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1 Introduction

Abstract

This study investigates the aerodynamic behavior of a cricket ball at various velocities
using Computational Fluid Dynamics (CFD) in ANSY'S Fluent, focusing on the effects
of speed and surface modifications on aerodynamic forces and pressure distribution.
The cricket ball geometry was simplified by replacing the seam with a protruding flat
surface. Simulations were performed at airflow velocities of 20, 30, and 40 m/s using
the realizable k-¢ turbulence model, with air properties set to a density of 1.225 kg/m?
and dynamic viscosity of 1.81x107° Pa-s. At 20 m/s, the inlet and outlet mass flow rates
were 50.306891 kg/s and -50.306901 kg/s, with a net imbalance of -9.3x10° kg/s,
generating a drag force of 0.5 N, a lift force of 0.2 N, and a pressure difference of 50
Pa. At 30 m/s, the inlet and outlet rates were 75.460373 kg/s and -75.464958 kg/s,
respectively, resulting in a net imbalance of -0.004585 kg/s. The flow was fully
turbulent, producing a drag force of 3.5 N, a lift force of 1.5 N, and a pressure
difference of 250 Pa. Increasing velocity boosts drag, lift, and pressure differences. At
the same time, the flat surface enhances asymmetry, vortices, and swing at higher
speeds.

The dynamics of a cricket ball during delivery play a crucial role in determining the game's outcome.
Key factors such as ball velocity, seam orientation, and environmental conditions influence its interaction
with the surrounding airflow [1]. Understanding the aerodynamic behavior of a cricket ball is therefore
essential for optimizing game strategies and informing ball design [2]. Phenomena such as swing and drift
are direct consequences of the ball’s aerodynamic properties, and these are strongly linked to the physics
of airflow interaction with the ball’s surface [3,4]. Numerous studies, both experimental and numerical,
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have investigated the aerodynamics of cricket balls [5,6]. However, experimental investigations often
involve substantial costs and lack flexibility in controlling parameters [7].
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Computational Fluid Dynamics (CFD) provides an efficient alternative for studying the external flow
field around the ball in greater detail [8]. Among CFD tools, ANSYS Fluent offers comprehensive
capabilities for simulating a range of operating conditions, including velocity variations influenced by
boundary conditions. In professional cricket, the speed of a ball varies considerably depending on the
bowler’s style and technique [9,10].

Fast bowling is typically performed at speeds of 135-160 km/h (37.5-44.4 m/s) and is achieved
through a combination of body strength, momentum, and efficient transfer of kinetic energy during
delivery. Medium-fast bowling ranges from 110-135 km/h (30.5-37.5 m/s), while slow bowling or spin
bowling ranges from 70-95 km/h (19.4-26.4 m/s). The physical condition of the bowler, including muscle
strength, flexibility, and coordination, further influences delivery speed [11,12]. These biomechanical and
physiological factors play a significant role in determining the initial velocity imparted to the ball, which,
in turn, affects its aerodynamic behavior during flight. Consequently, variations in delivery style and speed
can produce markedly different aerodynamic responses in terms of drag, lift, and swing generation [13,14].

The aerodynamic forces acting on a cricket ball are primarily governed by drag and lift. Drag force,
which represents the resistance of the airflow to the ball’s motion, consists of pressure drag and skin friction
drag [15,16]. The Magnus effect, induced by ball rotation, creates asymmetric airflow patterns that generate
lift through pressure differentials, resulting in lateral deviation in the ball’s trajectory. The surface condition
of the ball can trigger a transition in the boundary layer from laminar to turbulent flow at specific velocities
[17,18]. In addition, the seam plays a critical role in facilitating controlled turbulence, which enhances
swing [19,20]. Understanding these aecrodynamic mechanisms is crucial for accurately predicting the ball’s
flight path and developing effective bowling strategies. These principles also have implications for ball
design, particularly in modifying surface features to achieve desired aecrodynamic effects.

Although prior research has addressed the aerodynamics of various sports balls, including cricket
balls, most studies have focused on experimental wind-tunnel measurements or numerical models of
generic spherical or near-spherical geometries. There is a lack of studies specifically analyzing cricket ball
aerodynamics that combine multi-speed CFD simulations with surface modification effects, particularly
replacing the seam with a flat protrusion, to systematically examine pressure distribution, vortex formation,
and the transition between laminar and turbulent flow. This gap is addressed in the present work through
three-dimensional CFD simulations in ANSYS Fluent at multiple velocities (20, 30, and 40 m/s), which
enable the quantification of drag and lift variations under different delivery conditions. The study is
designed to provide a rigorous understanding of how flow dynamics around a cricket ball are influenced by
both velocity and surface geometry. The results are expected to contribute to the advancement of
aerodynamic ball design, the refinement of professional bowling techniques, and the development of
performance optimization strategies in cricket [21,22].

Previous studies have examined the airflow dynamics around sports balls using both experimental
and numerical approaches. Table 1 presents the methods, study objects, and main findings from each
investigation, offering a comparative perspective on prior work in this field. The literature reviewed
encompasses a range of ball types, surface configurations, and flow conditions, enabling the identification
of key aerodynamic factors influencing ball performance. By synthesizing prior studies, the table provides
context for the current research and highlights the methodological and thematic differences this study
addresses. This structured comparison also reinforces the novelty of the present investigation, as it focuses
on specific cricket ball conditions that have not been extensively analyzed in earlier research. Most previous
research has focused on the aerodynamic analysis of sports balls such as soccer balls, baseballs, and tennis
balls, emphasizing the influence of panel geometry, seam patterns, and surface texture on drag and lift
forces. However, studies specifically investigating cricket ball aerodynamics using CFD, particularly those
evaluating the combined effects of varying airflow velocities and surface modifications (such as replacing
the seam with a flat protrusion) on pressure distribution, flow patterns, and vortex formation, remain
limited.
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Table 1. Previous research related to airflow dynamics on balls

Reference Method Object Findings
Surface geometry (panels &
3D modeling in SolidWorks seams) influences the drag
2019, CFD simulation in Smooth sphere and 32- coefficient and flight path;
[23] ANSYS Fluent 2019, ) ball panel size and attachment
validation with wind tunne] P2"¢ SOccerda method significantly affect
data from literature the ball's aerodynamic
properties.
Drag coefficient varies with
panel number and surface
Numerical CFD simulation Soccer balls with varying texture; the 32-panel ball
[24] including  gravity  effects; panel numbers (32-panel, shows an earlier transition
validated with wind tunnel 14-panel, etc.) and seam to a turbulent boundary
experiments types layer, delaying separation;
the drag crisis occurs
between 12 and 15 m/s.
Surface roughness height
CFD (ANSYS Fluent) with delays ~ boundary-layer
standard  k-epsilon  model, separation; spin pr.oduces
[25] transient  solver,  varying Baseball and tennis balls the Mggnus effect, CFD
Reynolds numbers, and snnu_latlons . a.ccurately
rotational conditions predict trajectories and
aerodynamic forces
compared with experiments.
LES captures turbulent flow
Large Eddy Simulation (LES) gtef;:cl:i' Zggms pi?gf:jéz
[26] in ANSYS Fluent, modeling Adidas Telstar 18 soccer boun dz;ry layer separation
Adidas Telstar 18 (6 panels) ball & smooth sphere o .
and a smooth sphere points; pangl d.e steh affects
pressure distribution and
ball trajectory.
Lift force varies by up to
CFD unsteady Reynolds- 20;%) and drag force by up to
[27] (RANS) with realizable 4- Baseball (four-seam rotation:  seams  affect
epsilon model, rotating ball fastball) ’ .
simulation in virtual wind boundary-layer separation
and cyclically
tunnel

enhance/reduce the Magnus
effect.

This study offers a novel contribution by integrating three-dimensional numerical simulations in
ANSYS Fluent with multi-speed analysis (20, 30, and 40 m/s), providing an in-depth understanding of
laminar-turbulent flow transition, pressure asymmetry induced by surface modifications, and their
implications for lift generation and swing behavior in cricket balls. The approach not only enriches the
existing body of sports aerodynamics literature but also serves as a strategic reference for designing more
aerodynamic cricket balls and developing optimized bowling techniques in professional gameplay.

2 Methodology

This study employs a CFD-based numerical simulation method using ANSYS Fluent software to
analyze the dynamics of airflow around a cricket ball [28,29]. This study aims to understand how various
pitching conditions affect the airflow patterns and aerodynamic forces of the cricket ball, as illustrated in

Figure 1.
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The boundary conditions applied in the simulation are depicted in Figure 2, where the fluid domain
is modeled with an inlet representing the constant air velocity specified by the test scenario, an outlet at
atmospheric pressure, and walls enclosing the computational domain. The cricket ball is positioned at the
center of the domain, with its surface defined as a stationary wall, while the airflow passes around it to
replicate real-game conditions. This configuration ensures the accurate analysis of pressure distribution,
vortex formation, and drag-lift behavior under various velocity conditions.
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Figure 1. Research flow diagram
Fluid Domain Wall

Cricket Ball Surface \

Inlet Air
Velocity Outlet

-_—
Figure 2. Boundary conditions for the current work
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2.1 Mesh file, geometry design, and modeling

The cricket ball is modeled in three dimensions, accounting for the standard dimensions used in
cricket matches. The cricket ball geometry model was simplified by replacing the original seam with a flat
surface having a slightly higher diameter to streamline the analysis [30]. The model was taken from the
ANSYS Innovation Course website, which provides the geometry and mesh references required for the
simulation [31]. The seam orientation on the cricket ball was modified in the simulation to reflect the
various pitching conditions that may occur during a match. This includes variations in seam orientation to
simulate the effects of different bowling techniques, such as swing bowling and seam bowling [32,33].

2.2 Simulation setup in ANSYS Fluent

e Flow model: The k-¢ Realizable turbulence model was used to predict the airflow pattern around a
cricket ball at high speeds. This model was chosen because it can handle complex turbulent flows
and provide realistic predictions of flow patterns.

e Boundary conditions:

- Cricket ball: In this simulation, the cricket ball is considered stationary, while the fluid domain
is a moving air duct with variable velocities (20, 30, and 40 m/s).

- Inlet: Constant air velocity according to the scenario being tested [9].

- Outlet: Atmospheric pressure is used as the boundary condition at the outlet to reflect the actual
environmental conditions [34].

e Material properties: Air is considered a Newtonian fluid with standard physical properties, namely
a density of 1.225 kg/m? and a dynamic viscosity of 1.81 x 107 Pa-s [35]. The use of these standard
physical properties aims to simplify the simulation and ensure comparable results with existing
literature [36,37].

2.3 Data analysis

In the discussion section, you should explain and compare the results you obtained with the
published paper or existing literature review. The findings and their implications should be discussed in the
broadest context possible. Future research directions may also be highlighted. Pressure distribution: The
CFD simulation will generate pressure distribution data around the cricket ball. This data will be analyzed
to understand how pressure variations around the ball cause the lift and drag forces acting on it.
Aerodynamic forces: Drag and lift are calculated from simulation data to quantify how airflow affects the
cricket ball as it moves through the air. These forces are essential for determining the ball's performance
under real game conditions.

4. Results and Discussion
4.1 Validation and sensitivity study

The simulation results will be validated by comparing them with existing literature data or similar
experimental results from previous studies. This validation is crucial to ensure that the simulation model
produces accurate predictions. Sensitivity Study: Sensitivity studies are conducted to ensure the stability of
the simulation results by varying numerical parameters such as mesh size and convergence tolerance. It
aims to determine how changes to the parameters affect the simulation results. This methodology is
designed to provide accurate and in-depth simulation results regarding the external airflow dynamics
around a cricket ball, particularly under real game conditions [38]. Using this approach, a better
understanding of the factors affecting the performance of a cricket ball under various pitching conditions
is expected [39,40].

Based on the validation results presented in Figure 3, the simulation data obtained in this study
demonstrate an excellent agreement with findings from previous research. The comparison shows that the
drag force from the reference was 1.45 N, while the simulation yielded 1.50 N, a difference of only 3.45%.
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Similarly, the lift force value from the reference was 0.78 N, compared to 0.80 N from the simulation, with
a difference of 2.56%. These relatively small discrepancies suggest that the CFD model employed in this
study accurately represents the aerodynamic phenomena surrounding a cricket ball. Therefore, the model
can be considered valid and reliable for further analysis of pressure distribution, flow patterns, and vortex
formation under various velocity conditions. This agreement also confirms that the mesh configuration,
boundary conditions, and turbulence model were implemented correctly, resulting in predictions consistent
with both experimental results and previous simulations.

=ik Reference s Simulation === Error

1,6 4,00%
1,4 F 3,50%
1,2 F 3,00%
1 F2,50%
z .
8 0.8 L 2,00% £
s i3
-
0,6 F 1,50%
0,4 F 1,00%
0,2 F 0,50%
0 - 0,00%
Drag Force Lift Force
Parameters
Figure 3. Validation with other research [41]
4.2 Result analysis

Based on the simulation of the external airflow around the cricket ball with three different speeds
(20, 30, and 40 m/s), the following results and analysis for each speed condition are shown in Figures 4-6.
Speed 20 m/s: At this speed, the pressure distribution around the ball shows a significant pressure difference
between the front and back of the ball. This creates a considerable drag force, but a relatively low lift force.
The airflow tends to be stable with minimal vortex patterns around the ball. Speed 30 m/s: With an increase
in speed to 30 m/s, the pressure distribution shows an increase in drag and lift forces. The airflow pattern
exhibits turbulent flow, with more complex vortices around the sphere. The pressure on the front of the ball
increases, leading to a larger pressure difference and greater aerodynamic forces. Speed 40 m/s: The
simulation's drag and lift forces reach their maximum values at this highest speed. The airflow around the
ball becomes highly turbulent, characterized by larger and irregular vortices. The pressure difference
between the ball's front and back sides becomes excessively high, creating strong aerodynamic forces that
significantly affect the ball's direction and speed. These simulation results indicate that airflow velocity
significantly affects the aerodynamic force on the cricket ball. Further analysis is required to understand
the practical implications of these findings in the context of a real cricket game. For 20 m/s, the mass flow
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rate data in Table 2 and Figure 4 show an inlet value of 50.306891 kg/s and an outlet value of -50.306901
kg/s, resulting in a negligible net imbalance of -9.3178824 x 10° kg/s.

Table 2. Mass flow rate of the velocity of 20 m/s
Parameters Value (kg/s)
Inlet 50.306891
Outlet -50.306901
Net

-9.3178824¢e-06
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Figure 4. Simulation results in ANSYS Fluent with a velocity of 20 m/s: (a) Velocity contour of airflow around the
ball, (b) Pressure on front and rear surfaces, (c) Velocity vector showing boundary layer and flow separation, (d)
Streamline of wake formation, (e) Velocity near upper region, (f) Velocity near lower region, and (g) Static

pressure and velocity field in the downstream wake
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This near-zero difference confirms that the simulation satisfies mass conservation and that
numerical errors due to discretization and convergence tolerance are minimal, thereby validating the
reliability of the CFD setup for subsequent aerodynamic force calculations. The stability of the mass flow
rate at this velocity aligns with the predominantly laminar flow and symmetric pressure distribution
observed in the simulation, indicating that the mesh resolution and boundary conditions are adequate to
capture steady-state airflow behavior around the ball. This agreement between numerical stability and
physical flow characteristics reinforces the accuracy of the results for the 20 m/s case before extending the
analysis to higher velocity conditions. At low speeds, the airflow around a cricket ball shows features that
influence its aerodynamic behavior. The pressure distribution is nearly symmetrical, with the highest
pressure at the stagnation point in front, where air first contacts the ball. At the rear, airflow separates and
forms a wake, creating a low-pressure zone. The resulting pressure difference is slight, producing less drag
and contributing to the ball’s stable flight. The flow pattern is predominantly laminar, in which air layers
move smoothly and in parallel, with little mixing or disturbance. In this state, aerodynamic resistance is
minimal, and stability is higher. A flat surface (replacing the seam in a simplified model) introduces only
slight disruption. At the back, separation still occurs, forming a small vortex, but not enough to cause swing.
Swing requires asymmetric airflow and stronger vortices, which are unlikely at low speeds because laminar
flow predominates.

Due to the dominance of laminar flow and the minimal transition to turbulence, the aerodynamic
drag at low speeds is relatively low. Drag force is the sum of pressure drag and skin-friction drag. Pressure
drag results from the pressure differential between the front and rear of the ball, while friction between the
air and the ball's surface causes skin-friction drag. At low speeds, the pressure drag is minimal due to the
slight pressure differential, and skin friction drag is also low because the smooth laminar flow reduces
friction. Consequently, the ball experiences less air resistance as it travels, resulting in a more stable and
predictable trajectory. This stability helps maintain a consistent path with minimal deviation, making it
easier for bowlers to control their deliveries. Several key differences emerge when comparing airflow
characteristics at low and high speeds. At higher speeds, the flow transitions from laminar to turbulent
much earlier, leading to increased turbulence and larger vortices. This transition significantly affects the
pressure distribution around the ball, resulting in a larger pressure differential between the front and rear.
As a result, the aerodynamic drag and lift forces increase, making the ball’s trajectory more complex and
less predictable. In contrast, the low-speed environment allows for a more controlled and stable airflow,
with less turbulence and fewer aerodynamic forces acting on the ball [42]. This stability is particularly
beneficial for bowlers who rely on precision and consistency in their deliveries. The minimal aerodynamic
drag at low speeds helps the ball maintain its intended path, making it easier to target specific areas on the
pitch and execute strategic plays.

Understanding airflow behavior at low speeds has practical implications for both bowlers and
cricket ball manufacturers. Bowlers can utilize the knowledge of low-speed aerodynamics to refine their
techniques and improve their accuracy. By recognizing the conditions under which the ball exhibits stable
flight, they can adjust their bowling strategies to exploit these characteristics. For instance, bowlers may
focus on maintaining a consistent low-speed delivery to achieve greater control over the ball’s movement.
Manufacturers can also benefit from this understanding by designing cricket balls that enhance the desired
aerodynamic properties at low speeds. Optimizing the ball's surface texture and material can influence the
airflow pattern and reduce unwanted aerodynamic disturbances. This can result in cricket balls that offer
better performance and consistency, particularly in conditions where low-speed deliveries are prevalent. In
conclusion, the airflow around a cricket ball at low speeds is characterized by a symmetrical pressure
distribution, laminar flow, and low aerodynamic drag. These features contribute to the stability and
predictability of the ball’s trajectory, providing advantages for bowlers who seek precision and control in
their deliveries. The minimal pressure differential and reduced turbulence ensure the ball moves steadily
through the air without significant deviations.

By leveraging this understanding, bowlers can enhance their techniques and manufacturers can
design better-performing cricket balls. The insights gained from studying low-speed aerodynamics can be
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applied to various aspects of the game, ultimately improving cricket's overall performance and enjoyment.
Whether through strategic bowling or innovative ball design, understanding airflow dynamics at low speeds
is crucial to the sport. For the 30 m/s case, the mass flow rate results in Table 3 indicate an inlet value of
75.460373 kg/s and an outlet value of -75.464958 kg/s, producing a net imbalance of -0.0045852661 kg/s.
Although the net difference is slightly larger than in the 20 m/s case, it remains within an acceptable
tolerance range for CFD simulations and still satisfies the principle of mass conservation. The slight
deviation can be attributed to increased turbulence intensity and more complex vortex structures observed
at this speed, which introduce minor numerical fluctuations in the flow field. Nevertheless, the accuracy of
the mass balance confirms that the mesh quality and boundary conditions remain appropriate for capturing
the turbulent airflow regime at 30 m/s (see Figure 5), thereby supporting the validity of subsequent analyses
of aerodynamic forces and pressure distributions at this velocity.

Table 3. Mass flow rate of the velocity of 30 m/s

Parameters Value (kg/s)
Inlet 75.460373
Outlet -75.464958
Net -0.0045852661

[ T erera——— | peorey o |

S hasys
= i

Tt STwoBNT |

Figure 5. Simulation results in ANSYS Fluent with a velocity of 30 m/s: (a) Velocity vectors, (b) Pressure gradient
front—rear, (c) Upper flow separation, (d) Lower delayed separation, (¢) Asymmetric wake, (f) Laminar—turbulent
transition, (g) Front-rear pressure contrast, (h) Flow deflection by seam, and (i) Low-pressure wake
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Figure 5. Cont.

When a cricket ball moves at medium speed, the surrounding airflow pattern becomes more
complex than at low speed. Although high pressure remains in the area in front of the ball at medium speeds,
the pressure difference between the front and back sides is greater than when the ball moves at a speed of
20 m/s. This is due to increased velocity, which results in a greater pressure force in front of the ball and a
lower pressure force behind it, caused by the separated flow. The sphere's flat surface leads to the formation
of larger vortices than at low velocities. The transition of flow from laminar to turbulent occurs on one side
of the sphere, resulting in a more complex flow pattern. The resulting vortices begin to influence the ball's
direction of movement, amplifying the drag forces acting on it. At this speed, lift forces become apparent
due to a more pronounced pressure difference between the top and bottom of the ball.

This lift force can affect the ball's direction, especially if it is given spin on the throw. In addition,
the force of drag increases significantly compared to low speeds, due to the more dominant turbulent flow
around the sphere. At medium speeds, the swing effect starts to appear more clearly due to the interaction
between the vortex and the pressure difference generated by the flat surface of the ball. The bowler can use
this swing to fool the batter with a sudden change in ball direction. By understanding the dynamics of
airflow at medium speeds, bowling strategies can be adjusted to maximize the swing effect and increase
the chances of getting wickets [43]. For the 40 m/s case, the mass flow rate data in Table 4 and Figure 6
show an inlet value of 100.6138 kg/s and an outlet value of -100.61006 kg/s, resulting in a net imbalance
0f-0.0062561035 kg/s.

Table 4. Mass flow rate of the velocity of 40 m/s

Parameters Value (kg/s)
inlet 100.6138
outlet -100.61006

net -0.0062561035
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Figure 6. Simulation results in ANSYS Fluent with a velocity of 40 m/s: (a) Velocity vectors and strong deflection,
(b) Steep front—rear pressure gradient, (¢c) Upper flow separation and large vortices, (d) Turbulent asymmetric
wake, (e) Low-pressure wake causing swing, (f) High turbulence near separation, (g) Lower flow reattachment, and
(h) Elongated drag-dominated wake

This slight deviation from perfect mass balance remains within an acceptable numerical tolerance
and does not compromise the validity of the simulation results. The marginally higher imbalance compared
to the lower-velocity cases can be attributed to the strongly turbulent, highly irregular vortex structures that
dominate at this speed, which inherently increase numerical instability in CFD calculations. Nonetheless,
the close agreement between inlet and outlet mass flow rates confirms that the computational setup reliably
captures the complex aerodynamic behavior of the cricket ball at high velocity, providing a sound basis for
interpreting the corresponding drag, lift, and pressure distribution results.

Flow separation occurs earlier at high speeds, resulting in a greater low-pressure area behind the
cricket ball. The flat surface on the ball increases the pressure asymmetry, significantly affecting the swing
force. High pressure in front of the ball and low pressure behind create a sharp difference, amplifying the
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aerodynamic forces at work. At high speeds, the airflow around the cricket ball becomes predominantly
turbulent. The flat surface amplifies this asymmetry, resulting in large vortices around the back of the ball.

These vortices create stronger disturbances, increasing the complexity of the airflow around the ball
and ultimately affecting its direction and stability. Under these conditions, the drag force reaches its
maximum, impeding the ball's motion more than at low or medium speeds. However, the more dominant
lift force at high speeds gives the ball more opportunity to swing. This lift force results from the significant
pressure difference between the top and bottom sides of the ball, which is amplified by the turbulent flow
pattern. The flat-surface effect on the ball causes more pronounced asymmetric disturbances, which are a
key factor in generating the swing effect at medium to high speeds. This flat surface triggers a faster
transition of the flow from laminar to turbulent, increasing the drag force and enlarging the vortex behind
the ball. This phenomenon is consistent with fluid mechanics theory, which states that turbulent flow
magnifies aerodynamic forces, making the flow around objects such as cricket balls more complex and
dynamic. Figure 7 shows the relationship between velocity and aecrodynamic parameters.

=== Difference Pressure (Pa) Drag Force (N) Lift Force (N)
300 4
F 3.5
250 ’
3
= 200
3 (292
150 L2
2 5
O - ~
£ 100 15
ol
50 % gE | 0’5
0 = -0
1 2 3
Velocity Inlet (m/s)

Figure 7. Graph of the relationship between speed and aerodynamic parameters

The drag force experienced by a cricket ball increases exponentially as its speed increases. Drag
force is the resistance exerted by the air against a moving ball, and it increases dramatically with increasing
ball speed. The drag force is relatively small at low speeds, but as the ball speed increases to medium and
high speeds, the drag force becomes much greater. This is because drag is directly proportional to the square
of the airflow velocity. Thus, an increase in speed from 20 m/s to 40 m/s results in a much larger increase
in drag force than an increase in speed from 10 m/s to 20 m/s. This phenomenon affects the stability and
distance the ball can travel in a cricket match. The lift force acting on the cricket ball also increases
significantly at higher speeds. The lift force is generated by the pressure difference between the top and
bottom sides of the ball, which is caused by the unsymmetrical airflow. The lift force tends to be small at
low speeds because the airflow is more stable and laminar. However, this pressure difference at medium
and high speeds increases as the airflow becomes more turbulent and vortices become more dominant,
resulting in a stronger lift force. This increased lift force enables the ball to swing or turn more sharply,
which is highly beneficial for the bowler to deceive the batsman.

The pressure difference between the front and back sides of the ball increases with speed, affecting
the overall aerodynamic force. This pressure difference is relatively small at low speeds, as the airflow is
more stable and there is little flow separation. However, flow separation occurs earlier at medium and high
speeds and is more pronounced, resulting in a larger pressure difference. The high pressure in front of the
ball and the low pressure behind the ball create greater drag and lift forces. This pressure difference is
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crucial to the swing effect, especially at high speeds, where vortices and turbulence prevail. The flat surface
of the cricket ball causes significant asymmetric disturbances in the surrounding airflow.

This disturbance triggers a faster transition of the flow from laminar to turbulent, increasing the
drag force and amplifying the vortices behind the ball. This is consistent with fluid mechanics theory, which
states that acrodynamic forces are magnified by turbulent flow, making the flow around the object more
complex and dynamic.

5 Conclusions

This study successfully analyzed the external airflow dynamics around a cricket ball at various speeds
using CFD simulations in ANSYS Fluent. The main points of the conclusion are as follows: At low speeds
(20 m/s), the flow is typically laminar, and the pressure distribution is relatively symmetrical. High pressure
is concentrated in the area in front of the sphere, while low pressure behind the sphere is due to flow
separation. At increasing velocities (30 m/s and 40 m/s), the flow transitions from laminar to turbulent. At
30 m/s, the flow pattern shows a significant disturbance around the sphere, which triggers the formation of
vortices.

At high speeds (40 m/s), the airflow around the sphere becomes highly dynamic, forming large
vortices that amplify the aerodynamic effects. The drag force increases exponentially with speed. At low
speeds, the drag force is relatively small and has little impact on the ball's movement. However, the drag
force increases dramatically at medium to high speeds due to more turbulent airflow and earlier flow
separation. At high speeds (40 m/s), the lift force becomes more significant due to the flow asymmetry
amplified by the flat surface of the sphere. This lift force significantly contributes to the resulting swing
effect, enabling the ball to turn sharply after being thrown. The pressure difference between the front and
back sides of the ball increases with speed. The pressure distribution is symmetrical at low speeds with a
slight pressure difference. However, as speed increases, the flat surface of the cricket ball creates flow
disturbances that generate vortices and a larger pressure difference. At high speeds, high pressure at the
front of the ball and low pressure at the back create strong aerodynamic forces that significantly affect the
ball's direction and speed. Simplifying the sphere model by replacing the seams with flat surfaces yields
results relevant to the study of aerodynamic effects. The sphere's flat surface can trigger asymmetric flow
patterns and amplify the swing effect, especially at medium to high speeds. These flat surfaces make the
airflow more turbulent, leading to larger vortices around the sphere, which increase the pressure difference
and the lift force acting on it. This suggests that modifications to the ball geometry can be effectively used
to simulate different playing conditions and predict ball performance in various scenarios.

The results of this simulation provide essential insights for bowlers on how to utilize pitch speed and
ball orientation to create an optimal swing effect. Understanding the airflow dynamics around a cricket ball
can help bowlers organize their bowling strategies to outwit batters and increase their chances of taking
wickets. For example, at medium to high speeds, bowlers can use the dominant lift force to make the ball
turn sharply, making it difficult for batsmen to predict its direction. This research opens up wider
opportunities to understand the aerodynamics of cricket balls and improve on-field game strategies. We can
explore various playing conditions using CFD simulations and develop new techniques to improve player
performance. The results of this study can also serve as a basis for more in-depth follow-up studies on other
factors that affect the aerodynamic forces on cricket balls, such as weather conditions, ball wear, and
different throwing techniques.
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