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Abstract. This research categorizes the different breathable wall systems designed by students and describes their potential. Also included
is a discussion of the results of both the physical analyses and digital
simulations of these students’ designs. To optimize the environmental
performance of each proposed system, this work also engages in a more
specific discussion of the advantages and limitations of these designs.
Finally, this research concludes with a summary of the evidence of the
benefits and risks of employing simulation tools in architecture studios.
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1. Breathing in the Heart of the Desert
To better understand the combined effects of wind direction, pressure, and speed
on a building in the heart of the United Arab Emirates, in the spring semester of
2016, first and fourth-year architecture students at Texas A&M University were
asked to think holistically about an entire building envelope system for a small
information tourist center. By becoming involved in the development of an integrated building system called a “breathable wall,” students were asked generally
to utilize environmental resources within their ecological limits, and specifically
to explore the behaviors of wind on and around their designs (figure 1). In the
proposed information centers, designing with a full understanding of breathability
was vital; it affected the overall indoor air quality of the structure, as well as the
thermal performance of the building.
The breathable wall system and information center project was based upon the
concepts of sustainable living, respect for nature, energy savings, and resources
streamlining, as a means of enhancing humans’ relationship with a surrounding
environment vulnerable to high temperatures, water scarcity, and strong winds
carrying sand.
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Far from the theoretical speculation often discussed in courses related to the
environment, this project informed architecture students of possible ways of designing breathable wall systems for use in the hot desert climate of Dubai in the
U.A.E. In a desert environment, once a mixture of air and sand touches the outer
face of a porous wall, breathability becomes not only about the ability of that wall
to allow the indirect passage of clean air through, but also its capability to prevent
the transmission of sand.

Figure 1. Wind simulations of the breathable wall system and tourist information center.
(Simulation by Ashlyn Wilt & Esteban Armenta).

Students first considered various types and mechanisms of breathability and
their consequences by reviewing traditional ventilation systems in hot, arid areas
such as the Persian Gulf and North Africa. As a cross-disciplinary design activity,
the Breathable Wall Project provided an opportunity to experiment with various
designs for different porous and permeable building skins that purify air as building “lungs” when sandstorms occur. The goal was to design a self-shaded, selfventilated, and self-cooled building envelope by integrating a natural ventilation
concept into the building’s body, in order to achieve a simpler, more robust, and
less energy-consumptive system in a very hot and arid area.
Wind exerts positive or negative pressure on the exterior walls of a building. In
this project, students attempted to consider the effects of both global and local wind
pressures on their designs. At the same time, their designs’ dynamic responses to
wind loading were not neglected. Therefore, some of the proposed projects were
not passively static in their interaction with wind as a dynamic phenomenon. For
instance, in one proposed breathable wall, wind-induced force primarily produced
a dynamic mechanical response in the breathable wall’s components by changing
the local wind direction and its distribution patterns. Another proposed strategy
benefited from wind pressure along a windward wall surface to activate clusters of
truncated pyramids when subjected to very strong winds. In this case, more like
organisms, the small apertures of the proposed breathable wall were not expected
to remain open or closed at all times (figure 2).
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Figure 2. This aperture design dynamically responds to the wind pressure: it closes itself
when the wind pressure is high (Drawings by Ashlyn Wilt & Esteban Armenta).

Functioning as either a static or non-static ventilation system, the breathable
wall system had to satisfy the following criteria:
•
•
•
•
•

Get fresh air into the building and exhaust air out;
Block sand from penetrating into the building;
Redirect the air upon entering;
Cool down the air as it travels through the shaded zones; and
Prevent light from directly entering the space.

In this project, although breathability refers to air currents and not moisture, to
raise occupants’ comfort level, running water along designated paths was proposed
as a means of adding humidity and cooling the air as it passed over the modules
(figure 3).

Figure 3. For raising the confront level, a student added water running into the wall cavity to
cool down the hot air (Designed by Garrett Callen).

Since the trapped sand can clog openings in the wall, lowering its breathability,
one emphasis of this project was sand collection. It was important for students to
think about how to prevent sand from getting trapped inside wall cavities. To
dispose of the collected sand, students developed a variety of approaches such as
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escape holes and gutters. In some cases, disadvantages of the breathable walls
were connected to dust, insects, or water infiltration.
2. Hybrid Physical and Digital Simulations
Understanding the environmental behaviors of a building subjected to high sandstorms is critical to developing less dependence on complex mechanical ventilation systems. Both groups of students in two studios were iteratively introduced to
the tools and methods of designing, fabricating, and testing their permeable prototypes, in ways that provided conditions of comfort by altering wind flow patterns
and speed.
Since the breathability of a wall is interrelated with the pressure inside and
outside of that wall, students used both physical and digital simulations to study
the pressure difference between the front and rear sides of their breathable walls.
By incorporating a small-scale wind box test and Computational Fluid Dynamics
(CFD) simulation software into the design process (figure 4), students were able
to utilize these powerful tools to explore their concepts in the early design stage,
rather than to simply represent and validate their final designs (Kirkegaard et al.
2008). Receiving feedback from wind experts (including academics and practitioners) helped students to comprehend the consequences of various scenarios relating
to the constituent elements of their breathable prototypes.

Figure 4. By using the wind box, students examined how the wind actually traveled through
their designs (Christian Roose’s 3D printed prototype was located in front of the wind box).

For students, the payoff of using both physical and digital simulations was significant. By considering some basic laws and principles of physics to understand
the motion of sand, both methods of simulation helped students to develop genuine
solutions based upon more than simple guesswork and speculation.
3. Empirical Analysis
The Breathable Wall Project also helped students to run different experiments focused on the analysis of small sections of a larger model or observations of large-
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scale wind behavior in spaces near buildings. A broad range of these breathable
wall designs were assessed by many factors that, in part, examined how the form
and related dimensions of a breathable wall could empower it to meet its function.
In this project, to evaluate the performance of potential design options, the simultaneous use of simulation software and physical wind testing expanded the virtual
design environment back into the physical realm. For example, further physical
experiments (such as erosion tests) were conducted to confirm the results of the
simulations when wind flow was modeled by using particles on a dark-colored
background. To this end, the project provided the opportunity to examine the
limitations of physical wind box tests and these simulation tools when used by
freshman and senior architecture students. To satisfy conditions related to occupant comfort, students evaluated the wind mitigation capacity of their designs after
comparing the physical and digital simulations to one another.
As mentioned, the wind box was used in physical experiments to evaluate the
sand blowing onto the breathable walls. The wind box was a stiff, rectangular
box open at one end. As a wind source, a hair drier with different speeds was
used to move the individual sand grains and blow them towards the box. Different
breathable walls were placed at that end of the box, facing outward, through which
a mixture of high-speed air and sand was passed. Sand dunes in a variety of shapes
and sizes were formed by different wind velocities passing through the breathable
wall. Measurements of the sand transported by wind inside the box were used to
evaluate the performances of different designs. Some of the breathable prototypes
were rigorously tested as a means of recognizing less successful breathable walls
with higher sand transportation rates. After comparing students’ design potential
to their experimental observations, it was found that their expectations did not
overestimate the performance of their prototypes in reality. Although they were
also supposed to conduct a smoke test to confirm the permeability of their designs,
this test was canceled due to limited time.
4. CFD Simulation Early in the Design Cycle
Computational Fluid Dynamics (CFD) programs have not typically been handled
by architecture students. Only a short time ago, these programs were left largely to
specialists with extensive backgrounds in simulation. The lack of immediate opportunities to acquire knowledge about how airflow actually circulates presented
a major barrier, keeping students from understanding how their designs would perform in wind.
The Breathable Wall Project examined both Autodesk Simulation CFD and Autodesk Flow Design, two free pieces of wind analysis software. Simulation CFD
is more accurate, but Flow Design is more user-friendly during the early design
stage. Therefore, students mainly used Flow Design to examine the wind’s effects
on their breathable walls and the flow conditions around their information center
buildings. Unlike common high-end simulation software that struggles with the
speed and simplicity of setting up boundary layer conditions, solver types, or meshing resolution prior to creating simulations, Flow Design is an easy-to-use CFD
software with little or no preparation required (Schmitz 2014). As a virtual wind
tunnel software package, Flow Design is an excellent tool for instantly visualizing
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how the wind interacts with a building and its components at the conceptual design
level.
5. Flow Simulation Software in a Design Studio
Before students’ designs were fully completed in Rhinoceros, flow simulation enabled them to avoid mistakes that would otherwise go undetected until the later
stages of design development. Flow Design were chosen as a preliminary simulation tool for the studios. By helping them easily detect where and why mistakes
were made and assisting them in dispelling those errors, Flow Design allowed
for an in-depth exploration of ideas and fostered more critical and future-forward
thinking.
By allowing them to play with different model configurations, Flow Design
helped students examine diverse design strategies for transporting air through their
designs while simultaneously excluding sand. One student remarked that “the purpose of this project was to design how wind would go through our modules so
we were able to simulate it through Autodesk Flow Design. The program was
very helpful for showing how the wind actually does travel through your design.
It showed how wind does go in and comes back out slower and colder” (Madera
2016).
Students designed different breathable wall systems by using Flow Design. Below, several of these systems are described:
5.1. SYSTEM I

By far, the most significant transportation of air is attributable to either pressure or
temperature differences between two locations. To benefit from different pressure
conditions, most students designed inlet and outlet openings in their walls. Offsetting the locations of inlets and outlets allowed warm air to be redirected into
a connected shaft; upon exiting, the air was cooler. The correct shaft angle controlled the air flow away from the interior and towards the ground. By using Flow
Design, students studied how the sizes of inlets and outlets and the angle of shaft
between them affected air speed (figure 5). For example, students noticed that air
velocity decreased when the outlets were smaller than the inlets. One student explained the role of the simulation software in the development of her breathable
wall modules, especially with regards to how she drew air from larger openings
and funneled it through various shafts. “Using Autodesk Flow Design, I was able
to see how air behaves as it passes through the module. Based on these results,
I concluded that a more drastic angle is necessary to create the wind flow and
direction I was hoping to achieve” (Ritter 2016).
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Figure 5. Students studied how the sizes of inlets and outlets and the angle of shaft between
them affected air speed (Drawing by Sydney Ritter).

5.2. SYSTEM II

In order to create a funnel-like effect, some students used two segregated panels
with intake and outtake apertures. Adding space between the panels slowed down
the air speed. In addition, the gap forced sand particles to drop to the bottom, where
they could then be collected (figure 6). Flow Design helped students studied how
sand and air traveled throughout the space between the panels. Based on their
outcome, one student remarked: “What I have learned from the analysis is that my
design worked only slightly as well as I had hoped. While the wind did enter the
holes and slow down, it had a tendency to go around the unit instead of through
it. This means that in a full-wall system it would go around the building like we
normally see, instead of being filtered through the space” (Higgins 2016).

Figure 6. Adding space between the panels slows down the air speed (Drawing and simulation
by Kristin Higgins).
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5.3. SYSTEM III

In order to control the amount of air flow, other students designed small barriers
placed at the back of their modules. Besides affecting the air flow patterns, the
placement of these barriers helped lessen the amount of sand entering the inside.
One student stated: “The first barrier I had created for the sand was not effective
enough. Therefore, I redesigned the piece to have a back plate that acts as a second
barrier for the sand (figure 7). This reduces the amount of sand that penetrates the
structure. The piece was then tested using Flow Design. It assessed how wind flow
would behave with the design I created. Overall, the wind velocity slows down
and escapes only through the gaps I have created. The second barrier connected to
the core of the piece allows for wind to slip through, but not the majority of sand”
(Mengers 2016).

Figure 7. Digital wind simulation helped students to improve their concepts in the early design
stage (Simulation and drawing by Chloe Mengers).

After importing the geometry, students were able to change its orientation.
Since the size of the wind tunnel was adjustable, they could interactively change
the air speed in the simulation model to quickly visualize the flow results and predict the behavior of their design. Although Flow Design offered students a chance
to easily simulate airflow conditions in their “in-process” designs through the software’s pre-selected methods, it was not able to analyze any other fluid flows (Tara
2014). In addition, this simple and fast program was not not as accurate as other
CFD software (such as ANSYS Fluent), but easier and faster for learning in early
design stage.
6. Conclusion
In transferring students’ basic knowledge of the environment and fluid dynamics
from conceptual studies to practical applications, the goal of this project was to
explore the opportunities and risks associated with physical and digital simulations
to study the movement of sand grains along the surface of a building, when that
surface was subjected to dynamic forces such as strong winds and gravity in the
desert.
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In environmental design education, the use of CFD software presents much of
interest (Bouchahm et al. 2012). Since new generations of simulation software
are easier to operate and interactively provide rapid feedback for understanding
the effects of wind and other environmental forces, simulation tools will continue
to be more available to architects in the coming years. As a platform for discussion
and consideration of the best methods of utilizing CFD as support during the early
design stages of future architects‘ workflow (Kaijima et al. 2013), the Breathable
Wall Project underscores the great potential for the application of CFD software to
improve future architects’ understanding of wind phenomena. Flow Design was
shown to be a proper CFD toolkit for architecture students, helping them to easily
model airflow around their designs by leveraging real-time feedback.
Existing in the intersections and spaces of overlap across physical and digital
simulations, the Breathable Wall Project aimed to take advantage of the arising
opportunities of intertwining physical digital simulations to create an enhanced
understanding of their critical dependencies.
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