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Highlights

- 40% of residential open spaces violate Davenport wind comfort criteria.

- Integrated landscape systems reduced uncomfortable wind points by 67%.
- Synergy effect provides 15% additional performance beyond linear sums.
- Highest synergy (1.22) in building gaps allows targeted wind mitigation.

Airﬂow is one of the most critical components of outdoor thermal and wind comfort in urban  Received 01/08/2025
open spaces, influenced by the complex interplay of building geometry and landscape Revised 18/09/2025
design. The present study aims to quantitatively evaluate wind behavior and develop integrated  accepted 04/10/2025

landscape design strategies by investigating pedestrian wind comfort in the open spaces between  » .i1able Online 20/01/2026
12 residential blocks (Omid Town, Tehran). To this end, the wind flow pattern at the pedestrian

level (1.75 meters) was simulated using Computational Fluid Dynamics (CFD) in Ansys Fluent

software, employing the k-€ turbulence model and based on the Davenport comfort criterion.

Baseline results indicated that 40\% of the 42 measurement points exceeded the pedestrian

wind comfort thresholds. Subsequently, two intervention scenarios (1: Vegetation; 2: Integrated  pedestrian Wind Comfort
system of vegetation and porous barriers) were evaluated. Quantitative analyses demonstrated  synergy Effect

that the integrated scenario (representing the third generation of approaches) resulted in a 67\%  Integrated Landscape Systems
reduction in the number of uncomfortable points. More importantly, the synergy effect analysis  crp simulation

revealed that the combined strategy provided a 15\% additional performance improvement yrban Microclimate.
beyond the linear sum of individual interventions. This superior, non-linear effect confirms the

necessity of developing evidence-based design frameworks for the comprehensive management

of microclimates in residential complexes.
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Introduction: Rapid urbanization and the proliferation of high-rise residential complexes have
significantly altered urban microclimates, particularly regarding wind flow patterns. While urban
ventilation is necessary for air quality, excessive wind speeds at the pedestrian level—driven by
phenomena such as the “downwash” and “channeling” effects—frequently compromise safety and
comfort. Historically, urban wind management has evolved through three distinct generations: from early
passive design to isolated interventions like windbreaks, and finally to modern “integrated systems”.
Despite the evolution of these strategies, many residential complexes, such as Tehran’s Omid Town, suffer
from localized wind discomfort due to inadequate landscape planning. There is a critical research gap in
quantifying how multiple landscape elements (e.g., trees and porous fences) interact. Most studies treat
these as standalone measures, failing to account for the synergy effect—the non-linear performance
boost that occurs when interventions are strategically combined. This study addresses this gap by
using advanced CFD modeling to prove that integrated systems offer superior protection compared to
traditional, fragmented approaches. The goal is to establish a quantitative, evidence-based framework
that assists urban designers in creating wind-sensitive outdoor spaces.

Materials and Methods: The study focuses on Omid Town, a prominent residential complex
in Tehran characterized by a systematic arrangement of 12 blocks. The geometry was modeled
accurately to reflect the mid-block gaps where wind acceleration is most prevalent. Simulations were
conducted using Ansys Fluent. The k- turbulence model was selected for its proven reliability in
predicting urban wind fields. To ensure results were independent of the mesh size, a Grid Independence
Study was performed. Four mesh densities were tested, and a “very fine” grid consisting of 7,010,094
cells was utilized, achieving a convergence stability with less than 0.8% variance. The inlet velocity was
set based on Mehrabad meteorological station data, focusing on the critical maximum wind speed of
10.8 m/s. The Davenport criterion was adopted as the assessment benchmark, defining the threshold for
comfort based on the frequency and intensity of wind speeds suitable for activities like walking or sitting.
Design Scenarios included:

- Baseline: Current state without landscape interventions.

- Scenario 1 (Standalone): Strategic placement of high-density vegetation (modeled as porous media).
- Scenario 2 (Integrated): Combining vegetation with porous barriers (t=0.5 porosity) to create a multi-

layered shield.

Findings: The initial CFD results (Baseline Analysis) confirmed severe discomfort in the central
courtyards and peripheral gaps. Out of 42 designated monitoring points, 17 points (40%) failed
to meet the Davenport comfort threshold. The wind tunnel effect between parallel blocks increased
localized velocities by up to 30% compared to the inlet speed. The scenario performance was as bellow:
- Scenario 1: Theintroduction of vegetation significantly reduced wind speeds inimmediate downstream
areas, improving comfort at 8 of the 17 problematic points. However, it failed to address high-altitude
downwash redirected to the ground level.
- Scenario 2: The integrated system showed superior performance. The number of uncomfortable
points dropped from 17 to 5, representing a 67% improvement.
The most significant finding is the quantification of the Synergy Coefficient. By comparing the integrated
results against the mathematical sum of standalone measures, it was observed that the integrated
scenario provided a 15% additional wind speed reduction. In specific mid-block gaps, the synergy
coefficient reached 1.22, proving that the proximity of porous barriers and vegetation creates a complex
turbulence-filtering effect that neither can achieve alone.

iscussion and Conclusion: Thefindings validate the transition toward Third-Generation integrated
landscape design. The 15% synergy effect suggests that the interaction between different landscape
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elements is non-linear; the porous barrier breaks the initial wind force, allowing the vegetation to act
as a secondary filter that stabilizes the airflow. This study contributes to urban design and landscape
architecture by moving beyond qualitative “rules of thumb” to quantitative “evidence-based design.”
For architects and planners, the results imply that simply planting trees is insufficient in high-velocity
zones. Instead, a multi-layered approach using varied porosities and heights is essential.

While the CFD model used the k-e turbulence model effectively, future studies could utilize Large
Eddy Simulation (LES) for higher temporal accuracy. Additionally, seasonal variations in leaf area
density (LAD) for deciduous trees should be modeled to assess winter vs. summer performance. In
conclusion, integrated landscape systems offer a robust solution for enhancing urban livability, providing
a measurable synergy that maximizes pedestrian comfort and safety.
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- 40% of residential open spaces violate Davenport wind comfort criteria.

- Integrated landscape systems reduced uncomfortable wind points by 67%.
- Synergy effect provides 15% additional performance beyond linear sums.
- Highest synergy (1.22) in building gaps allows targeted wind mitigation.

Air‘flow is one of the most critical components of outdoor thermal and wind comfort in urban
open spaces, influenced by the complex interplay of building geometry and landscape
design. The present study aims to quantitatively evaluate wind behavior and develop integrated
landscape design strategies by investigating pedestrian wind comfort in the open spaces between
12 residential blocks (Omid Town, Tehran). To this end, the wind flow pattern at the pedestrian
level (1.75 meters) was simulated using Computational Fluid Dynamics (CFD) in Ansys Fluent
software, employing the k-€ turbulence model and based on the Davenport comfort criterion.
Baseline results indicated that 40\% of the 42 measurement points exceeded the pedestrian
wind comfort thresholds. Subsequently, two intervention scenarios (1: Vegetation; 2: Integrated
system of vegetation and porous barriers) were evaluated. Quantitative analyses demonstrated
that the integrated scenario (representing the third generation of approaches) resulted in a 67\%
reduction in the number of uncomfortable points. More importantly, the synergy effect analysis
revealed that the combined strategy provided a 15\% additional performance improvement
beyond the linear sum of individual interventions. This superior, non-linear effect confirms the
necessity of developing evidence-based design frameworks for the comprehensive management
of microclimates in residential complexes.
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