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Objective: The importance of utilizing technologies compatible with the natural
environment and renewable energy sources in line with the studied climate is increasingly
recognized. This research focuses on the study of wind behavior and the function of
windcatchers as a passive system for creating natural ventilation in hot and dry zones,
addressing the thermal comfort requirements of residents. Ventilators, once a significant
climatic architectural element in new constructions—particularly in rural areas—have lost
their prominence, as inhabitants of hot and dry regions have shifted to conventional
cooling systems such as water and gas coolers. One such area is Yazd province, where
traditional housing reflects its cultural identity. This article aims to investigate the impact
of one-way windcatchers on providing thermal comfort in rural housing through natural
ventilation in Yazd province.

Method: This article employs a qualitative research method in a descriptive-analytical
approach, beginning with field observations of common patterns in rural housing within
Bondorabad village. The study investigates the methods of utilizing wind for natural
ventilation in this region. The dependent variable is thermal comfort, while the
independent variable is wind speed. Subsequently, Computational Fluid Dynamics (CFD)
analysis software is used to explore the relationship between these variables, examining
different configurations of the windcatcher: the current height, an increased height of two
meters, and a decreased base height of two meters.

Results: The findings indicate that the performance of the windcatcher is optimal when
situated four meters above the roof, with wind entering perpendicularly to its opening.
However, simulations reveal that under certain conditions, wind flow speed can create
irregular currents in the space during summer. Furthermore, as the height of the
windcatcher decreases, wind speed diminishes in the summer area, leading to suboptimal
performance.

Conclusions: It is recommended that the performance of existing buildings be considered
in future constructions, particularly regarding the placement of openings and the internal
design of the windcatcher.

Cite this article: Hadadi, Milad, Habib, Farah & Labibzadeh, Razieh. (2024). Investigating the Function of One-Way
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EXTENDED ABSTRACT

Introduction

In today's world, it is crucial to utilize technologies that align with the natural environment
and incorporate renewable energy sources according to the specific climate. Research into
wind behavior and the functionality of windcatchers as passive systems in hot and dry regions
can contribute to achieving thermal comfort for residents.

This article explores the impact of wind turbines in local areas, particularly in rural
housing. Native architecture is defined here as architecture that conforms to local or regional
characteristics, employing traditional materials and resources for construction. Ventilators,
once a significant climatic architectural element in new constructions—especially in rural
areas—have lost their prominence. Inhabitants of hot and dry regions have increasingly turned
to conventional cooling systems, such as water and gas coolers, instead of utilizing
windcatchers. As a passive cooling system, wind catchers exemplify natural ventilation in
traditional Iranian architecture, effectively harnessing renewable wind energy for air
conditioning in cities and desert villages. Yazd province, a notable region in Iran's hot and dry
zone, showcases a unique application of local climatic elements within its traditional housing.
The aim of this article is to investigate the effect of one-way windcatchers on achieving
thermal comfort in rural housing through natural ventilation in Yazd province. Initially, a
qualitative research method is employed in a descriptive-analytical manner, followed by field
observations of common patterns in rural housing in Bondorabad village.

This study identifies and examines the methods of utilizing wind for natural ventilation in
this area. The dependent variable is thermal comfort, while the independent variable is wind
speed. Subsequently, Computational Fluid Dynamics (CFD) analysis software is used to
explore the relationship between these variables. The study evaluates the influence of
different windcatcher conditions: the current observed state, an increased height of the
windcatcher by two meters, and a reduced height of the windcatcher base by two meters.
Results indicate that the windcatcher performs optimally when positioned four meters above
the roof, with wind entering perpendicularly to its opening. Further investigation reveals that
at lower heights, the wind speed diminishes in the summer area, resulting in suboptimal
performance.

Finally, it is recommended that future constructions consider the placement of openings
and the design of the internal blade of the windcatcher to enhance the performance of existing
buildings.

Method
This research aims to investigate the function of the windcatcher, a climatic architectural
element, in the hot and dry rural housing of Yazd province. The study is both practical and
operational, focusing on the application of its findings to the construction of rural housing.
Methodologically, this research involves designing, assessing functionality, and gathering
feedback to achieve meaningful results. To determine the effectiveness of the windcatcher, a
comparative analysis was conducted among three scenarios: 1) the existing condition of the
windcatcher, 2) an increase in the height of the windcatcher, and 3) a decrease in its height. A
guantitative comparison of data was performed to evaluate the operational efficacy of the
windcatcher.

Throughout this process, all activities and relevant information were meticulously
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documented to support the research objectives. Initially, the study examined fundamental
concepts such as the definition of a climatic organ, natural ventilation, the windcatcher and its
various types, as well as the climatic characteristics of the target village, Bondorabad,
alongside its rural housing. Following this, quantitative analyses were conducted to explore
the climatic function of the windcatcher in relation to providing thermal comfort in the area.
The energy performance of the windcatcher was simulated using Ansys Fluent 2 software to
gather necessary data for subsequent analyses.

Additionally, Climate Consultant 3 software was employed to acquire foundational
information for input into the primary simulation software. The third phase of the research
involved analyzing the collected data, necessitating the simulation of the studied sample while
considering both independent and dependent variables. Wind speed was treated as the
independent variable, while thermal comfort served as the dependent variable, with data
obtained in the previous phase.

Using computational fluid dynamics analysis software, the relationship between the
physical characteristics of the windcatcher and the indicators for thermal comfort and natural
ventilation was assessed through wind speed measurements.

This analysis ultimately facilitated the investigation of design variables necessary for
optimization. The results from this phase were re-evaluated, and in the fourth step, the
conclusions drawn from the output data were discussed. By analyzing and comparing various
scenarios—1) the existing state, 2) an increase in the windcatcher height by two meters, and
3) a decrease in height by two meters—the study quantitatively assessed the windcatcher's
performance in providing thermal comfort in the region.

Results

In today's context, it is essential to consider energy consumption, particularly in the housing
sector, along with the waste generated in the energy distribution network across various
regions, especially rural areas. Emphasizing renewable energy usage plays a significant role
in reducing energy consumption. Among the thermal requirements for achieving comfort in
hot and dry climates, effective ventilation is crucial. Utilizing wind as a natural element, along
with passive systems such as windcatchers and other climatic features, proves to be an
effective solution for creating natural ventilation.

Field surveys conducted in the researched area indicate that one-way windcatchers are
prevalent in rural regions of Yazd province, particularly in the housing of Ashkazar city,
where they facilitate natural ventilation. This research examines three primary configurations
of windcatchers: 1) the existing configuration, with the windcatcher height approximately 4
meters from the roof edge; 2) a windcatcher with an increased height of about 6 meters from
the roof edge; and 3) a windcatcher with a reduced height of approximately 2 meters from the
roof edge. Analysis of wind behavior in the selected samples and configurations reveals that
the presence of a one-way windcatcher significantly enhances thermal comfort through
natural ventilation.

Conclusions
The investigated model of the one-way windcatcher, prevalent in the studied village,
demonstrates that several components contribute to achieving thermal comfort conditions.
The absence of any one of these components renders the process incomplete, thus justifying
the designation of these functional elements as climatic organs.

The analysis of different configurations reveals that an increase in the height of the
windcatcher leads to a corresponding increase in wind speed, while a decrease in height
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results in reduced airflow. A notable observation from the examined sample is that it is
oriented at a 20-degree angle to the north axis, aligning with the prevailing northwest wind
direction. This alignment suggests that the building was designed to optimize wind
interaction, indicating that its construction was responsive to the thermal needs of the
residents. In its current state, the windcatcher effectively directs airflow, contributing to
thermal comfort. However, as the height of the windcatcher increases, the negative pressure
created behind its blades also rises. This situation can lead to unfavorable airflow conditions,
jeopardizing thermal comfort and potentially compromising the structural integrity of the
windcatcher due to imbalanced pressures on either side.

Reducing the height of the windcatcher by two meters decreases both wind speed and the
pressure behind the blades, which may compromise its effectiveness in natural ventilation.
Recent interventions in the selected sample indicate that some access points from the summer
room to adjacent spaces have been obstructed. These adjacent areas play a crucial role in
facilitating natural ventilation. The inner blade of the windcatcher is vital for generating
negative pressure (suction), enhancing its performance, as evidenced by simulations.

Future research should explore various internal blade configurations to assess their impact
on the efficiency of one-way windcatchers. It is also recommended that future studies
examine two-way, three-way, and even four-way windcatchers.

A comparative analysis of these configurations could provide insights into their
performance within the collected sample. In this type of housing, it is advisable to avoid
creating large openings in the walls of summer rooms. Instead, smaller openings should be
utilized to support the natural ventilation process. Large openings can diminish negative
pressure in the examined spaces, thereby disrupting the establishment of thermal comfort.
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6. CWE: Computational Wind Engineering
7. Rhinoceros
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