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Introduction

This project proposes a biomimetic design approach in-
spired by stoma cells to enhance natural ventilation in build-
ings and improve indoor air quality. The study focuses on a
case study in Istankbul, Turkey, which has a Mediterranesan cli-
mate that often experiences hot and dry surmmers. The pro-
posed design aims to optimize wind flow into the building
and regulate the indoor temperature and humidity levels
through a series of structural and mechanical modifications.
By emulating the stoma cells' natural process of opening
and closing, the design can adjust the ventilation system
based on the external environmental conditions. The project
aims to demonstrate the feasibility and effectiveness of this
approach in improving indoor air guality and reducing
energy consumption in buildings in a Mediterranean cli-
mate. This research can contribute to sustainable building
design practices by introducing nature-inspired solutions
for natural ventilation,
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Importance

Mentilation is a crucial factor in maintaining healthy indoor
air quality. It plays a crucial role in diluting and removing pol-
lutants generated by various sources such as human activi-
ties, building materials, and outdoor sources. The primary
function of ventilation is to introduce fresh clean air and
rermove polluted air, which helps to control termnperature, hu-
midity, and moisture levels inside the building. Poor ventila-
tion can lead to respiratory problems, headaches, and fa-
tigue, and may cause the accurnulation of harmful pollut-
ants such as carbon dioxide, carbon monaxide, volatile or-
ganic compounds (VOCs), and particulate matter.

Inadequate ventilation can lead to both short-term and
long-term health effects, including respiratory illnesses, car-
diovascular disease, and cancer. Cood ventilation design is
critical to maintaining acceptable indoor air quality levels
and protecting the health and well-being of occupants. It is
essential to have rapid extraction in situations where nox-
ious gases are released and excessive particulates are creat-
ed to ensure that the indoor air quality remains at accept-
able levels. In surnrmary, proper ventilation is necessary for
ensuring a healthy and comfartable indoor ervironment,
controlling termperature and humidity levels, and reducing
the harmiful effects of indoor air pollution.

Light
Quality

Improve
Air Quality

Breathing Architecture || Importance

Thermal
Comfort

Energy
Efficiency



Breathing Architecture || Chatenams

Challenges

Designing a building that takes into account wind di-
North-East rection to improve indoor air quality can present vari-
ous challenges. The building's location and surround-
ings, climate, and building form can all affect the effec-
tiveness of designing for wind flow. Additionally, occu-
pant comfort must be considered, as excessive air flow
or drafts may cause discomfort and reduce the effi-

Wind Flow
Direction

ciency of heating, ventilation, and air conditioning
(HVAC) systems. The cost of incorporating wind flow
considerationsin building design and maintenance re-
quirements should also be taken into account.

In summary, designing a building for wind flow re-
quiresathorough assessment of various factorsto opti-
mize indoor air guality. The building's location, climate,
and form must be carefully considered, while balanc-
ing the benefits of wind flow with occupant comfort,
and taking into account potential costs.

Building Parameters

Buildin g Wind direction can play a significant role in determin-
Orientation ing the placement of a building, as it can impact the
flow of air in and around the building. By designing
the building with consideration for wind direction, itis
possible to increase air flow in indoor spaces, which
. can improve indoor air quality,
Opposite oo

Figure_ Wind Flow Di-
rection and Building ori-
entation



Function

Cross Ventilation

Cross ventilation is a natural ven-
tilation strategy that uses wind
pressure to create a current of air
through a room or building. The
process involves opening win-
dows on opposite sides of the
room or building to allow fresh
air to flow in and out of the
space, which can help to regu-
late indoor temperature and im-
prove indoor air quality.

When the wind blows against a
building, it creates areas of high
and low pressure on different
sides of the building. By opening
windows on both sides of the
building, the difference in pres-
sure between the two sides cre-
ates a natural airflow through
the space, which can help to
flush out stagnant air and re-
place it with fresh air.

In summary, cross ventilation
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Wind Analysis

By analyzing wind direction, we can determine the optimal orientation of the facade units to effectively
use prevailing wind and achieve rmaximurn energy efficiency.

Once we have a good understanding of the wind direction, we can start to design facade units in a way
that allows them to open and close to direct the wind flow.
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)

)D)))f»%
Yt

T

OME CCEAN PAVILION

The kinetic media fagade isan in-
tegral part of the Thematic Pavil-
ion, @ major and permanent
building for the Expo 2012 in
Yeosu, South-Korea which was
designed by SOMA Architecture,
Vienna,

A new type of kinetic fagade
systermn is presented which was
inspired by flexible deformation
principles found in plant mowve-
ments. The project is a role
madel for a novel application of
glass fiber reinforced polymers
(GFRP] for deployable structures
as well as for advanced biomi-
mietic résearch and design.

FUNCTIONS

The building's adaptable kinetic
facade enhances natural ventila-
tion by capturing and guiding
winds through the bulding
during moderate and non-hu-
rmid intermediate seasons.

During this pericd, radiant floor
systemns are directly cooled via a
seawater heat exchanger. In
peak summer conditions, dehu-
midification of supply air and ra-
diant floor cooling are powered
by highly efficient turbo com-
pression chillers linked to the
seawater heat exchanger.

During winter, these chillers are
reversed to heat pump mode
and use seawater as an energy
source to generate heat for the
radiant floors and the mechani-
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Components of the system

The facade consists of kinetic
lamellas, supported at the top
and the bottom edge of the
facade

The lamellas are moved by actua
tors on the both the upper and

lower edge.

The longer the single lamella
the wider the angle of opening
and the bigger the area affected

by light
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The louvers are moved by actua
tors located on both the upper
and lower edge, inducing com
pression forces to create the com-

plex elastic deformation

They reduce the distance be-
tween the two bearings and in
this way induce a bending which
results in a side rotation of the

louwver,

The actuator of the louvers is a
screw spindle driven by a servo-

motor

A computer controlled bus
systemn allows the synchroniza-

tion of the actuators

Each louver can be addressed in-

dividually within a specific logic
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Inspiration

Stoma Cell

Stomata are tiny openings found on the
surface of plant leaves that regulate the
exchange of gases and water vapor be-
tween the plant and the environment.
The opening and closing behavior of sto-
mata can indeed serve as an insgiration
for responsive facade design. Just as sto-
mata regulate the exchange of gases and
water vapor between a plant and its enwvi-
ronment, a responsive facade can be de-
signed to regulate the flow of air and light
into a building.

Opposite
Storna Cell
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Responsive Process

The opening and closing behavior of stomata can indeed serve as an inspiration for responsive
facade design, Just as stomata regulate the exchange of gases and water vapor between a plant
and its environment, a responsive facade can be designed to regulate the flow of air and light
into a building.

For examiple, a facade system with movable panels or louvers can be designed to open and close
in response to changing environmental conditions. Sensors can be used to detect changes in
temperature, hurmidity, and sunlight, triggering the panels or louvers to adjust their position and
regulate the flow of air and light into the building. This can help to reduce energy consurnption
by minimizing the need for heating and cooling, while also providing occupants with a more
comfortable and visually engaging space.

Im addition to regulating environmental conditions, a responsive facade inspired by stormata can
also provide aesthetic and architectural benefits. By mimicking the pattern and texture of sto-
mata, a facade can create a visually striking and biophilic design that connects occupants with
the natural world.

Humidity CO2 level

Environment Condition Building Interior Facade Behaviour
Temperature Thermal Comfort =
1. Open
Prevailing Wind ——J> air Quality >
p~ 2 Close
1
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Design Process

Initial Investigations

This research endeavors have attempted to replicate the behavior of stomata cells in the design of building ventila-
tion systerns. By mirmicking the opening and closing of stomata cells, it is hoped that these systermns will provide a
more sustainable and energy-efficient solution for contrelling indoer air quality and air flow within buildings.

In order to achieve this, we have developed a pattern that replicates the structure and behavior of stomata cells. By
comprehending the functioning of these cells, they can be modeled and utilized in the design of artificial systems
that can simulate the opening and closing of stormata pores.

Subsequently, this behavior is integrated into the design of the ventilation system to facilitate airflow into the build-
ing. This novel approach is anticipated to provide more efficient control of indoor air quality, reduce energy con-
sumption, and enable a more sustainable solution to building ventilaticn.

Frame/Boundry Frame/Boundry
Elastic Shell Elastic Shell
Air Pressure Increase Air Pressure Decrease

Closed Source

Thin Inner Skin

Open Source
__Thin Inner Skin

Thick outer Skin Thick outer Skin

L IR T TR
St St g Saa?

fax® fan® fan® fass
il il il il
fL faL it i)
Baaw fant fan® fanv
=\\ll§ =~-|.1t“|!|Ir }"‘“ﬁ ;\‘lllg

fas® fast fan® fass

A

WA WA WA WA
#s.ﬁ 5&% 'ﬂ"nﬁhﬁ

o
Left [a]F
Inatial Imvestgations



Breathing Architecture || Initial lnvestigatiorn

Design Process

Initial Model
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Design Process

Initial Investigations

We devised a unit shape that demonstrates an
opening and closing behavior, based on the struc-
ture of balloon-like stomata guard cells. Specifical-
ly, the unit shape operates by inflating to close

| — and deflating to open. To cptimize this behavior,
e o we explored various configurations and assessed
Carcbomnd model ex- . !
Flrernantian Baleod their effectiveness.
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Design Process
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Initial Investigations
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Design Process

Initial Investigations
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Design Process

Model Component

Scan for the Animation
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Initial Model
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Initial Model
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Design Process

Initial Model
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Grasshopper Code
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Conclusion

In conclusion, this Portfolio presents the design and implementation of a biomimet-
ic responsive facade aimed atimproving indoor air quality by providing naturalventi-
lation. The proposed facade design is inspired by the opening and closing behavior
of stomata cells, which respond to environmental stimuli such as light, temperature,
and humidity, The designed facade unit is capable of opening and closing based on
the indoor air guality, with the opening mechanism activated when the air quality de-
teriorates and closed when theair quality improves,

To demonstrate the effectiveness of the proposed design, a small-scale model was
built using a balloon and an air pump. The results from the model showed that the
proposed design is capable of providing natural ventilation while maintaining a
healthy indoor air quality.

The use of biomimicry in building design offers a promising approach to address sus-
tainakbility challenges and improve indoor air quality. The proposed design hasthe po-
tential to be implemented in real-life building applications, offering a sustainable
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