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A flexible kinetic windbreak
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Abstract. The study of wind conditions in the urban context has multiple application areas such as for cleaning pollution through ventilation, analysing wind pressures on building façades, and improving pedestrian comfort. In this context, the Pneumosense project is a
student’s project focused in the design of a kinetic system to ameliorate negative impact of wind conditions in pedestrian areas in the city
of Melbourne. Its development considers several stages including site
analysis, analogue wind tunnel testing, digital simulations with Computational Fluid Dynamic software, material explorations, kinetic
component design with Arduino, and rapid prototyping.
Keywords. Urban aerodynamics; windbreak; wind tunnel simulation;
computational fluid dynamics; architectural prototype.

1. Introduction
The aim of this project was to design an adaptive windbreak system to improve the habitability and comfort in a building’s external space, which is
prone to strong prevailing winds.
Studies about human discomfort produced by wind in environments near
buildings (Gandemer et al., 1978) provide a broad information about more
common aerodynamic issues in built environments. Existing techniques to
ameliorate wind conditions on pedestrian areas (Cochran, 2004) consist
mainly in urban planning and low scale interventions, like the use of natural
windbreaks, such as trees or shrubs, and artificial windbreaks, such as porous screens. These solutions often incorporate very little aesthetic design
considerations.
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This paper presents an alternative proposition for wind control, a kinetic
and adaptive artificial windbreak called Pneumosense, capable of sensing the
current wind conditions, deflecting and reducing wind speed, and helps to
improve pedestrian comfort of a site of the north boundaries of Melbourne
CBD. This approach extends the existing methods to deal with the dynamics
of wind conditions on public areas.
This project was a successful conceptual design developed in an intensive
three-week cross-disciplinary elective course in the School of Architecture
and Design, RMIT University. The course was offered to architecture, landscape architecture, and engineering students. The Pneumosense final design
is a proposition presented by the team of Marta Sophianti, Lazuardy Laisuhanta, Vera Raquel dos Santos and Zin Mee Zin Win. Reports on other student projects of the same course can be found in Moya et al (2013).
The project was designed and developed after performing site analysis,
material explorations, and technical experiments with Arduino. The wind
conditions of the site was analysed using analogue measurements, physical
wind tunnel simulation, and digital simulation. The data gathered from the
site analysis was visualised and compared to inform the design of the adaptive windbreak. The explorations with the materials, sensors, and actuators
lead to a new design of a kinetic windbreak. The windbreak model was tested in the digital simulation to achieve the desired intervention prior to the
fabrication of the model. Finally, the prototype was installed and tested on
site to evaluate the impact it has on the wind conditions on site.
2. Precedents
Existing research on responsive and kinetic architecture have mainly focused
on its application for facades to improve the energy performance of buildings (Sharaidin et al., 2012). The main considerations for designing kinetic
facades or structures in architecture have been to improve natural daylight or
regulate indoor temperature.
To develop a concept for a kinetic structure which adapts to ambient
wind conditions, some precedents were studied includes a study of contraction and expansion of fabrics through embedded frames and an electronic
control. Another reference considered was the "Responsive Surface" by
Michell Johanna Cardona from Cornell University’s College of Architecture,
Art and Planning (Cardona, 2011). Here, an artificial skin with a porosity
pattern was explored as a potential responsive building envelope to improve
their energy performance (Figure 1, left). Sensing and computation were
used to gather data about the environment and actuate on those surfaces to
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improve the building’s internal conditions. However, those projects are
mainly focused on exploring daylight and designing shading devices.
Except one concept design, the Blow Wall/ Urban Wind-Vibro-Power
screen (2013), to our knowledge, there is no existing research or development into kinetic or adaptive architectural windbreak. The Blow Wall is an
artificial urban windscreen for public plazas which controls wind and harvests wind energy with small elements vibrating with the wind flow (Figure
1, right).
These precedents show approaches which were presented as challenges in
the course and were integrated into the Pneumosense project: a windbreak
device to be placed in outdoor pedestrian areas, with kinetic features that are
capable of adapting to the changes of the wind conditions.

Figure 1. Left: Responsive Surface by Michell Johanna Cardona (take from Cardona, 2011).
Right: Blow Wall (taken from adaptivecomponentsystems.wordpress.com)

3. Site data analysis and simulation
The course integrated approaches from architectural design, engineering, and
computing to achieve the two main tasks of the project: 1) analysis of wind
and environmental conditions in outdoor space; 2) design and evaluation of
an artificial windbreak in public space. Therefore, the Pneumosense team
had to collect site and historic contextual data, understand the underlying
wind phenomenon, run scientific experiments and digital simulations to inform the iteratively design process and the performance evaluation. Computational Fluid Dynamics simulation, a wireless weather station for analogue
measurements and a mini wind tunnel (Salim and Castro, 2012) were used
simultaneously. Different wind analysis tests were run. The goal of these explorations was to map and visualize the shelter areas and wind speed areas
around buildings.
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3.1. COMPUTATIONAL FLUID DYNAMICS (CFD) SIMULATION
Using Vasari software for CFD simulation (Figure 2, left), physical erosion
test using the mini wind tunnel, and visual observation with a weather station,
it was possible to draw a wind map of the area showing different pressure
areas, direction of the wind flow and wind speed. This analysis identified
three regions within the chosen site: main incident wind areas and directions,
turbulent areas and a diffuse airflow area. These aerodynamic phenomena
are produced by canyon effect, a well-known phenomenon that occurs in cities (Ahmad et al., 2005).
3.2. SITE DATA COLLECTION AND VISUALISATION USING A
WEATHER STATION
The wind speed, pressure, and directions around the site were captured,
monitored, and logged using a weather station. The data was then analysed,
and compared with the analysis from the digital simulation.
The turbulent wind effect on this area was evident through simulation and
data collection (Figure 2, right), the pedestrian discomfort was also observed
while on site. The turbulent area in the zone was chosen as the site of the kinetic architectural windbreak installation to improve the pedestrian comforts.

Figure 2. Left: CFD Simulation of the urban area. Right: weather station wind map, with areas of wind speed (grey colour is more intensive)

3.3. ANALOGUE WIND TUNNEL TEST
The first test was done in the analogue wind tunnel constructed and a smallscale urban model of the site was placed in this wind tunnel. Using the simulated wind and salt particles to visualize erosion contours around the physical models, the impact of the wind on the pedestrian areas affected by the
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topological configuration of the group of buildings and wind behaviours
could be better understood (Figure 3).

Figure 3. Erosion test. Experiment in a mini wind tunnel.

4. Concept and design process
During the design process of the Pneumosense project, two options were developed. The first one was a flexible and porous screen system with horizontal blind-like frames operating in a vertical movement (Figure 4).

Figure 4. Pneumosense first concept (screens).

However, this first version generated only a small region of protection,
had a poor structural resistance to the overload produced by the wind and
had a high operational complexity.
The final alternative was a cylindrical mesh with two types of porosities:
a structural porosity and a layer of adaptive porosity (Figure 5). Even though
both alternatives were different, the concept behind them was the same: a
skin with an adaptive porosity which responds with the variation of wind
speed measured by the wind sensors. Porosity can filter and diffuse high
wind speed more efficiently than opaque barriers; with the variation of the
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porous density as controlling factor (Gandemer, 1981). Based on these facts,
the proposed windbreaks could produce a sheltered area that mitigated
strong turbulent wind. The idea was to consider the necessary flexibility and
the structural stability in the presence of the wind drag force. The final concept was a tree-like three-dimensional mesh that can adapt to unpredictable
wind conditions, such as the variation of the flow direction.

Figure 5. Pneumosense final concept.

The concept was developed in Rhino Grasshopper to explore different
options and variations of the panel configuration and porosity patterns.
4.1. MATERIALITY
Using flexible material resolves the need for porosity and flexibility without
elaborated complex mechanical system. Working only with the flexibility of
the material this skin can be stretched producing different sizes in the porosity pattern. Different kinds of geometric topography made of silicone material
were tested to select a good configuration for the mesh pattern. In the end, a
simple leaf-like sheet with small cuts was chosen in order to be stretched
from each vertex. Those panels were assembled into a mesh to be controlled
by a simple mechanism.
A further possibility was to use smart materials, such as Smart Memory
Alloys (SMA), to stretch and control the expansions of the material structure
without the need of electric motors. A solar system could be designed to
power the system.
4.2. TECHNICALITY
The unpredictable condition of wind requires an automatic responsive system to adapt automatically to these changes. An electronic platform was
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used to sense, quantify, evaluate and respond to the wind conditions. The
Pneumosense project integrated readings from wind sensors, running on an
Arduino board, to actuate servo motors. The wind sensors measured the
wind speed and this data was processed by the Arduino to control a servo
motor producing three grades of tension on the flexible mesh, increasing or
decreasing its porous density at the level of pedestrians when the wind is
blowing (Figure 6).

Figure 6. Arduino Platform and test of porosity control with flexible material.

5. Prototype
The final step of the students’ work was to build a full scale prototype of the
Pneumosense project which replicates some features of natural windbreaks.
The result was an improvement of the aesthetic design, and its performance
as artificial windbreak. However it was not a simple simulation of a tree, rather a kinetic device which could respond through a process of adaptation to
deflect the wind and reduce wind speed under multiple wind directions.
This prototype had two sections with panels to create a porous surface.
The top section had static panels to work as a filter and a deflector of the
downwind, constructed as a structural mesh. The second part of the windbreak was a cylindrical section of kinetic panelling at the bottom of the
structure working at the pedestrian level. This motor controlled mesh could
change its porosity density from 0% (unstrech) to 5-8% of porosity
(stretched) when operated vertically.
The general shape of this kinetic windbreak had the form of an inverted
cone mesh (Figure 7). This conical design resolved one of the most significant problems related with the wind: the unpredictable wind directions. Generally, static windbreaks as a screen need to be orientated to the prevalent
wind direction. However, changes in the pressure zones caused by seasons or
new buildings that modified the urban configuration will produce variations
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in the direction of wind, affecting the windbreak performance. The students’
windbreak design is based on a cylindrical structure rather a simple screen or
flat barrier, hence, it does not have problems in facing different wind directions.

Figure 7. Pneumosense, prototype assembly.

6. Evaluation
There are two stages to evaluate the proof-of-concept prototype: first, a digital simulation with CFD software (Vasari) and second, a quantifiable testing
of the physical model on site using a weather station.
The digital design was tested with the Vasari simulation software to evaluate its performance. Firstly, it was studied as individual element. The test
showed a significant reduction of the wind speed when the wind passed
through the structure and we observed a lower wind speed around the windbreak’s edges. This is a significant improvement compared with an opaque
barrier. On the other hand, a natural screen such as a tree produces mitigation by its foliage at the top, but not at the branch level, where wind still
produces discomfort in pedestrian areas. This concept of a complete porous
structure can deal with this issue. Secondly, the students experimented with a
group of windbreaks to select the arrangement with the best performance in
terms of dealing with different wind directions and wind speeds, as well as
to increase the shelter area (Figure 8).
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Figure 8. CFD test of protection region (dark colour represents slow speed wind)

The porous density of this artificial windbreak regulated by a mechanism
opened several possibilities. For instance, the aperture of the porous could
respond to the temperature conditions of the environment, increase or decrease the wind speed as required depending on the variations in temperature.
Due to limitations of time, materials and cost, it was not possible to build
a group of fully functional prototypes. However, the students installed a
proof of concept model on site and carried out qualitative observations about
the visual impact of this structure on the site, as well as limited quantitative
evaluation of the wind speed around the model using a weather station (Figure 9).

Figure 9. Prototype installation and wind measurements around the model

7. Conclusion
The Pneumosense is a students’ project conducted during an intensive elective course. However, it was designed following a workflow that involved a
multidisciplinary approach, allowing students to define environmental problems, analyse the wind condition factors and design potential solutions with
a new approach. This concept that integrates kinetic system design with per-
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formance-based design of windbreaks is an original contribution of this paper, which deals with windy pedestrian areas in outdoor environments. The
general concept of the Pneumosense project integrated a smart design with
efficiency and aesthetics. With a more complete development this design
could be a contribution to the field of wind architecture, where there are not
many tools to resolve the negative impacts of strong wind effects in the urban context, kinetic devices can be an interesting alternative to deal with the
unpredictable nature of the wind.
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