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Table 1. An overview of the research background
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Table 2. Parameters Modeled in DesignBuilder Software
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Figure 1. Architectural configuration of the Aghazadeh House (Source: Ministry of Cultural Heritage, Tourism, and Handicrafts)
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Figure 2. Windcatcher of the Aghazadeh House, Abarkuh
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Figure 3. Blades of the Windcatcher in the Aghazadeh House
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Figure 4. Wind Rose and Average Wind Speed in the Study Area (Source: onebuilding.org)
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Figure 5. a) Air pressure at the midpoint of the second-story windcatcher (height: 15.5 m); b) Air pressure plan at the midpoint of the first-story
windcatcher (height: 11.5 m); c) Air pressure section
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Figure 6. a) Airflow in the second-story windcatcher through the eastern and western channel; b) Airflow in the second-story windcatcher
through the eastern, western, and central channels from the north; c) Airflow in the first-story windcatcher on the northern and eastern sides; d)
Airflow on the southern and western sides
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Figure 7. Contour Lines of Airflow in the Windcatcher of the Aghazadeh House
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Figure 8. a) Airflow around the windcatcher; b) Air pressure around the windcatcher; c) Air pressure around the windows of the domed room
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Figure 9. a) Airflow around the first-story windcatcher; b) Airflow around the second-story windcatcher
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Figure 10. a) Airflow on the northern and eastern facades; b) Airflow on the western and southern facades; c) Airflow on the southern and
western fagades; d) Airflow around the northern and western windows of the veranda remains unchanged compared to the previous condition
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Abstract

Traditional Iranian architecture demonstrates an extraordinary ability to harmonize with the natural environment,
employing indigenous knowledge to develop sustainable strategies for thermal comfort and energy efficiency. Among
its most fascinating innovations stands the Aghazadeh House in Abarkuh, Iran, renowned for its exceptional two-
story windcatcher (Badgir), a feature seldom observed in vernacular Iranian architecture. This research explores the
unique functional attributes and aerodynamic advantages of the Aghazadeh House’s two-tier windcatcher, analyzing
its behavior through computational fluid dynamics (CFD) simulations supported by principles of fluid mechanics.
Windcatchers have historically played a vital role in passive cooling strategies across hot and arid regions of the Iranian
Plateau, significantly minimizing reliance on mechanical ventilation systems. While single-story windcatchers are widely
found across Iran’s historic buildings, the dual-level design of the Aghazadeh windcatcher raises important questions
regarding its performance superiority over conventional forms. Specifically, this study investigates whether the added upper
tier—by virtue of its height, specific geometry, and placement—enhances airflow dynamics, cooling efficiency, and indoor
air quality.

Employing a mixed-methods research approach, the study integrates qualitative historical analysis with rigorous quantitative
CFD modeling. Field surveys, architectural documentation, and digital modeling using DesignBuilder software form the
methodological foundation. Local climatic data—especially wind speed and direction from the EPW climate dataset for
Abarkuh—provide the environmental context for simulations. Two primary configurations were analyzed: the existing two-
tier windcatcher and a modified single-tier version derived by computationally removing the upper level. CFD analysis
assessed airflow velocity, pressure gradients, direction, and thermal performance within and around the unique structure.
Findings show that the second tier significantly improves airflow management inside the building. Situated at a higher
elevation, it captures stronger and cleaner air while reducing intake of hot, dust-laden air from lower altitudes. Air velocities
up to 3.5 m/s were recorded at the upper openings, compared to 0.5-2.5 m/s in the lower tier—demonstrating a stronger
induction effect. Pressure differential analysis confirms that the two-tier system supports bi-directional airflow—nboth intake
and exhaust—even under low wind conditions. This vertical separation of airflow layers contributes to a more continuous
and stable natural ventilation cycle.

Compared to conventional single-tier designs, the Aghazadeh windcatcher provides higher air exchange rates, improved
thermal regulation, and superior indoor air quality. The upper tier functions not only as a secondary wind intake but also as an
auxiliary outlet, facilitating smoother airflow and mitigating temperature fluctuations in interior spaces. Its dual-functionality
results in a more balanced and effective passive ventilation system.

This study highlights the engineering ingenuity of traditional Iranian architecture and emphasizes its relevance for
contemporary sustainable design. As modern architecture faces the pressing challenges of increased energy use and climate
responsiveness, reviving ancient passive cooling methods—such as multi-tiered windcatchers—offers promising, low-
energy alternatives to mechanical HVAC systems. Integrating these proven, context-responsive technologies into modern
architectural practice could advance energy efficiency, reduce carbon emissions, and promote environmentally responsible
design, particularly in hot and arid regions all over the world.

Keywords: Windcatcher, Two-Story Windcatcher, Passive Ventilation, CFD Modeling, Sustainable Architecture
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