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main summer

In the summer wind force is less powerful, but more 
desirable than in the winter.
The integrated module of ventilation and air �ltration 
I have designed in MSc3 functions on the wind force 
directed on the facade and on the temperature 
di�erence between inside and outside. To increase 
ventilation and create the most preferred conditions 
for residents, visitors and commuters, the wind force 
should be enhanced by the building shape.

In the winter wind force is most powerful and has two 
main directions (S, SSW and WSW, W, WNW). 
To decrease the wind force in and around the building 
the building shape could be optimized on the wind 
force. These two wind directions determining the 
building shape will need to reduce the amount of 
wind around the building. The new Trump Tower on 
the Chicago River could serve as an example in 
reducing wind speed around the building.

Curved edges allow the approaching wind to wrap around 
the building’s corners more easily than around a building 
without an aerodynamic design.

Setbacks further disrupt the wind’s constant push on the 
building’s shaft and limit formation of vortices.

Overhang creates a low turbulence zone on the base of 
the building while the wind traveling up along the facade 
is diverted.

Ventilation can be increased in summer conditions by let-
ting air in and �ow freely through the building.

Chicago: the Windy City

Building shape de�ned by wind force and wind direction.

Adaptive core de�ned by the functional program and the interactive models.
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BOTTOM-UP ARCHITECTURE
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The curvature of the facade will be in�uenced on the 
wind direction and wind speed, the amount of sun 
and daylight entering the site on each level, and 
snow.

The curvature of the facade will be in�uenced on 
the wind direction and wind speed, the amount of 
sun and daylight entering the site on each level, 
and snow.

Placement of functions will be based on 
a script that will allow for parameters 
(like usage over time, amount of inner 
facade openness, need for centrality, 
desired �oor range, and so on) to de�ne 
the inner, adaptive space.

Placement of functions will be based on 
a script that will allow for parameters 
(like usage over time, amount of inner 
facade openness, need for centrality, 
desired �oor range, and so on) to de�ne 
the inner, adaptive space.

In a bottom-up approach the individual base elements of the system are �rst speci�ed 
in great detail. These elements are then linked together to form larger subsystems, 
which then in turn are linked, sometimes in many levels, until a complete top-level 
system is formed. This strategy often resembles a "seed" model, whereby the begin-
nings are small, but eventually grow in complexity and completeness.

Mayor Daley of Chicago want the greenest 
city in the US and with 88 projects having 
the Leadership in Energy and Environmental 
Design certi�cation. Known as the Windy 
City, famous for its snowy conditions, and 
connecting the Great Lakes with the Missis-
sippi; the city has lots of possibilities to use 
these in their advantage.

Mayor Daley of Chicago want the greenest 
city in the US and with 88 projects having 
the Leadership in Energy and Environmental 
Design certi�cation. Known as the Windy 
City, famous for its snowy conditions, and 
connecting the Great Lakes with the Missis-
sippi; the city has lots of possibilities to use 
these in their advantage.

LEED certi�cation

environmental advantages

global awareness

The adaptive core becomes the space for social 
interaction, maninfested by the interconnectivity 
of functions and the distribution of people.
Important for this distribution is the linking up 
with main car, pedestrian and public transporta-
tion routes.
Here the neighborhood gets drawn into the 
building and the positive outcome of integration 
has its in�uence on the community.

The adaptive core becomes the space for 
social interaction, manifested by the 
interconnectivity of functions and the 
distribution of people. Vital is the linking 
up with main car, pedestrian and public 
transportation routes. Here the neighbor-
hood gets drawn into the building and the 
positive outcome of integration has its 
in�uence on the community.
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A trip through this building will include an ever 
evolving path of social interactions, changing 
also over time. The building will adapt to these 
situations by means of adaptive space. The 
positive in�uence is the stimulation of social 
interaction and user interaction with the build-
ing.

A trip through this building will include an ever 
evolving path of social interactions, changing 
also over time. The building will adapt to these 
situations by means of adaptive space. The 
positive in�uence is the stimulation of social 
interaction and user interaction with the build-
ing.

Daily visitors can interact with the building and its 
surroundings by choice of functional program, 
residents have an extra set of interactions in the 
apartments.
The transportation hub attracts lower class 
persons, who can use the functional program that 
is integrated in the building while remaining to 
obtain a level of segregation.

Daily visitors can interact with the building and its 
surroundings by choice of functional program, 
residents have an extra set of interactions in the 
apartments.
The transportation hub attracts lower class 
persons, who can use the functional program that 
is integrated in the building while remaining to 
obtain a level of segregation.
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wind diagram

main summer

In the summer wind force is less powerful, but more 
desirable than in the winter.
The integrated module of ventilation and air �ltration 
I have designed in MSc3 functions on the wind force 
directed on the facade and on the temperature 
di�erence between inside and outside. To increase 
ventilation and create the most preferred conditions 
for residents, visitors and commuters, the wind force 
should be enhanced by the building shape.

In the winter wind force is most powerful and has two 
main directions (S, SSW and WSW, W, WNW). 
To decrease the wind force in and around the building 
the building shape could be optimized on the wind 
force. These two wind directions determining the 
building shape will need to reduce the amount of 
wind around the building. The new Trump Tower on 
the Chicago River could serve as an example in 
reducing wind speed around the building.

Curved edges allow the approaching wind to wrap around 
the building’s corners more easily than around a building 
without an aerodynamic design.

Setbacks further disrupt the wind’s constant push on the 
building’s shaft and limit formation of vortices.

Overhang creates a low turbulence zone on the base of 
the building while the wind traveling up along the facade 
is diverted.

Ventilation can be increased in summer conditions by let-
ting air in and �ow freely through the building.

Chicago: the Windy City

Building shape de�ned by wind force and wind direction.

Adaptive core de�ned by the functional program and the interactive models.
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A set of rules is created for each individual that allows for 
vector based units to have secluded areas to integrate a form 
of segregation and privacy in each module.
The 3D organization will be conform their respective, desired 
�oor range (based on the level of openness, centrality, and 
privacy), placement on the facade (orientation to the sun, 
etc), and the segregation of functions.

The amount of facade openness of the separate volumes will 
be presented by the amount of transparency.

The placement along a certain facade and the segregation of 
certain functions will be represented by color coding.

The same goes for the transgression of daylight and sunlight 
entering each space.

Te
1.

2.

3.

Ti

Δp
ΔT

Rectangular corners give a controlled speci�ed 
look into where turbulences occur at di�erent 
wind speeds.

Curved buildings have less control on the location 
of the turbulence zones. Where the wind “lets go” 
of the building is de�ned by the wind speed, the 
roughness of the building, and the air density.

Roeland de Kat (2008)
Instantaneous planar pressure �eld determination around a 
square-section cylinder based on time-resolved stereo-PIV

Williamson (2009)
Fluid forcing,wakemodes,andtransitionsforacylinder 
undergoing controlledoscillations

Wang (2009)  
Finite-Length Square Cylinder Near Wake
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MSc3: Pressure Based Facade Component
MSc4: Pressure Based Building Dvesign

Facade Component
In my MSc3 I have designed an adaptive facade component that uses pressure difference, 
created by the wind forces upon the building and the temperature difference between 
inside and outside, to filter carbon dioxide and nitrogen oxides from the desired oxy-
gen and to change the temperature to a desired level. This research has been extended 
to the entire building, which is optimized in shape to deal with changing wind direc-
tions throughout the year to create a minimum amount of turbulence zones around the 

building and to set up a system for natural ventilation on the building scale.

Reducing Turbulence Zones
A minimum of turbulence around the building is desired to enhance walking opportu-
nities in a city that is known as the Windy City. This is achieved by adding curvature to 
the entire body of the building and placing sharp edges on strategic points to maximize 
the influence on each wind direction. Entrance zones and walking routes around the 

building turn into more pedestrian friendly environments.

Maximizing Pressure Difference
The shape of the tower is modeled to maximize the pressure differences upon the facade 
to use the facade components to their full capabilities. The obtained shape minimizes 
the air streams downwards when hitting straight upon the facade, which increases the 
amount of turbulence on ground floor. (Something that is seen here in Delft at the EWI 
building, which constantly creates turbulence zones at walking routes.) The air entering 
through the facade components is distributed around the building before entering the 
individual functions. The outlet of air is in the middle of the building where the heated 
air rises up to the grand openings in the building. These two openings decrease even 
more the amount of air traveling to the ground floor and accelerate the air passing 
through them. The acceleration of air implies a decreasing in pressure and through this 

suction the heated air is drawn out of the atrium.

Wind Velocity to Pressure Difference
With the increasing wind speed being directed linked to the decreasing in pressure, it is 
seen that there is only a limit to the amount of overpressure on the building to 1 when 
wind speeds decrease to 0, while this doesn’t go for the amount of suction, as the wind 

speed could increase to infinity.

Social Interaction
Another theme determining the architecture of the building is the social interaction 
that is obtained by the placement of functions throughout the building. The social                   
interaction is achieved by the different groups using various functions in the building, 
which also functions as a transportation hub to the city. The users are varying from     

residents to commuters and from employees to visitors.

Intertwining Levels
The amount of social interaction has different gradations according to the functions 
placed on various heights with peaks on the first few levels and the shopping mall with 
food court from the 16th floor up. The interior architecture is focused on its place in 
the natural ventilation scheme and the different functions defined for the building.            
Functions are not merely linked by elevators, but mainly by the spiraling inner organiza-
tion that links different floors together and allows for social interaction. The placement 
of each individual function is determined by its interaction to other functions, its need 

for daylight and its need for speed. 

Bottom-Up Parametric Building Design

Flows of Movement 
Any site for an architectural project requires the knowledge of the flows of movement: 
how do pedestrians get from one place to another, what hierarchy do the roads present 
to the city, and what is the contribution of the public transportation to the city and in 

particular to the site. 

Social Diversity 
A city is not merely the collection of roads and means of transportation, a city is used 
and designed for its users. The social diversity is a given and can be used in positive man-
ner to stimulate the interaction of different social groups in any given place. While resi-
dents from the neighborhood start their journey, commuters use the same places as a              
transportation hub, visitors have a particular point of interest, and business man come to 
work. All these different groups require different functions and the intertwining of these 

makes up the interesting design of social integration and social collaboration. 

Energy Efficiency
In these modern times the emphasis in many architectural designs lies in the energy      
efficiency of the building, and how that sometimes even contributes to the nearby                  
environment. Energy eficiency can be thrived in many manners: using wind energy or 
solar energy to gain power, using wind to create a natural ventilation, catching rain to 
use elsewhere, using environmentally friendly materials, using energy reducing building 

components, etc.

Wind Pressure Performance
A building has a big influence on the wind flow and the turbulence zones around it.      
Modern business areas deal with a lot of negative influence of the wind upon the pe-
detrian area, which leads to these people to spend minimal time as possible in these 
public areas. A building design can use its form and curves to determine the placement 
of turbulence zones directly around the building to use this knowledge in a positive way. 
It becomes possible with several design tools to create a desired urban environment for 
pedestrians in winter time, when wind brings cold air to the streets, and in summer time, 

when the air can bring much needed ventilation. 

Motion Environment
Flows of Movement, Social Diversity and Natural Ventilation 

Integrated in a Wind Pressure Based Parametric Building Design
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