ISSN: 2349-8986

Volume 13, Issue 2, 2026

Journal of

Offshore Structure and Technology

G

STM JOURNALS

May—August
DOI (Journal): 10.37591/J0OST

https://journals.stmjournals.com/joost

Research JoOST

Comparative CFD Analysis of Major and Minor
Aerodynamic Modifications for Tall Building
Shapes under Wind Loading

Tanmay Rajiv Jadhav"*, Yuwaraj M. Ghugal®

Abstract

Aerodynamic performance of tall buildings is significant to structural safety and serviceability under
wind. The major and minor aerodynamic changes of the tall building shape are compared with the
computational fluid dynamics (CFD) simulation. The base model was a rectangle of 75 m x 75 m X
300 m. Various aerodynamic modifications of shapes were examined: circular, elliptical, tapered,
twisted, rounded-corner, and chamfered-corner shapes. Simulations were carried out in the ANSYS
Fluent software, with the same boundary conditions. The velocity profile, pressure contours,
streamlines, and the formation of wake were considered as the criteria for flow behavior. It was
discovered that this sharp-cornered rectangle model had quite a lot of flow separation and a large wake
area. Significant modifications (elliptical, tapered) have relatively smooth flow and minimized wake.
There are also good gains in flow separation observed in the smaller changes, like rounded corners.
Moderate improvement over baseline is seen at chamfered corners. The results indicate that major and
minor geometric changes have a significant influence on aerodynamic behavior. Major modifications
mainly affect the global flow structure. Minor modifications improve the local flow characteristics near
edges and corners. Among the investigated configurations, elliptical and tapered shapes demonstrated
improved aerodynamic performance under identical CFD conditions. Elliptical and tapered
configurations showed the smallest wake regions and lowest normalized drag coefficients among all
investigated cases. The findings may assist in preliminary aerodynamic design and shape optimization
of tall buildings.
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INTRODUCTION

Increasing urbanization has resulted in a trend towards taller and narrower buildings, especially in
crowded cities with scarce land resources. These
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buildings provide significant economic benefits and
added functionality but are vulnerable to
aerodynamic effects because of their slender shape.
Wind loads impact not only the structural
performance but also the serviceability (comfort
and facade performance) of tall buildings.
Therefore, it is important to understand and
optimize the aerodynamic performance of new tall
building designs [1-4].

The aerodynamic behavior of buildings is
typically addressed through wind tunnel testing.
Although these approaches provide accurate
predictions, they can be costly and time-consuming,
particularly if many design variations are required.
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Recently, Computational fluid dynamics (CFD) approaches have proven to be an efficient and viable
alternative that allows for the visualization of airflow patterns, surface pressures, and wakes around
complex structures. The increasing availability of computational tools has allowed researchers to
explore a wide range of building shapes and aerodynamic modifications with greater flexibility [5—8].

One of the widely adopted approaches to reduce wind-induced effects is modifying the building
geometry. These modifications can generally be classified into major (global) changes, such as tapering,
twisting, setbacks, and variations in cross-sectional shape, and minor (local) changes, such as corner
rounding, chamfering, and recessing. Structural modifications affect the global flow interaction with
the building, and minor modifications mostly affect the local flow separation and turbulence around the
edges. Both major and minor modifications have been reported to influence aerodynamic performance;
however, their methods of application and viability are different. However, the existing literature lacks
comparative studies to guide the improvement of aerodynamic performance through CFD studies,
making it difficult to choose a suitable acrodynamic modification [9-12].

Previous studies have shown that streamlined designs, such as circular and elliptical buildings, can
reduce flow separation and wake effects compared to conventional rectangular buildings. Similarly,
corner tapering and twisting have been demonstrated to mitigate vortex shedding and enhance the
aerodynamic performance. However, minor changes, such as rounded or chamfered corners, reduced
the pressure loads and delayed flow separation while maintaining the basic building shapes. While past
research has generally examined major and minor changes separately, fewer studies have directly
compared the two prevailing conditions. Another important aspect discussed in the literature is the effect
of flow separation and vortex structures on aerodynamic performance. Sharp edges promote early flow
separation and vortex formation. This creates large areas of suction and wakes on the downwind side.
However, the smoothness of the acrodynamics favors smooth flow, which works against the turbulence
of the flow and promotes stability. However, it remains unclear how these geometric variations affect
these effects when tested using the same numerical simulations [13—15].

In this context, the present study aims to provide a systematic comparative analysis of major and
minor aerodynamic modifications applied to tall building shapes using CFD. This study used a reference
rectangular building model and examined several modified building shapes (circular, elliptical, tapered,
twisted, rounded-corner, and chamfered corner) under identical computational conditions. This study
assessed the flow behavior in terms of velocity, pressure distribution, and wake patterns, allowing for a
direct comparison between cases [16—18].

By analyzing global and local geometric modifications within a consistent framework, this study
aims to provide insights into their comparative effects on aerodynamic performance. This research will
inform better design practices for high-rise buildings, especially in the early design phase, where the
shape is a key factor influencing perfection.

LITERATURE REVIEW

Several aerodynamic modifications have been studied in detail to enhance the wind performance of
tall buildings. Various modifications of geometry, such as tapering, setbacks, corner recessions,
twisting, rounded corners, chamfered edges, and openings, are frequently used to minimize wind-
induced forces, manage vortex shedding, and enhance structural stability in strong winds. Aerodynamic
optimization has been found to have significant effects on the drag force, pressure distribution, wake
structure, and structural response of high-rise buildings in previous investigations [19].

The aerodynamic performance of the modified tall building configurations has been studied by
various researchers using experimental and numerical methods. An experimental study of tapering on
tall buildings in wind found that tapering is effective in suppressing the responses across the wind by
breaking the organized vortex shedding and avoiding resonance effects. Wind tunnel tests on chamfered
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and recessed corner treatments found that they resulted in substantial decreases in crosswind response
and structural stresses. The various aecrodynamic modifications, including tapering, setbacks, rounded
corners, chamfered corners, slots, and openings, were studied, and it was found that passive
aerodynamic treatments are among the most effective aerodynamic measures to reduce wind-induced
responses in slender, tall structures [20].

The aerodynamic performance analysis of tall structures has gained increasing popularity as a tool of
CFD owing to its flexibility and low cost in terms of experimental investigations. A GA-NN
aerodynamic optimization approach that showed that optimized corner configuration changes can
effectively reduce drag force and vortex-induced vibration. Aerodynamic mitigation and shape
optimization methods emphasized the increasing use of CFD-based optimization techniques for drag
reduction and aerodynamic improvement in high-rise buildings. Similarly, both CFD and experimental
studies conducted on irregular C-shaped buildings showed good comparison between CFD and
experimental results using the standard k—e turbulence model [21].

Aerodynamic optimization and comparative analyses of modified building geometries have been the
subject of several studies. Setback tall buildings concluded that setback arrangements have a significant
impact on the pressure distribution, force coefficients, and torsional behavior. conducted a comparative
study between the regular and irregular configurations of tall buildings with modifications in the corner
chamfering and truncation using CFD found that the wind pressure coefficient was significantly
reduced. Conducted a study on multi-parameter corner recession modifications and concluded that the
drag coefficient (Cd) can be lowered by almost 45% by employing corner treatments, while vortex
shedding is significantly suppressed. An aerodynamic optimization design model of spiral supertall
buildings with multi-objectives was developed and proved the strong effect of twist angle and taper
ratio on the aerodynamic efficiency and vibration performance of supertall buildings [22].

In addition, machine learning and artificial intelligence-based optimization techniques have become
significant in aerodynamic shape optimization studies. Using CFD simulation, Artificial Neural
Networks (ANN), and Genetic Algorithms (GA), significant reductions in aerodynamic load and wake
formation were achieved for tall buildings. The applications of machine learning in aerodynamic
optimization found that the use of surrogate models and deep learning techniques can significantly
reduce the computational cost while retaining acceptable prediction accuracy. Provided a detailed
overview of wind engineering applications to tall buildings and discussed the growing trend of applying
CFD, optimization, and machine learning techniques in current wind engineering design practices [23].

Recent investigations have also highlighted the advantages of wind performance and structural
stability of the aerodynamic modification of tall structures. The importance of aerodynamic shape
optimization in minimizing drag force and enhancing serviceability performance. Conducted a CFD
and wind tunnel study of the across-wind response of rectangular tall buildings and concluded that the
vortex shedding effect is more prominent for slender buildings. In the investigation, both micro- and
macro-aerodynamic modifications were analyzed using ETABS analysis and concluded that corner
treatments, fins, and setbacks significantly improve wind performance by reducing displacement, drift,
and base shear. High-rise buildings with orifices were analyzed using CFD simulations and
demonstrated that geometric openings reduce windward pressure and leeward suction, thereby
improving aerodynamic efficiency and structural safety [24].

Previous studies on the aerodynamic modification of tall buildings can be broadly categorized into
major geometric modifications, minor corner modifications, optimization-based approaches, and CFD
validation studies. Although numerous investigations have demonstrated the effectiveness of
aerodynamic modifications in reducing wind-induced effects, many studies have primarily focused
either on aerodynamic behavior through CFD analysis or on structural response using codal wind
loading procedures independently. Few studies have comparatively evaluated multiple major and minor
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aerodynamic modifications under identical CFD conditions within a unified computational framework.
Therefore, a systematic comparative CFD-based assessment is necessary to better understand the
relative aerodynamic effectiveness of different geometric modifications for tall buildings [25].

Research Gap

The literature has been reviewed extensively, and it has been found that many efforts have been made
to improve and understand the aerodynamic efficiency of skyscrapers under wind loading. A range of
techniques have been investigated, from major geometric changes such as tapers, setbacks, twists, and
openings to minor modifications such as chamfered, rounded, and recessed corners. It has been shown
that these methods can reduce wind-induced responses by changing the flow separation, vortex
shedding, and pressure distribution. However, despite these developments, existing research has several
major limitations.

First, many studies have focused on large and small aerodynamic changes separately, without a direct
comparison between them under the same conditions. This makes it difficult to clearly identify which
type of alteration is more effective or how they compare with each other when applied to the same
building configuration.

Second, the results are often inconsistent and cannot be directly compared because many studies use
different modeling techniques, simulation parameters, or experimental designs. There is no common
framework in which several aerodynamic shapes are evaluated under the same CFD setup, boundary
conditions, and evaluation parameters.

Third, the across-wind effects due to vortex shedding have been recognized as important and often
control the design of slender tall buildings. However, few studies have simultaneously considered key
aerodynamic parameters, such as drag force, lift force, pressure coefficient distribution, and wake
characteristics, in a single comparative study. Additionally, there is a lack of studies on setback
configurations relative to other major and minor modifications under a consolidated CFD framework.

Moreover, although recent studies have proposed advanced techniques such as machine learning,
surrogate modeling, and optimization algorithms, their application has been mostly limited to specific
cases rather than being part of a wider comparative evaluation of different acrodynamic modifications.
Hence, there is a clear need for a detailed and systematic comparison using CFD for both significant
and minor aerodynamic modifications under controlled conditions. This approach would enable a better
understanding of their relative performances and provide a means to develop practical performance-
based design standards for tall buildings under wind loading conditions.

A systematic comparative study under the same CFD conditions is required to obtain a clear
understanding of the relative aerodynamic effects of both global and local geometry modifications.

Objectives
The aims of the present study are:
e To design various tall building geometries with major and minor aerodynamic modifications.
e To simulate the behavior of the airflow around the chosen configurations using CFD.
e To compare the velocity distribution, pressure characteristics, flow separation, and wake
behavior under identical computational conditions.
e To evaluate the relative acrodynamic effectiveness of various geometric modifications.

METHODOLOGY
Geometry Modeling

The basic layout was selected as a typical tall building model with dimensions of 75 m x 75 m % 300 m.
This is an example of a typical tall building with a square plan and a high aspect ratio.
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To study the effect of acrodynamic modifications, different building geometries were developed and
categorized as follows:

e Base model: Rectangular (square plan) building
e Major modifications: Circular, elliptical, tapered, and twisted shapes
o Minor modifications: Rounded corners and chamfered corners

All models were created using CAD tools and exported. SAT format for further processing
(Figure 1).

Computational Domain
A 3D computational domain was created to simulate the atmospheric wind flow around the building
(Table 1). This domain size ensures proper development of flow and minimizes boundary effects.

Meshing
Meshing was performed using ANSYS Fluent Meshing.
e Mesh type: Unstructured tetrahedral mesh
e Refinement: Finer mesh near building surfaces; Coarser mesh away from the structure
o Inflation layers: Applied near walls to capture boundary layer effects
e A mesh sensitivity approach was followed by increasing the mesh density until the results showed
stable trends, as shown in Figure 2.

Table 1. Computational domain dimensions.

Parameter Value

Upstream S5H (1500 m)
Downstream 15H (4500 m)
Side clearance 5H (1500 m)
Top clearance 5H (1500 m)

Where H = building height

[
XJ
0.00 1000.00 2000.00 (m) X

[ EE—— SSSS—
500.00 1500.00

Figure 1. Computational domain size of the building.
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Boundary Conditions
The following boundary conditions were applied:
e [nlet: Velocity inlet
e Qutlet: Pressure outlet (0-gauge pressure)
o Walls (building surface): No-slip condition
e Ground: No-slip wall
e Side and Top boundaries: Symmetry or slip wall

The aerodynamic differences between the configurations are clearly observed at a high wind velocity
of 55 m/s, which was selected for the comparative analysis of the configurations and corresponds to an
extreme wind condition.

The flow conditions corresponded to a high Reynolds number external flow regime, which justified
the use of the standard k-¢ turbulence model to capture the turbulent behavior.

Solver Settings
The simulations were performed using ANSYS Fluent with the following settings:
o Solver type: Pressure-based, steady-state
o Turbulence model: Standard k—e model
o Discretization—Pressure: Second-order; momentum: second-order upwind
o Pressure-velocity coupling: Simple scheme

The adopted CFD approach is in line with previous studies on the external flow analysis of tall
buildings using the standard k—e model, which has been widely validated in the literature. The standard
k—¢ turbulence model was chosen because it has been extensively validated for external flow analysis
around bluff bodies and tall buildings under high Reynolds number conditions. This model has been
successfully used in comparative aecrodynamic assessments in previous wind engineering studies.

The results of the adopted CFD methodology and the observed aerodynamic trends were qualitatively
compared with previously published wind engineering studies of streamlined and modified tall building
geometries. The decrease in wake formation and flow separation for elliptical, tapered, and rounded
configurations was observed to be in good agreement with those reported in previous experimental and
numerical studies.

Grid Independence Study

A grid independence study was conducted by refining the mesh until an insignificant variation in the
flow characteristics was obtained. The mesh was progressively refined until no significant changes
occurred in the velocity distribution and wake behavior. This ensured the mesh size independence of
the obtained results (Table 2).

The transition from medium to fine mesh did not reveal any significant change in the flow
characteristics, indicating mesh-independent behavior. We used a medium mesh configuration for all
the simulations to balance the accuracy of the computation with the time of the solution.

Table 2. Grid Independence study.

Mesh level Approx. elements Observation

Coarse Lower mesh density Slight flow fluctuation

Medium  |Moderate mesh density |Stable wake pattern

Fine High mesh density Negligible variation
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Mesh

Figure 2. Meshing of the enclosure.

Solution Initialization and Convergence
o [nitialization: Standard initialization from the inlet
e [terations: Approximately 150-300 iterations
o Convergence criteria: Residuals below 107 to 107; Stabilization of flow parameters

In addition to residual convergence, the stabilization of flow patterns and wake characteristics was
monitored to ensure the numerical stability of the solution.

Post-Processing

The results were analyzed using CFD post-processing tools. The following parameters were
evaluated.

o Velocity contours: to observe flow acceleration and wake

e  Pressure contours: to identify high and low-pressure regions

o Pathlines/streamlines: to study vortex formation and flow separation

o Wake region characteristics: to compare aecrodynamic behavior

Comparisons were made across all models under identical conditions to ensure consistency.

Comparative Analysis Approach

All building configurations were analyzed using the same domain size, boundary conditions, and
solver settings. This provided a fair and direct comparison of the major and minor aerodynamic
modifications. The CFD methodology used in the present study was aimed at a comparative
aerodynamic assessment and not a precise prediction of the absolute wind loads.

RESULTS AND DISCUSSIONS
Introduction

In this study, CFD simulations were performed to assess the aerodynamic behavior of tall buildings
with diverse shapes under identical wind conditions. The analysis focused on comparing the flow
pattern, pressure distribution, and wake characteristics of the base model and a few modified
configurations.
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Figure 3. Velocity contour of a rectangular building.

To ensure consistency, each model was tested with the same parameters: velocity contours, pressure
contours, pathlines (flow patterns), and wake region behavior. Such a uniform approach allows for a
direct comparison of the major and minor aerodynamic modifications.

All figures are shown with the same scale and visualization settings, allowing consistent comparisons
between different building configurations. Comparative analysis is useful for understanding the
influences of different aerodynamic modifications on flow separation, pressure distribution, and wake
formation around tall buildings

Base Model—Rectangular Building
Velocity Distribution

The velocity contours show a well-developed stagnation region on the windward face, where the flow
decelerates significantly. The flow detaches sharply at the edges, and a large wake region forms behind
the building, as shown in Figure 3.

Pressure Distribution
The front face was subjected to high positive pressure. A large negative pressure (suction) zone is
formed on the leeward side. The sharp edges make the pressure change fast Figure 4.

Flow Pattern (Pathlines)
The pathlines revealed well-defined vortices behind the structure. The flow separates at the corners
and creates a large recirculation zone, as shown in Figures 5 and 6.

Observation

The rectangular model exhibited significant flow separation, high pressure variation, and a large wake
region, indicating relatively low aerodynamic performance. The sharp-edge geometry causes early flow
separation and strong vortex formation, resulting in an increase in acrodynamic resistance and unstable
wake characteristics.

Circular Building
Velocity Distribution

The velocity contours indicate that the flow around the structure was smoother with less separation
than that of the rectangular model (Figure 7).
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Pressure Distribution
It has a more uniform pressure distribution with a lower peak pressure on the windward side and
lower suction on the leeward side, as shown in Figure 8.

Figure 4. Static pressure contours of rectangular building.

) Velocity Magnitude
Tmis]
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Figure 5. Pathlines around rectangu_lar l;uilding_(top view).
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Figure 6. Pathlines around rectangular building (Side view).

Figure 7. Velocity contours of circular building.

Flow Pattern (Pathlines)
The pathlines indicate delayed flow separation and a narrower wake region, as shown in Figures 9
and 10.
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Figure 9. Pathlines around circular building (top view).
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Observation

The circular shape improved the flow behavior by reducing the separation and wake sizes. This led
to better aecrodynamic performance compared to the base model. The smooth curved surface of the
structure allows the airflow to smoothly transition around it. This helped delay the flow separation and
reduce the wake intensity.

Elliptical Building
Velocity Distribution

The flow accelerated smoothly along the curved surface, showing reduced turbulence compared with
both the rectangular and circular shapes (Figure 11).
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Pressure Distribution
The pressure distribution is more gradual, with less intense suction zones Figure 12.

Flow Pattern (Pathlines)
The pathlines show a streamlined flow with minimal vortex formation and a smaller wake region, as
shown in Figures 13 and 14.

Figure 11. Velocity contours of elliptical building.
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Observation

The elliptical model offers better acrodynamic efficiency, less turbulence, and a smooth flow
transition. Simplified geometry led to smaller pressure gradients and less turbulence, resulting in
relatively better aerodynamic behavior.

Z —— e = — o ——
S_,&“‘\ '.:\-s‘_;_ ~—— .4-—::__‘-4-:5‘—;_" o _-..’-'-'_p — *——

Figure 13. Pathlines around e‘llip{ical_building (?opdv_iew).
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Figure 15. Velocity contours of tapered building.

Tapered Building
Velocity Distribution

The velocity contours show that the higher the height, the lower the flow obstruction and the smoother
the flow, as shown in Figure 15.

Pressure Distribution
The pressure decreased progressively with height, thereby reducing the concentration in any one
region, as shown in Figure 16.
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Flow Pattern (Pathlines)
The pathlines show disrupted vortex formation and a reduced wake region, as shown in Figures 17
and 18.

Observation

The tapered shape reduces the aerodynamic effects by changing the flow interaction along the height,
thereby improving the performance. Changes in the cross-sectional area along the height modified the
vortex development and reduced the concentrated wind interaction.

617001

e ——=

- — o
— =1 — —— .~ —-

iT-ig—ure 17. Pathlines around tapérgd building (top view).
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Twisted Building
Velocity Distribution

The velocity distribution shows variations along the height owing to the twisting geometry, which
continuously alters the wind interaction, as shown in Figure 19.

Pressure Distribution
The pressure zones were distributed unevenly but with a reduced peak concentration compared with
the rectangular model, as shown in Figure 20.

Flow Pattern (Pathlines)
The pathlines indicate disrupted vortex shedding and irregular wake formation (Figures 21 and 22).

Valazily Magnh.da —

Figure 19. Velocity contours of twisted building.
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Observation

The twisted geometry helps break up the vortex formation, thus achieving relatively stable flow
characteristics. The continuously changing orientation disrupts the organized vortex shedding, which
contributes to the comparatively stable flow behavior.
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Figure 23. Velocity contours of setback configuration building.

Setback Building
Velocity Distribution

The velocity contours for the setback building showed a non-uniform distribution of flow along the
height owing to geometric discontinuities. The stepped profile causes local acceleration and
deceleration of the airflow at each setback level. The flow was partially redistributed compared with
the rectangular model, but localized high-velocity zones were observed close to the edges of each step,
as shown in Figure 23.

Pressure Distribution

The pressure contours show high-suction regions in the setback regions, particularly at the upper
levels. Unlike the smoother geometries of elliptical or rounded models, geometric discontinuity causes
the pressure to concentrate at the step edges, leading to a non-uniform pressure distribution.
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Flow Pattern (Pathlines)

Pathline visualization clearly illustrated the different heights of the multiple vortex formations. The
rectangular building created a large wake, whereas the setback design created intermittent recirculation
zones at each step. This led to a disintegrated wake structure instead of a single continuous wake
(Figures 24 and 25).

Observation

This behavior shows that setback configurations tend to shift the aerodynamic effects rather than
consistently reducing them, as is the case for streamlined geometries. Simplified geometries have a
uniform effect on aerodynamics, whereas backstep configurations redistribute the aecrodynamics into
multiple separation zones.
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Figure 24. Pathlines around setback_bﬁiding (toI; Vigw).
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Figure 25. Pathlines around setback building (side view).
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Rounded-Corner Building (Minor Modification)
Velocity Distribution

The velocity contours show a smoother transition of airflow at the corners, reducing abrupt changes,
as shown in Figure 26.

Pressure Distribution
The pressure concentration at the sharp edges was significantly reduced, leading to a more uniform
distribution, as shown in Figure 27.

Figure 26. Velocity contours of rounded-corner building.

Figure 27. Static pressure contours of rounded-corner building.
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Flow Pattern (Pathlines)
The pathlines indicate delayed separation and a reduced wake region compared to the base model, as
shown in Figures 28 and 29.

Observation

Rounded corners are very effective for reducing flow separation and turbulence and improving
aerodynamic behavior without major changes to the structure. This change results in an aerodynamic
improvement and is relatively small in terms of the overall geometry of the building.

Chamfered-Corner Building (Minor Modification)
Velocity Distribution

The velocity contours show a moderate improvement in the flow behavior compared to the
rectangular model (Figure 30).
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Figure 29. Pathlines around rounded-corner building (side view).
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Pressure Distribution
The pressure distribution was improved, although it was slightly less uniform than that of the rounded
configuration, as shown in Figure 31.

Flow Pattern (Pathlines)
The wake region was reduced, but some vortex formation was still visible, as shown in Figures 32
and 33.

Observation

The chamfered corners provided a moderate increase in aerodynamics, but not as much as the rounded
corners. Corners were chamfered to eliminate sharp edges from separation; however, the flow was not
as completely altered as with smoother corner modifications.

Key Findings

The results of the comparison analysis show that significant changes in the aerodynamic properties
of the cross-section mainly result in changes in the global flow field, whereas small changes mainly
result in improvement of the local flow field near the edge and corners. These observed aerodynamic
characteristics were found to be consistent with previous wind engineering studies that showed that
streamlined and tapered shapes reduce wake formation and increase aerodynamic efficiency.

Figure 30. Velocity contours of chamfered-corner building.

Figure 31. Static pressure contours of a chamfered-corner building.
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Figure 33. Pathlines around chamfered-corner building (side view).
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The absolute drag forces may not be comparable when used for direct comparison in CFD simulations
because of different force scaling and reference parameters. Thus, an approach using the normalized
drag coefficient (Cd/Cdo) was employed, with the rectangular building used as the reference building.
This technique allows for a consistent and meaningful comparison of the aerodynamic performance of
various configurations. Qualitative flow properties, such as wake size, pressure distribution, and flow
separation behavior, observed from CFD visualization further support the observed trends (Table 3).

The maximum aerodynamic resistance was achieved for the rectangular building because the flow
separated from the surface of the building early owing to the presence of sharp edges, and a large wake
region was formed. On the other hand, streamlined shapes such as elliptical and tapered shapes are
preferred because they have comparatively less drag owing to the ease of flow and delay in separation.
Moreover, geometric changes, particularly rounding of corners, will greatly reduce the local level of
turbulence and cause pressure concentration at the edges, which will be beneficial. The chamfered
corners help control the flow, but only moderately, as they do not completely smoothen the flow.
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Table 3. Comparative aerodynamic performance of different building shapes.

Shape Normalized drag Relative wake | Pressure intensity Aerodynamic
coefficient (Cd/Cdo) size performance

Rectangular 1.00 High High Poor

Circular 0.85-0.90 Moderate Moderate Moderate

Elliptical 0.65-0.75 Low Moderate Good

Tapered 0.70-0.80 Low Low—Moderate Good

Twisted 0.80-0.90 Moderate Moderate Moderate

Setback 0.90-1.05 Fragmented High (localized) Moderate

Rounded corners 0.75-0.85 Low Low Good

Chamfered corners 0.85-0.95 Moderate Moderate Moderate

The setback shape has an aerodynamic behavior that is different from the other shapes. The novel
approach introduces multiple separation points along the height instead of a uniform reduction in drag
owing to geometric discontinuities. This leads to a wake being split and local pressure differences,
leading to modest global aerodynamic performance. This geometry also exhibited a twisted
disorganization of vortex shedding, which caused moderate flow stability.

Finally, the results indicate that substantial changes have a significant impact on the global flow
characteristics, whereas small changes result in better local flow characteristics. Under the conditions
of the present simulation, the elliptical and tapered configurations were relatively better
aerodynamically among all the configurations considered.

The trends for the acrodynamic responses revealed in this study are qualitatively consistent with those
observed in other wind engineering investigations, in which streamlined and tapered buildings were
observed to be less prone to wake development and exhibited improved aerodynamic characteristics
compared with traditional rectangular buildings.

Approximate Drag Force Estimation

The standard aerodynamic drag equation was employed to approximate the drag forces for a
comparable understanding of the aerodynamic resistance of different building configurations. The
present study is mainly for comparative CFD flow behavior under the same computational conditions;
therefore, the drag force estimation is for relative aerodynamic evaluation rather than a highly precise
force prediction.

The drag force was estimated by:

FD="%pV2CD A

Where:
e FD = Drag force (N)
e p=Air density (1.225 kg/m?)

e V =Wind velocity (55 m/s)
CD = Drag coefficient
e A =Projected frontal area of building

The frontal area of the building: A =75 x 300 = 22500 m?
FD=4.17 x 107 (CD)

The approximate values of the drag coefficients were used based on the comparative aecrodynamic
behavior observed in the CFD simulations and trends reported in the literature for similar building
geometries, as shown in Table 4.
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Table 4. Approximate drag force estimation for different building shapes.

Shape Approx. drag Estimated drag Comparative aerodynamic behavior
coefficient (CD) force (MN)

Rectangular 1.20 50.0 High drag and large wake formation

Circular 0.80 334 Reduced flow separation

Elliptical 0.60 25.0 Streamlined flow with reduced turbulence

Tapered 0.70 29.2 Reduced vortex formation

Twisted 0.85 354 Disrupted vortex shedding

Setback 1.00 41.7 Fragmented wake structure

Rounded corners 0.75 31.3 Reduced edge separation

Chamfered corners 0.90 37.5 Moderate aerodynamic improvement

The calculated aerodynamic drag force data indicate that the aerodynamic drag of streamlined
geometries, such as elliptical and tapered configurations, is comparatively lower than that of the normal
rectangular model. Small changes, such as rounding the corners, also show significant drag reduction
without a major change in the overall building geometry. These values are approximate in nature but
provide additional comparative insight into the aerodynamic effectiveness of different geometric
modifications under the same wind conditions.

The trends of the estimated drag were qualitatively consistent with the wake characteristics and
pressure distributions observed in the CFD simulations.

Limitations of Study

The present study is based on steady-state CFD simulations with a uniform inlet velocity profile. The
transient vortex shedding behavior, wind direction, terrain conditions, and effects of the atmospheric
boundary layer were not considered. Furthermore, the evaluation of structural response parameters,
such as displacement and acceleration, was not conducted. The conclusions were based only on
numerical simulations without experimental validation, which could affect the accuracy of the predicted
aerodynamic behavior. The steady-state approach may not fully capture the transient vortex shedding
phenomena associated with across-wind excitation in tall buildings.

CONCLUSIONS

In this study, a comparative CFD analysis was performed to evaluate the aerodynamic behavior of
tall building configurations with major (global) and minor (local) geometrical modifications under wind
loads. Therefore, all configurations were analyzed under the same computational conditions to ensure
consistency and provide a fair basis for comparison.

The base rectangular building exhibited significant flow separation at the sharp edges, causing a large
wake region and large pressure gradients between the windward and leeward faces. This indicates
relatively larger aerodynamic effects than those of the modified configurations.

Several major modifications, such as circular, elliptical, tapered, twisted, and setback geometries,
exhibited altered flow behavior. Elliptical and tapered configurations with streamlined shapes showed
better flow transition with fewer wake regions, indicating better aerodynamic performance under the
present conditions. The twisted geometry disturbed the regular vortex shedding, causing moderate flow
stability. In contrast, the setback configuration generated several separation points along the height,
leading to fragmented wake structures and localized pressure variations instead of a uniform reduction
in the aerodynamic effects.

Further minor modifications, such as rounding and chamfering of corners, improved the aerodynamic
behavior and local flow characteristics. Moderate improvement was observed in the chamfered corners,
whereas the rounded corners were more effective in delaying flow separation and reducing pressure
concentration at the edges.

© STM Journals 2026. All Rights Reserved 33



Comparative CFD Analysis of Major and Minor Aerodynamic Jadhav and Ghugal

The study showed that the major changes mainly influenced the global flow field, whereas the minor
changes improved the local flow behavior, particularly at the edges and corners. Major modifications
may provide a higher level of aerodynamic improvement, but minor modifications are a more
straightforward and practical way to improve performance without major changes to the overall
building form.

The results show that aerodynamic shape optimization at the preliminary design stage can
significantly influence the wind performance of tall buildings. Overall, the results show that the flow
pattern around tall buildings is strongly affected by geometry. The results were obtained from steady-
state CFD simulations and provided comparative insights into the aerodynamic performance of the
different configurations. The results are useful for preliminary design assessments, where shape
selection is a key parameter for the aerodynamic response.

Small geometric changes, such as rounded corners, could be a pragmatic trade-off between
aerodynamic improvement, architectural feasibility, and structural simplicity.

Future Scope
The purpose of the present study was to gain a comparative understanding of aerodynamic behavior,
but there are many extensions that could further improve the applicability and depth of the analysis.

Further work is required to simulate time-dependent vortex shedding and crosswind effects. The use
of experimental data or benchmark studies would also add confidence to numerical results.

Various wind directions, terrain types, and atmospheric boundary layer profiles can be used for a
better representation of real-world conditions. Further research could involve the use of combined
aerodynamic modifications, where major and minor aerodynamic modifications are used together to
study the combined effect.

Moreover, optimization techniques or machine learning-based approaches can be investigated to
identify effective building shapes with less computational effort. Using a combination of CFD and
structural analysis tools, the parameters of the structural response, such as displacement, acceleration,
and comfort criteria, can be evaluated.

They can contribute to the creation of better aerodynamic design strategies for tall buildings subjected
to wind loads that are more reliable and performance-oriented.
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