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Abstract

Introduction: The increasing air pollution in large cities and its direct impact on human health have
highlighted the importance of indoor air quality (IAQ) more than ever before. One of the key factors
influencing IAQ is the form and arrangement of buildings within the urban fabric, which affects airflow
patterns and pollutant infiltration. This study aims to investigate the impact of building form on natural
ventilation and indoor air quality in the residential fabric of Shiraz City.

Methodology: Three common building form typologies — stepped, L-shaped, and T-shaped — were
modeled and rotated in different orientations within a regular urban layout. Simulations were conducted
using Autodesk CFD with the SST k—w turbulence model. Air velocity and NO: concentration were selected
as the main evaluation parameters. Finally, all samples were ranked using the multi-criteria decision-
making (MCDM) TOPSIS method.

Results and Discussion: The results revealed that the stepped form facing the wind direction (C-04)
performed best in enhancing airflow and reducing pollutant concentration. Conversely, the L-shaped form
parallel to the wind direction (B-01) exhibited the weakest performance. Comparison with ASHRAE
standards showed that only the C-pattern fell within the acceptable range of natural ventilation.
Conclusion: The findings emphasize that building form design is not merely an aesthetic decision but a
crucial determinant of environmental health and thermal comfort. Even minor adjustments in the orientation
or proportions of a building can significantly improve airflow behavior and reduce pollutant penetration.
Consequently, adopting stepped or articulated building forms in dense residential areas can serve as an
effective strategy for improving indoor air quality and mitigating the adverse impacts of urban pollution.
Considering such design factors from the early stages of urban planning can contribute to achieving
sustainable and health-oriented architecture.

Keywords: Building form, Air quality, Air pollution, Air velocity, Low-rise buildings, Computational
Fluid Dynamics (CFD).
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Tab. 3- Types of building arrangements in the urban fabric of Shiraz City
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Fig. 13- Contour of pollutant concentration dispersion pattern in the urban fabric with Pattern B
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Fig. 16- Contour of pollutant concentration dispersion pattern in the urban fabric with Pattern C
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