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Objective: Passive architectural design, with an emphasis on reducing fossil fuel
consumption and utilizing indigenous and regional architectural patterns, is currently
recognized as an important approach in contemporary architecture. Chaharmahal and
Bakhtiari Province is located in a cold climatic region of Iran, and its capital,
Shahrekord—commonly referred to as the “Roof of Iran” due to its geographical
location—has a high potential for absorbing solar thermal radiation. This city contains four
introverted historical houses, whose optimal examples can inspire contemporary architects
in passive design strategies. Specific objectives of this study include determining the
optimal proportions of central courtyards, appropriate orientation, and suitable height-to-
width ratios.

Method: his research adopts a mixed qualitative—quantitative methodology. Analyses were
conducted using ANSYS Fluent software, in which the studied samples were compared
based on the average temperature of the inner walls of central courtyards. According to
ten-year meteorological data from the provincial Meteorological Organization, January and
July were identified as the most critical months of the year; therefore, simulations and
analyses were performed for these two months.

Results: Different orientations of central courtyards can significantly influence the amount
of received solar radiation and increase the average temperature of the inner courtyard
walls.

Conclusions: Among the studied samples, the Mortazaviha House, in terms of orientation
and proportions, demonstrated the highest average wall temperature in winter (16.74 °C),
with a courtyard proportion of 1:30 and an orientation of 50 degrees relative to the south,
making it the optimal winter model. Additionally, the Azadeh House showed the lowest
average wall temperature in summer (29.00 °C), with a courtyard proportion of 1:33 and
an orientation of 8 degrees relative to the south, and was identified as the optimal summer
model. Therefore, in contemporary designs—such as local or vernacular
accommodations—the identified optimal model, preferably suited to this climate
(Mortazaviha House), can be selected and implemented.

For future studies, it is recommended that the optimal model be simulated and compared
using various contemporary materials within a simulation environment in order to identify
the most suitable construction materials.
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Introduction
Global climate change and the growing problems associated with fossil fuel consumption

have led to rising energy use worldwide, including in Iran (Lechner, 2014). To address these
challenges, the architectural field increasingly emphasizes climate-responsive design, or
passive design strategies. By studying traditional and indigenous architecture, architects can
rediscover climatic design patterns compatible with local conditions—models that reduce
environmental stress from modern constructions and promote sustainable revival in Iranian
architecture.

Iran benefits from abundant solar radiation as a free, non-polluting energy source.
Chaharmahal and Bakhtiari Province, due to its high altitude and cold climate, has great
potential to harness this solar energy. Additionally, its favorable climatic diversity and scenic
landscapes make it an attractive tourist destination.

The main problem addressed in this research is the climatic analysis of introverted
historical houses in Shahrekord to develop an optimal passive design model. Key variables
include solar radiation, wind direction and intensity, and the thermal load on the inner
courtyard walls. The research questions are: (1) How do solar radiation angles and wind
direction affect the thermal load on courtyard walls of four-sided historical houses in
Shahrekord? (2) What are the most efficient proportions and orientations of courtyards in
Shahrekord’s traditional houses?

Method
This study adopts an applied mixed-method research design integrating both qualitative and

quantitative approaches. The qualitative component involves descriptive analysis and
architectural documentation, while the quantitative part focuses on computational simulation
and thermal performance evaluation.

Architectural models of the case studies were developed in AutoCAD and Revit, followed
by simulation in ANSYS Fluent. Within Chaharmahal and Bakhtiari Province, three cities—
Shahrekord, Borujen, and Chaleshtar—contain historical houses from the Qajar and Pahlavi
periods. Due to similar climatic conditions in Shahrekord and Chaleshtar and minor variations
in Borujen, the latter was excluded. Four representative houses featuring four-sided layouts
and single central courtyards were selected for analysis. Simulation results were compared
through a comparative analysis method, and findings were synthesized.
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Results
The quantitative analysis focused on evaluating how solar radiation, courtyard orientation,

and wind direction affect indoor wall temperatures in the four case studies. Simulations for
January and July—representing extreme winter and summer conditions—demonstrated clear
patterns of thermal variation. Courtyard orientation was found to be a critical determinant of
energy efficiency, with southeast to south orientations providing optimal thermal balance.
Houses with balanced courtyard proportions (approximately 1.3) exhibited superior thermal
stability and passive performance.

Conclusions
This study compared four historical houses with central courtyards in Shahrekord’s cold and

dry climate to identify an optimal passive architectural model. Simulations in ANSYS Fluent
showed that orientation and courtyard proportion significantly influence indoor thermal
comfort. The Mortazavi House was identified as the optimal winter model (average wall
temperature: 16.74°C; courtyard ratio: 1.30; orientation: 50° south), while the Azadeh House
was the optimal summer model (average wall temperature: 29.00°C; courtyard ratio: 1.3;
orientation: 8° south).

For future research, it is recommended that the optimal configuration be simulated using
different construction materials to evaluate their comparative thermal performance and
identify materials most suitable for contemporary passive design in cold climates.
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