flow, such as using
numerical methods to predict the behaviour of the
flow or using particle simulation or smoke to “draw”
the movement of the wind. In both cases, there is
an intention to simulate this physical phenomenon
in a smaller scale. However, simulating urban wind
phenomena is a complex task, due to the wind’s invisible nature, its large scale fluid environment that
produce chaotic effects when in contact with bodies of buildings, and the constant dynamic and realtime changes.
The most sophisticated Computer Fluid Dynamics (CFD) tools are limited in their abilities to reproduce the behaviour of complex and chaotic turbulence with a high Reynolds number (Boris 2005),
a measurement for quantifying the viscosity and
forces of fluids. The important phenomena of the
urban wind conditions such as turbulence cannot
be simulated in standard CFD tools which employ
Reynolds Averaged Navier-Stokes (RANS) approach,
which simulate the mean flow using approximation
of the effects of turbulent scales (Boris 2005). The
opposite of RANS is Direct Numerical Simulation
(DNS), the resource hungry and time-dependent
solution of the full Navier-stokes equations, the fundamental CFD algorithm. DNS can be used for small
scale turbulent modelling, thus the most numerical
studies are focused on general flow around a single
building, where the simulation of the interaction
between gases with surfaces gets better values of
predictions. The development of the model k–ε (k–
epsilon) with the Large Eddy Simulation (LES), implemented as a standard of a viscous turbulence model
to predict turbulence around buildings, is a reliable
technique for computational wind engineering (Stathopoulos and Zhou 1997), which has been used for
analysing building envelopes, natural ventilation,
wind pressure or snow accumulation around buildings (Bang et al, 1994). Currently, there are attempts
to set up a more complex configuration to simulate
wind passing between multiple buildings (Baskaran
and Kashef 1996). Although the development of
DNS is anticipated to improve in the next decades,
the use of DNS for simulating urban aerodynamics is

strongly limited with today’s computing power and
technology (Boris 2005). The requirements for high
computing power and adequate time to run CFD
simulations and input of experts with the right skills
to set up the simulation correctly cause CFD tools to
be really expensive and less accessible by architects
and urban designers. Besides, the outcomes of the
analysis require further validation in a wind tunnel.
On the other hand, techniques like industrial
wind tunnels work with real aerodynamic phenomena and can be used to simulate and provide a depiction of wind turbulence in an urban context that is
close to real-world. However, they are also expensive
and could be difficult to access in some places.
The challenges addressed in this paper are stated in the following research questions:
•
How to visualise urban aerodynamic phenomena such as vortices, directions, velocity?
•
How to collect and process real-time data of
the dynamic phenomena generated from
changes in the design of the physical building
blocks?
•
How to create an interactive work-flow that
enables designers to experience real-time
feedback while designing with the urban aerodynamic phenomena?
This paper aims to present some results of the fourdays Designing the Dynamic workshop where the
potentials of using different tools to capture and
visualise urban wind conditions in the early design
stage were explored.
In the conceptual design stage, when design alternatives are generated and need to be iteratively
evaluated, it is essential to get rapid feedback from
such a simulation. This is an observation using a
more qualitative approach, where the use of CFD
simulations at the early stage of design need to involve very simplified urban models and high limiting assumptions or input data. Although the accuracy of the simulation is compromised for the sake
of speed, the analytical process and results can be
adequately intuitive for the purpose of supporting iterative decision making processes. The need
to simulate urban aerodynamic phenomena in the
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early design stage can benefit from simplifying the
large scale industrial wind tunnel. These two approaches are investigated in this four-day workshop,
where high-tech tools and low-tech tools were used
and tested for visualising urban aerodynamic phenomena. Parallel analysis of urban conditions were
conducted, evaluated, and compared in order to understand the potentials, strength, and limitations of
each tool and how the tools can work in a complementary way.

TOOLS AND EXPERIMENTS
During the workshop, basic topological models
were designed and fabricated at different scale. Two
different CFD tools, Ecotect Wind Tunnel simulation
(which is hosted inside Autodesk Project Vasari) and
Ansys CFX, were used to visualise the aerodynamic
effects of the airflow around the models in a virtual
wind tunnel. Another experiment was conducted
in parallel: the models were tested in two different
wind tunnels, a small scale wind tunnel, custom
made during the workshop, and a large scale industrial wind tunnel. The parallel experiments conducted in the workshop are depicted in Figure 1.
The tools used in this workshop could be cat-

egorised into two groups: high-tech and low-tech
tools. High-tech tools refer to those with high level
of complexity and industry support, and require
high initial investment and running cost. In contrast,
we refer to custom-made or Do-It-Yourself (DIY)
tools and technologies as low-tech, as these tools
can be fabricated at low cost or require only a minimum capital investment.

The high-tech tools
The high-tech tools used in our experiment include
the two CFD software, Vasari and Ansys CFX, and
the industrial wind tunnel in RMIT University Bundoora Campus. Autodesk Project Vasari is a free
technology preview (beta) of an easy-to-use design
tool for creating building concepts. Ansys CFD is a
well-know and powerful software package for fluid
simulation made by Ansys. It offers a high-end CFD
solution package for fluid simulation that provides
powerful analysis and better accuracy, but entails
a high licence fee and requires expert input and
translation. Therefore, Ansys is not an affordable option for academic research (Chung and Malone-Lee
2010). The involvement from local architecture and
engineering practices in the workshop enable the

Figure 1
Process diagram.
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use of Ansys for simple 2D simulations, given the
time required to run Ansys could take a few hours to
a few days. On the other hand, Vasari is free and is intended only for conceptual design stage. Although
Vasari is designed for architects and assumed to
provide intuitive interface for users who are never
trained in fluid dynamics, expert training is still required for designers to use the Ecotect wind tunnel
simulation in Vasari properly.
The industrial wind tunnel is also considered a
high-tech tool as it requires a complex set up, especially if some probes or monitoring sensors are to be
placed on and around the fabricated 3D models. The
wind tunnel that was used in our workshop has a test
section that is 3m wide, 2 m high and 9m long, and has
been used for research and commercial testing of new
cars and airplane wings. In terms of cost, the industrial
wind tunnel can be more cost effective and efficient
in comparison to the use of CFD in simulating urban
aerodynamics. This is because the wind tunnel could
be used to simulate turbulence phenomena in a more
complex urban setting and visualise wind pressure on
the edges of, corners of, and between buildings.

The low-tech tools
The low-tech tools used in the workshop include
our own custom-made mini subsonic wind tunnel
and the Particle Image Velocimetry (PIV) technique
to analyse the video and image recordings from the
wind tunnel simulation.
The subsonic condition refers to a model of
wind tunnel of low wind speed and an open–return
type design (i.e. air intake and exhaust are not connected to each other) with a reduced size closes to
the first wind tunnel used by Wright brothers’ for
their first experiments in 1901. It was a low-cost tool
that requires simple fabrication for hands-on wind
simulation. Mini subsonic wind tunnels are a wellknown technology with practical applications in various education and scientific fields. The advantages
are the low cost and its portability. It is a technology
capable of producing real aerodynamic phenomena. It has been known since 1930 that there are different results in pressure distributions from testing
the models in uniform flow wind tunnels and from
full scale tests (Aynsley, Melbourne et al. 1977). With
the understanding of the differences between difFigure 2
Mini wind tunnel.

624 | eCAADe 30 - Volume 1 - Simulation, Prediction, and Evaluation

ferent tools and their limitations and by calibrating
a group of basic parameters in the first stage of the
design process, some wind conditions can be visualized and studied.
Existing architectural projects that used “lowtech subsonic wind tunnels” in the design process
include the project for a new Navy School in Valparaiso City in 1952-1957 (Pérez de Arce and Pérez
Oyarzún 2003) and Errant’s lodge (Casanueva Carrasco 1996). In both cases several tests were performed in mini low-tech wind tunnels to design
different architectural elements to control the seawinds that blow against the buildings. Both cases
demonstrate that it is possible to use these low-tech
tools to visualize the physical phenomena of the
wind, develop an empirical process of experimentation with models of various scales, and collect sample data for further processing.
Finally, in order to capture and post process
the information from the wind tunnel experiment,
the Particle Image Velocimetry (PIV) technique was
chosen. PIV is an optical method of flow visualization that it is used to obtain instantaneous velocity
measurements and related properties in fluids [1].
This technique is increasingly used in aerodynamic
experiments (Baker 2007). Among the existing open
source and commercial PIV tools, the open-source
JPIV software was chosen [2].

The experiments
The mini wind tunnel (Figure 2) built for the workshop consists of a test chamber, contraction section
(cardboard extractor hood in black color to avoid laser reflections), anti-turbulence screen, fans, smoke/
fog machines, 2D slicer laser device, and digital cameras.
The smoke machine was used to draw the flow
of the wind inside the test chamber. It was necessary
to work in a dark room for the experiments to work
with laser devices, which are used to visualize the
wind behaviour on 2D planes. Two green laser lights
were used to visualize the fog in front and plan view.
The speed of wind was around 1 to 2 meters per second.

We tested 3D models with different profiles:
Single volumes: regular boxes, boxes with cylindrical faces, irregular faces.
•
Group of volumes: two volumes, four volumes
in different configurations.
•
Different wind speed: to visualize vortices, low
pressure areas, etc.
Using the mini wind tunnel, it was possible to draw
the motion of the wind and visualize the wind behaviours, such as acceleration, direction, while
interacting with physical objects. The workshop
participants gained an understanding of the physical effect behind a wind flow, because they saw the
movement of the air, and at the same time, they
could interact with small scale models to visualize
the impact of different configurations. This fast feedback in the experiment was the most valuable experience from working with our low-tech wind tunnel.
A second type of experiments was performed
in the industrial wind tunnel in RMIT Bundoora
Campus. In this instance, we used 1:100 scale
models of volumes with different profiles (similar to the experiment in the low-tech wind tunnel) and two façade models that have different
texture configurations. The wind tunnel was set
up to reproduce a wind flow profile similar to the
ground level. The visualization was using bubbles.
The models were tested to visualize the following
aerodynamic phenomena:
•
Deflection of wind and turbulence on the top
of the models.
•
Turbulent zones in the ground level of the
models.
•
Turbulent zones of wind in the corners of the
models.
We used Vasari and Ansys CFX to perform a numerical simulation of the physical experiments in the
mini subsonic wind tunnel and analyse the effects
of different façade treatments on a volume. We performed a digital wind tunnel simulation to firstly visualize turbulent zones on a regular model from the
top view and lateral view. After applying different
façade textures on the model, the wind simulation
was repeated to produce a visualization and com•
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parison of turbulent zones on models with different
textures on the faces (Figure 3). The building and façade models were also fabricated for a parallel test
in the industrial wind tunnel (Figure 4 and Figure 5).
After a series of experiments in four days, we
gathered initial data and analysis results from different tools in order to compare the results and investigate the clarity and intuitiveness of the visualization
of the aerodynamic phenomena produced from using these tools.

COMPARATIVE ANALYSIS BETWEEN
PERFORMANCES OF TECHNOLOGIES
Digital simulation tools (Vasari, Ansys,
JPIV)
The first comparison was between the CFD simulation software used in the workshop, which are Vasari
and Ansys. The digital tools were used to replicate
and visualize the aerodynamic phenomena that were
simulated in the mini wind tunnel. Both tools are
useful for performing wind tunnel simulations with
digital models. When Vasari, which is a free technology preview released by Autodesk for a limited time,
is compared with Ansys CFX, a full-fledged CFD commercial product with a high license cost, Vasari performed quite well and produced similar results (as
seen in Figure 6). Although the wind simulation in
Vasari could work faster than Ansys due to the simpler algorithm used in Vasari, the urban model used
in the simulation must be a very simplified massing
model that has only a limited number of buildings
without any detailing; otherwise Vasari would crash
or the simulation would not run at all. Ansys CFX
is a complex tool, unsuitable for a simple and quick
analysis in the earlier stages of a design process. Both
software allow clear visualization of wind separation
zones around the model. The digital tools could work
with simplified models and models with textured
faces. Vasari, particularly, was able to provide a quick
indicative result useful for comparing multiple design
options. However, such digital simulation software
have limitations in simulating turbulent wind conditions and are unable to clearly visualize vortexes.

Another digital tool employed in our experiments
was the JPIV software, which was used to postprocess the information gathered from physical
models tests in the industrial wind tunnel. The PIV
technique has been used for analysing images captured from wind simulations in industrial wind tunnels (Kompenhans et al., 1999). The advantages of
JPIV as a post-processing tool are the ease-of-use
and the negligible cost with the open source version. Using JPIV, we were able to visualize the wind
direction, measure wind speed, and convert wind
movement into vector data from images captured in
the industrial wind tunnel (Figure 7). Unfortunately,
JPIV could not be effectively used to post-process
images taken from our mini wind tunnel, since the
photographs are not very clear due to the dark room
where the experiment was performed.

Physical simulation tools (large scale industrial wind tunnel, mini wind tunnel)
The large scale industrial wind tunnel is able to reproduce real aerodynamic phenomena and has
calibrated instruments for measuring and collecting
wind data digitally. However, the infrastructure was
offsite and the access was limited. Furthermore, it
required more human resources to operate the wind
tunnel and higher amount of time to set up the
simulation conditions and calibrate the measurement devices. Given the limitations of time during
the workshop, we were unable to utilise the sensor probes and measurement devices in the wind
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Figure 3
Analysis of different façade
treatments.

Figure 4
Wind tunnel simulations with
the physical models.

Figure 5
Wind tunnel simulations of
different façade treatments.

tunnel since the set up time of those probes might
require up to a week. However, during the experiment, it was possible to see the movements of the
wind, vortex and Eddy areas clearly on some parts
of each model. Without the probes, we were unable to see the aerodynamic phenomena around
multiple physical models. On the other hand, using the low-tech mini wind tunnel, we were able
to quickly set up simulations that were capable of
showing changes in wind behaviour with different
configuration of volumes. The time to set up each
experiment was short, and the visualization of different ranges of vortices and Eddy areas is possible

even with different wind speed. With the laser devices, it was possible to clearly see two-dimensional
layers of movements of wind on planar sections of
each volume and the movement of the wind passing through of a group of models. Data collection
was quite straightforward using cameras to capture
videos and images for post processing with the JPIV
software. In a nutshell, the mini wind tunnel tool
enables designers to interact with physical models
in a wind simulation that provides an instantaneous
visual feedback of the aerodynamic phenomena.
This makes such a tool to be particularly useful for
the early design stage.

CONCLUSION
Decisions made in the first stage of a design process are very critical in influencing the direction of
the project. Therefore, a good understanding of the
dynamics of the space, such as urban aerodynamic
phenomena, is needed. A clear visualization helps
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designers to understand how the wind flow affects
a site and how different design options and configurations may affect the wind conditions of the site.
To facilitate basic comprehension of the phenomena, designers need visual feedback in performing
hands-on aerodynamic experiments, such as wind
tunnel simulations. This is the premise of our experiments in a four-day workshop.
Parallel analysis and evaluation of the high- and
low-tech tools resulted in useful findings. CFD analysis could provide an intuitive feedback for visualising
urban aerodynamics phenomena but requires high
computing cost and highly limiting assumptions to
be taken into account in setting up the models and
help from experts to translate the results. The industrial wind tunnel also requires high initial and ongoing investment cost to run, but is more effective in
simulating more facets of urban aerodynamic phenomena using a more complex urban model that
cannot be hosted inside a CFD simulation.
A novel discovery in our experience is that the
analysis results from observing the aerodynamic
phenomena simulated in the low-tech wind tunnel
made and used in the workshop are comparable
with the results from high-tech tools. The simplicity
of setting up basic models for the simulation makes
the low-tech mini wind tunnel suitable for performing aerodynamic experiments in the early stage
architectural design. Additionally, the low-tech subsonic wind tunnel is useful for pedagogical airflow

analysis, given its capability to visualise the physical
properties of the airflow and allow hands-on experiment with instantaneous feedback. These kinds of
tools have been displaced by the current CFD techniques and computational methods, however they
are very easy to set up and implement, and their
usefulness for early stage design explorations are
evidenced by the workshop.
In places where high-tech tools like industrial
wind tunnels and expensive digital tools are not
available, the mini wind tunnel proposed in this paper is a good alternative for promoting comprehension of basic aerodynamic phenomena in the conceptual design stage. Digital simulations with the
high-tech tools can complement the low-tech tools
to improve an inquiry of the urban aerodynamic
phenomena on a specific site.
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Figure 6
Vasari vs. Ansys CFX.
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Figure 7
Post-processing of an image
from the mini wind tunnel
simulation using JPIV.
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