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ABSTRACT  

A design framework for integrating windcatcher functions within the contemporary 
hot-arid urban Iranian context of Tehran responds to two major changes impacting 
their current utilization:  1) urban densification resulting in modified access to adequate 
airflows, and 2) sociocultural shifts towards dependencies on modern mechanical air-
conditioning systems. Windcatchers are ubiquitous and integral to buildings 
throughout the hot-arid regions in the Middle East, and traditionally provide human 
comfort cooling functions through combinations of thermal mass, stack effect, and 
evaporation techniques. In historic context, the windcatcher is effective for passively 
moderating indoor temperatures by means of these natural ventilation cooling 
strategies. However, this passive technology is rarely used in recent decades due to 
emerging disadvantages such as maintenance difficulties, lack of urban air filtration 
methods, decline of cooling efficiency due to modified airflow patterns, habitable space 
utilization modifications, and the resulting dependencies on mechanical cooling 
systems.  

Modular lightweight tensile structures are identified as a potential method for 
integrating windcatcher functions to reduce energy use and engage regional textile 
industry. The beneficial aspects of this design strategy emphasize adaptability through 
inhabitant control for localized modulation to airflow through potential integration in 
existing multi-story apartment buildings. In addition, the framework suggests 
advancements for environmental performance of lightweight textiles, such as 
particulate matter filtration, kinetic energy transformation, and photo-response for 
passive shading or natural daylighting strategies.  

The specific objective presented in this study is to define the parameters required 
for improving natural ventilation cooling and inhabitant adaptability. Existing 
windcatcher dimensions, microclimate conditions, and urban morphology are 
identified to inform the Sangelaj neighborhood in Tehran to develop the heat transfer 
and airflow analysis theory alongside human interface metrics that will inform 
lightweight tensile structure designs. The comprehensive research project situates 
intersecting transformations between evolving urban fabric and sociocultural agency 
with environmental performance and local material industry. 

Keywords: windcatcher; adaptable design; climate responsive architecture. 
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1. INTRODUCTION 
Windcatchers are utilized for natural ventilation of living spaces in buildings to 

provide passive cooling and achieve thermal comfort for many centuries and can be 
found in traditional Persian-influenced architecture throughout the Middle East in both 
hot-arid and hot-humid regions (Saadatian et al., 2012), (Elmualim, 2009), 
(Pearlmutter et al., 2008), (Hughes et al., 2012). Windcatchers play an effective role 
in moderating residential space temperatures for humans by means of natural 
ventilation (Mahmoudi, 2010), (Bahadori Nezhad and Dehghani, 2008). The 
windcatcher provides natural ventilation by taking advantage of stack effect, air 
buoyancy, thermal mass, cross ventilation, and evaporation techniques (Elmualim, 
2009). While windcatchers are a passive cooling strategy that could widely benefit 
humans, they are rarely utilized in recent decades because of emerging drawbacks 
such as: 

• High installation and maintenance costs (Hughes et al., 2012); 
• Minimal ability to control of the volumetric flow rate to maintain a comfortable 

indoor climate (Hughes et al., 2012); 
• Draughts through the tower may cause discomfort to occupants during the 

winter (Hughes et al., 2012); 
• Small birds, insects and dust may enter the building (Hughes et al., 2012), 

(Dehghani et al., 2015); 
• Lower wind speeds and higher temperatures due to the effects of the urban 

heat islands and increasing desertification due to climate change (Hughes et 
al., 2012);  

• Enhanced noise and pollution in dense urban environments prohibits natural 
ventilation strategies (Hughes et al., 2012); and 

• Increasing urban density resulting from population growth and immigration is 
limiting apartment building massing and floor plan layouts with access to 
adequate airflow (Hughes et al., 2012). 

Increasing dependency on mechanical cooling systems is a result of modernization 
and these emerging disadvantages of windcatchers. However, the energy 
consumption for mechanical cooling systems in these climate zones is exceedingly 
high1 (Saadatian et al., 2012). Dependency on high-grade electricity for low-grade 
thermal comfort control is not sustainable for long-term environmental management. 
If some of the drawbacks of windcatchers can be addressed through contemporary 
integrative design techniques, then socially accepted practices for passive comfort 
cooling strategies in Iranian dwellings could be achieved. 

Through a comparative analysis of existing vernacular windcatchers throughout 
Iran with the increasingly dense building typologies of contemporary Tehran, 
techniques for re-integration of original socio-cultural and comfort cooling functions of 
windcatchers are identified (Fig. 1). We propose the integration of lightweight tensile 
structures with thermal mass components in the designs of new and existing multi-
                                                             
1 Average BTU needed per square meter for residential buildings in hot and arid climate in Iran is 600-

800. 
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family apartment buildings to replace or assist mechanical ventilation systems in 
contemporary hot-arid, high-density urban contexts like Tehran. 

 

Fig. 1. Framework diagram: existing urban context and vernacular windcatchers of Yazd (upper left) 
compared with dense modern urban context of Tehran (bottom left) informing new strategies for 

integration of windcatcher concepts through tensile fabric techniques. 

2. BACKGROUND CONTEXT 
2.1. Windcatcher characteristics 

Windcatchers work on the principles of natural ventilation, employing both wind 
driven and stack effect ventilation (Moghaddam et al., 2011). The wind-induced forces 
will always be the main factor influencing natural ventilation (Hughes et al., 2012). In 
so doing, windcatchers need a driving force to operate where the first force is stack 
effect of air buoyancy, which occurs due to a difference in indoor-to-outdoor air density 
resulting from temperature differences. The stack effect is dominant through regions 
and periods with low wind speed or without prevailing wind (Koch et al., 2004) (Fig. 2). 
The second force is external wind. Windcatchers are generally dependent on wind to 
operate; therefore, air velocity and volume of induced air circulation are important 
factors. Research experiments indicate that windcatcher efficiency is altered by 
changes in outdoor air velocities, temperature differentials, wind angle orientation and 
number of openings (Saadatian et al., 2012), (Montazeri, 2011). Cross-section shapes 
of windcatchers (square, rectangle, hexagon, octagon, and circle) affect induced 
airflow rates and consequently their efficiency. A square shape windcatcher has the 
highest rate of induced airflow (Saadatian et al., 2012), (Pearlmutter et al., 2008), 
(Hughes et al., 2012) (Bahadori et al., 2014) (Fig. 3). 
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Fig.2. Typical vernacular windcatcher: natural 
ventilation caused by stack effect. 

Fig.3. Effect of cross-section shape of 
windcatchers.2 

 
1.2. Tensile structure characteristics 

Tensile structures are light in weight because their structural stability results 
frompre-stressed shape rather than the mass of the materials usedForster and Chilton, 
2004) (Berger, 2005). Thus, despite being lighter than conventional building 
structures, they still offer high stability. The lightweight quality of tensile structures 
provides unique characteristics such as mobility, adaptability and convertibility. 
Convertible structures are the most adaptive systems and tensile structures as 
adaptive systems, act flexible in spatial arrangements and regarding the climatic 
variations (Forster and Chilton, 2004), (Schock, 1997).   

The resistance of membranes to soiling is considered an outstanding criteria for 
their appearance and maintenance cost. Nanotechnology can provide high durability 
and self-cleaning chemistry for fabrics (Forster and Chilton, 2004), (Koch et al., 2004). 
One of the most important qualities of tensile structures is optional translucency to 
provide adequate daylight for inahbitants and reduce dependencies on electric lights. 
Also, when applied to the building roof, tensile fabric membranes provide radiant 
cooling effects (Forster and Chilton, 2004), (Scheuermann and Boxer, 1994) (Fig. 4a). 

 
 

Fig.4. Lightweight tensile structures integrated with exterior building walls for convective functions: 
a) heat removal, b) preheating of fresh air, c) reheating circulated air, and d) venting and flushing of 

exhaust air (Berger, 2005). 

                                                             
2  Volumetric flow rates from Tables (Montazeri, 2011), (Saadatian et al., 2012) depict relationship of 

number of windcatcher openings and wind degree angle. 
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The effective shading capability of tensile structures due the membrane coating 
materials can reflect a high portion of solar radiation. Also, this shading capability 
provides a cooling effect, which then can be promoted by using natural ventilation, 
thermal mass and driven airflows inside or underneath the tensile structure. The 
variations in solar radiation during daytime and also radiation heat losses to the clear 
sky at night make the surface temperature of the membrane swing rapidly. The 
exposure of membrane skin to unequal solar radiation and sky temperature provides 
a vertical temperature satisfaction. The membrane surface temperature can swing 
rapidly because of variations in solar radiation during daytime as well as radiation heat 
losses to the clear sky at night. Vertical temperature stratification is derived from 
exposing the membrane to unequal solar radiation and sky temperature. (Forster and 
Chilton, 2004) (Figs. 4a, 4b). 

3. METHODS 
The adaptive integration of thermal mass windcatcher functions through lightweight 

tensile structures in the contemporary hot-arid urban context of Tehran requires 
identification of specific parameters addressing natural ventilation cooling and 
inhabitant adaptability. The existing urban morphology and correlated airflow patterns 
(velocities and directions based on microclimate conditions) of the Sangelaj 
neighborhood in Tehran are documented in order to identify information on air speed 
potentials for windcatcher effectiveness. Existing building typologies are identified as 
multi-story apartments with double-loaded corridor configurations. Because of 
limitations of open space surrounding existing buildings in this context, integration of 
traditional thermal mass windcatcher forms as additions to these buildings is not 
possible.  Therefore, concepts for achieving windcatcher thermodynamics through 
lightweight structures is addressed a mode of transforming the mechanical cooling 
functions towards passive mechanisms. 

Multiple tools are used in the design development and performance analysis 
process. First, initial climate analysis is conducted with Ladybug plug-in for 
Grasshopper-Rhino. Second, Computational Fluid Dynamic (CFD) visualizations for 
wind velocity, pressure, and vectors are conducted through the OpenFoam platform 
for the existing urban context to determine realistic airflow patterns influencing 
potential windcatcher ventilation cooling techniques.3 Third, the design analysis tool 
for tensile structure morphology is implemented to develop viable fabric forms in 
response to documented wind pressures.4   

Physical models of the proposed tensile windcatcher forms are being developed 
for empirical analysis in a wind tunnel laboratory. These results will aid in corroboration 
of digital simulation techniques. Implementation of wind tunnel experiments by 
experimenting different types of physical models from vernacular thermal mass 
models to modern tensile structures and gathering information about the adaptation of 
these two to find the best possible adapted model of traditional windcatchers and 
tensile structures. Steps can be first, making a model of vernacular windcatcher using 
a material that behaves like thermal mass in order to measure the wind velocity and 
                                                             
3 The beta-version Butterfly plug-in for Grasshopper-Rhino is being implemented in this study. 
4 The Membrane plug-in for Grasshopper-Rhino is implemented in this study. 
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volume for inlet and outlet. Second, making a simple tensile model in order to test the 
behavior of tensile structures in the wind tunnel and to measure the identified 
parameters for inlet and outlet. Finally, making a simple adapted model of tensile 
structure integrated with thermal mass in order to compare measures of the wind 
velocity and volume of the new model with both the basic traditional thermal mass 
model and the basic tensile structure model. Development of the adaptive physical 
model will be based on some effective characteristics like height, form and location to 
find the efficient Integration. 

4. ADAPTATION 
The proposed adaptation is based on a typical existing apartment building in 

Sangelaj neighborhood in Tehran (Fig. 5a). A cool tower is introduced as a source of 
fresh air within the central core of the building. Hydro-equipped units are located at the 
top of the cool tower to provide cool air from evaporation water in a closed loop and 
gravity flow (Chalfoun, 1991). Hence, fresh cool air sinks through the tower and then 
enters the openings of each floor in order to provide required natural ventilation into 
the dwelling units. The exterior windows are replaced with Phase Change Material 
(PCM) glazing systems to provide thermal mass. PCMs are ideal products for thermal 
management solutions and they can be translucent (Simen and Jelle, 2015). Hence, 
by applying translucent fabric for tensile structures and translucent PCM windows for 
thermal mass within the windcatchers, diffuse natural daylight for each floor in multi-
story buildings can be provided. This adaptation works seasonally: 

 

Fig. 5. Integration of lightweight tensile structures to existing multi-story apartment buildings for 
windcatcher functions: a) Section of an existing building in Sangelaj neighborhood in Tehran, b) 

Function of thermal mass integrated tensile structures by using cool tower and adapting with section 
of existing apartment in Tehran in summer, and c) Function of thermal mass integrated tensile 

structures by using cool tower and adapting with section of existing apartment in Tehran in winter. 

Summer-Day: During day, sun heats up the thin fabric layer of tensile structures. 
Airflow absorbs heat from the fabric and rises through stack effect while aiding exhaust 
of warm air from inside the building (Fig. 6a). This circulating air movement inside of 
the building cycles a replacement of the exhaust air with fresh air from the cool tower 
(Fig. 6a). Also, the thermal mass absorbs the heat from the sunlight, which could be 
useful in the night as it re-radiates to warm the interior spaces (Figs. 5b, 6a). 

Summer-Night: During night, thermal mass releases back the stored heat to outside 
because of temperature differences between outside and inside of the building. Cool 
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air from outside comes into the fabric area and absorb the heat releasing from thermal 
mass and becomes warm and rises. The warm air, through its way to go out, sucked 
the warm air, which is coming out from inside of the building. (Fig. 6b) By this way, not 
only warm air of inside the building comes out, but also fresh cool air from cool tower 
is sucked into the indoor of the building in order to replace the warm sucked air (Figs. 
5b, 6b). 

  
Fig. 6. a) Cool tower concept for the summer day. b) Cool tower concept for the summer night5 6 

 

Winter day: Cold air coming from the bottom opening becomes warm as a result of 
contacting the heated fabric by sunlight and rise. Airflow after absorbing heat from 
fabric goes up because of the stack effect and sends the warm air inside the building 
from the opening on top.(Fig. 7a) The warm air will flow inside and heat the air inside 
the building. Also, the thermal mass absorbs heat from the sunlight, which is beneficial 
for heating up the building at night. (Figs. 7a, 5c) 

Winter Night: During the night, all external vent openings will remain closed. The 
thermal mass will release the absorbed heat back to the interior. The airflow coming 
from inside the building absorbs heat from the thermal mass and becomes warm. (Fig. 
7b) Since warm air rises, the warm air goes up and enter the building again and 
finishes the loop. (Figs. 7b, 5c) 

  
Fig. 7. a) Cool tower concept for the winter day. b) Cool tower concept for the winter night 

 

                                                             
5 As sections shows, in some sections, usually the part where two modules are connected to each other, when air 
from outside is needed to speed up air circulation, the fabric can be porous. 
6 The average low and high temperatures for summer and winter come from TMY data and the assumption for 

summer is on 8-degree effective temperature drop. 

Summer Average 
High: 35°C 

Summer Average 
Low: 23°C 

Winter Average 
High: 9°C 

Winter Average 
Low: 1°C 
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Fig. 8. The proposed concept in the existing urban context of Tehran 

 

5. CONCLUSION and FUTURE WORK 
This research establishes the framework for adaptation of traditional thermal mass 

windcatcher concepts into contemporary dense urban contexts to maximize their 
passive cooling advantages and take measures towards solving its disadvantages. In 
so doing, the tensile structure as a new technology has preferences helping to add 
some constructive characteristics with the intention of being more efficient. 
Additionally, due to the growth of high-dense cities during recent centuries, the 
research considers integrating windcatcher with lightweight tensile structure through 
the multi-story building. 

As a result, because of stack effect which is common between windcatcher and 
tensile structure for natural ventilation, we can propose a framework for adaptation of 
these two in multi-story buildings which can provide shading and natural daylight for 
dwellings by using new technologies and materials, besides natural ventilation.  
Simulation techniques and wind tunnel experiments are two ways to progress the 
proposed integrated windcatcher based on airflow movements. 

The next step in this research would be to find a relation between height, inlet, and 
outlet of vernacular windcatchers to be optimum, to work on form and aerodynamic of 
windcatchers based on airflow patterns, and to apply windcatcher functions to multi-
story, multi-family buildings. Furthermore, investigating the air pressure and airflow 
temperature on each story of the building in day and night seasonally will be significant; 
this will help in the validation of the proposed model. 
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