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We present a study of how parametric design can be linked to field experiments
where ready-made plug-ins are not available for performative modelling. The
study centres on prototyping `Singing Cans' - an experimental wind instrument
made with an assembly of drinking cans that can produce sounds in recognizable
pitches by interacting with airflows. We describe how field experiments
conducted in a fluid flow lab can generate performative resources linkable to
parametric design modelling. In Singing Cans, we focus on how to get airflow
through a hole made on drinking can to make sounds. The prototyping process
involved a lab-based calibration process to establish the relationship between the
air volume of a can, measured by water-filling, and the pitch produced, measured
by the Tuner Lite by Piascore. The field experiments resulted in a dataset
capturing a can's sound-making behaviour in terms of water volumes and pitches.
A parametric model that can take in wind data generated by a CFD package and
output a 3D frame for site-specific cans installation is presented.

Keywords: parametric design, field experiments, experimental wind instrument,
fluid flow instrumentation, sound production

RESEARCH CONTEXT: SITE-SPECIFIC UR-
BANWIND ENVIRONMENTS
Wepropose an idea of urbanmusical instrument that
originates from urban wind environments.
The urban wind flows are seen as a sound-making
system that drives an array of disused drinking cans.
We consider the idea in an urban context where the

wind flows exhibit various patterns shaped by dif-
ferent building densities. As shown in Figure 1, the
higher aspect ratio (H/W) can create a stable circula-
tory vortex between buildings (Oke 1988).
Therefore, we are interested in looking for narrow
streets as potential installation sites. The design chal-
lenge here is how to develop a generative system for
configuring recognisable pitches generated by wind
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flows for people to hear and interact - Singing Cans.
In general, the principle of sound production is

related to the vibration and movement of the air
molecules in the surrounding area. For instance, in
flute playing, the lips direct the air stream against the
thin edge of the mouthpiece, raising the resonance
of the pipe to produce a tone (Farnol 1941). A gen-
eral name of the instruments that produce sounds
throughfluiddynamics is called reustophones (Mann
and Janzen 2015).

Figure 1
The wind flows
characterised in the
building-street
aspect (H/W) ratios
(after Oke 1988)

Figure 2
Wind flows through
a can with a sharp
edge cut open

In our project, the design of a frame is required to as-
semble Singing Cans in a site-specific way and main-
tains the same wind pattern after installation. By fol-

lowing the flow regimes, parametric frames are cre-
ated and placed in a specific locationwith the extract
wind data from the CFD simulation.

In Singing Cans, we focus on how to get airflow
through a holemade on the cans to produce sounds.
Aluminum cans were selected as the main form and
material because it was easy to find them from recy-
cling points. To assemble the cans into a site-specific
installation, we focus on how to get the wind data
from the site and then use them to generate a frame.
This paper shows (1) howwe catch the airflow to pro-
duce sounds following theprinciple of themusic pro-
duction of the flute; (2) how we create the installa-
tion frame based on CFD simulation of urban micro-
climate, following the adaptive parameters in terms
of the size of the frame and cans.

SOUND-MAKING CANS
From a basic study of sound-making with cans, we
moved to generate pitches from cans. This involved
a lab-based calibration process to establish the re-
lationship between the air volume of a can, mea-
sured by water-filling, and the pitch produced, mea-
sured by the Tuner Lite app by Piascore. The field
experiments resulted in a dataset capturing a can’s
sound-making behaviour in terms of water volumes
and pitches. When the wind blows through a pipe, it
does not produce sounds all the time; only when the
air is resonating in the chamber, then noises could be
heard (Benade and French 1965). The phenomenon
can be further explained by Reynolds number in fluid
dynamics.

It was found that the relationship of the fluid
density of air, the flow velocity and the diameter of
a pipe influences turbulence flows in the pipe (Upp
and LaNasa 2002). A pipe sounds when the Reynolds
number reaches a certain level, and sounds could be
heard as the air inside the pipe is vibrant and res-
onate. In Singing Cans, we found that the angle of
airflow into a can is an important factor. The airflow
going through the sharp edge cut open on a can be-
comes turbulent from a laminar state (Raman and
Srinivasan 2009). In order to identify certain valid an-
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glesof the input airflow,wecreatedahole in each can
and we tested them by rotating the cans in different
directions.

Figure 3
Wind testing of
cans in the Lab

Figure 4
Pitches in Cans

Figure 5
Sound production
with the cans

Our lab experiments show that the cans produced
sounds within a particular range of 60 to 90 degree.
Throughout the testing, we concluded that the can
should be tangent to the airflow as indicated in Fig-
ure 2.

In the lab, a wind tunnel (Figure 3) was used to
measure the pitches produced by the cans. In the be-
ginning, a single can of 330ml was tested. We first
noticed that a certain angle of the hole in relation
to the airflow, around 90 degrees (Figure 2), was re-
quired for the can to sound optimal. As the wind
tunnel can be controlled to produce different flow
speeds, we investigated the measurement of pitches
in 445 Hertz frequency level. When the wind speed
was high enough, the result was a louder sound with
no stability and sometimes the pitch was convert-
ing into noise. Therefore, the wind speed was sta-
bilised at approximately 7.5m/s for taking the mea-
surements as the sound data.

Our laboratory experiments provided useful nu-
merical data and knowledge on the conditions of
how a can produces different pitches. Cans with dif-
ferent sizes were further tested. The observation was
that different sizes produceddifferent pitch readings.
As expected, cans of fewer air volumes resulted in
higher pitches. In order to obtain a more accurate
pitchmeasurement, waterwas used to control the air
volume inside the can. To produce a wider range of
notes, a can of the 568ml volume was tested. Eight
cans of the same volume size, filledwith different vol-
umes of water inside, were tested separately to pro-
duce one note. A range of eight musical notes (D4,
E4, F4, G4, A4, B4, C5 and D5) was then generated
into a dataset (Figure 4). Subsequently, we control
the rotation of the cans to produce seven pitches or
the chord of pitches like Figure 5. Each can was pro-
grammed to be on or off for a certain duration to cre-
ate the melody.

SENSING CURRENTWIND DATA
For further development, the ranges of airflow veloc-
ity and direction were considered as the essential in-
put data to a generative sound-making system.
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Figure 6
An Arduino-based
wind sensing
platform

Table 1
Arduino
components

Figure 7
Arduino assembly
diagram

Figure 8
Sensing wind
direction to rotate
the cans

Arduino is a useful resource for us to construct awind
sensing platform. The application method comes
from an anemometer and a wind vane. The process
shown in Figure 6 starts with the current wind speed
and wind direction as the input data to the Arduino
system. The microcontroller activates servo motors
to rotate the cans following the angle reading from
wind vane direction. We also develop an alternative
method: If the wind velocity is not high enough for
the cans to produce audible sounds, a speakerwill be
activated to play pre-recorded sounds instead.

In prototyping the interactive Singing Cans in-
stallation, wehave utilised a number of physical com-
puting components (Table 1). These components are
divided into input andoutput groups. Figure 7 shows
how the system works. The process begins with the
input data of the wind direction and the wind speed.
Two push buttons were used for sound recording.
When processing these data, the system makes two
decisions based on the inputs (Figure 8): (1) if a wind
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Figure 9
Extract wind data
from Envi-met

speed of 5 m/s is reached, the cans will be rotated
to align with the wind direction. As such, the cans
will be able to generate sound from the airflow; (2)
if a wind speed below 5 m/s is measured, then the
speaker is activated to play the recorded sound file.

Figure 10
The formula for
calculating the new
vector

Figure 11
The way to define
the boundary

PARAMETRIC MODELLING OF THE FRAME
DESIGN
In order to determine the geometry of a framedesign
for site-specific installation, we first used ENVI_MET
(a CFD urban climate modelling package) to gener-
ate wind data. The simulated wind data were then
imported to a parametric modelling process using
Rhino-Grasshopper (Figure 9). The data comes from
ENVI_MET software which investigates CFD simula-
tion in climatological conditions [1]. Then, a uni-
form rectangular grid with the spacing of 1 meter
along the x- and y-axis was used for both mod-
elling and simulating in ENVI-met. Each grid point
was the observation point of wind data for the
speed and direction. Finally, the simulation results
were extracted into spreadsheets for followingwind-
informed parametricmodelling design in Rhinoceros
3D and Grasshopper [2].

With the initial grid-based wind conditions, data
interpolation was implemented with the inverse dis-
tance relationship to the existing grid points. In the
3Dmodelling environment, wind data is represented
by the vector. The wind speed defines the length of
the vector and thewinddirectiondefines the angleof
the vector. There are two customised procedures im-
plemented in Python within the Rhino-Grasshopper
scripting environment [3]. The first is to generate a
parametric curve following the wind direction and
speed. We recursively define new vectors with the
closest four neighbours while moving forward. The
second step is to determine the termination criteria
given the desired boundary conditions.
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Figure 12
Two locations on
the University of
Sheffield campus
selected for Singing
Cans installation

Figure 13
A horizontal frame

Figure 14
A vertical frame

Figure 15
The overall
workflow of the
Singing Cans
prototyping

The inverse distance formula is used to calculate the
distance relationships from a target location with
four closest neighbour grid-points. These relation-
ships are later employed to define new interpolated
wind direction tomove the target point forwardwith
a unit length, as shown in Figure 10. This step
is executed recursively until the termination crite-

ria are met. By specifying the desired boundary
as showed in Figure 11, the termination procedure
checks whether the new target location exceeds the
set boundary. If true, the curve generationwill be ter-
minated.

THE SITE ADAPTATION PROCESS
Based on specific wind data, discovering the ideal ar-
chitectural shape can be realized by parametricmod-
elling (Kormaníková et al. 2018). We adopted a com-
putational fluid dynamics (CFD) site modelling ap-
proach to the frame design. For meeting the de-
sign and environmental requirements, the chosen
site needs to contain two conditions: (1) to select
the city corner as the application scene; (2) to obtain
a relatively stable high wind velocity environment,
the site needs to present a narrow and long corridor
space. Considering the above considerations, two lo-
cations on the University of Sheffield campus were
selected to collect wind data and generate structural
forms (Figure 12).

Due to the need for adapting to different site
characteristics, here two different vertical and hori-
zontal structures were proposed. Site 1 provides a
wall at a height of approximately 1100 mm, and the
installation can be placed directly above this wall, so
a horizontal frame is designed (Figure 13). At site 2,
the installation is directly placed on the ground, and
the frame structure needs to have a specific height.
The vertical height of the frame is generated by the
XZ section of wind data to determine the height of
each column, so a vertical framework is shown in Fig-
ure 14.

ON-SITE DISPLAY OF URBAN MUSICAL IN-
STRUMENT
The development of ‘Singing Cans’ installation com-
bines virtual and physical prototyping to test how
digital tools can successfully activate the interactive
features (Figure 15). In this project, we start by iden-
tifying locations with higher wind speeds on campus
to investigate on-site wind conditions through sim-
ulation. We then incorporate the simulated data to
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formulate the wind flows into parametric shapes for the structure frame design. The proposed frame de-

Figure 16
A horizontal frame
rendering on site

Figure 17
A vertical frame
rendering on site
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sign is envisaged to receive enough wind speed and
not to interfere with the existing wind conditions on
site.

CONCLUSION AND FURTHER DEVELOP-
MENT
The Singing Cans urban wind instrument can be fur-
ther improved, by implemented alternative rotation
methods to generate different sounds of various vol-
umes in the cans and use more push buttons to
switch the rotating patterns of them. For further re-
search, an Internet of Thing (IoT) user interface could
be developed to extend the interaction design. The
IoT layer will link up multiple installations at differ-
ent sites (Figure 16 and Figure 17). Themobile device
based application can display real-timewind data for
the users as hints to navigate through the city’s wind
environments. Thus, the Singing Cans urban musical
instrument not only provides a system for the pub-
lic to interact with thewind and sound environments
but also offers a practical facility to collect wind data.
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