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Abstract 

Football is considered as the most popular sports today and is played widely around the world. 

Due to increasing technological advancements and demand for better performance, the football 

manufacturers have been developing new designs progressively since its inception over 110 

years ago. A traditional spherical football made of 32 leather panels stitched together in 1970s, 

has become 14 thermally bonded synthetic curved panels in 2006, 8 thermally bonded panels 

in 2010 and more recently 6 thermally bounded polyurethane panels in 2014 and innovative 

six panels design in 2018. The soccer balls having varied panels shape, number, and seam 

configurations have different aerodynamic behavior and flight characteristics.  

Unlike other sports balls i.e. golf, cricket and tennis etc., very few research studies have 

attempted to examine the aerodynamics characteristics of the different soccer balls. Most of 

the studies conducted in the past in the area of soccer ball aerodynamics are of experimental 

nature and involved measurement of the forces such as drag and lift using wind tunnel testing. 

To the best of our knowledge, very little research has been performed on simulating the flow 

around different soccer balls having specific panel shape using computational fluid dynamic 

(CFD) techniques. The CFD analysis will allow an effective estimation of fully turbulent 

around the different soccer balls. 

The aim of this research is to understand the effect of panel shape on soccer ball aerodynamics 

using computational fluid dynamics techniques. The whole study is divided into two phases. 

In the first phase, the turbulent air flow around a static sphere is investigated numerically for a 

range of Reynolds numbers using finite volume method based commercial software ANSYS® 

Fluent. In order to choose a suitable turbulence modeling approach, the results obtained from 

LES are compared with computations from BSLRSM. In the later phase, the turbulence 

modeling approach found adequate for predicting the complex flow field features around the 

smooth sphere, is used for simulating the flow around the two soccer balls (Adidas Telstar 18 

and Brazuca) having six number of panels and panel shape as well as different seam 
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configuration. So the simulations are performed at the different incoming flow velocities 

ranging from 7m/s to 35m/s. 

It was observed that RANS based turbulence modeling approach can be used for simulating 

the flow around a sphere in the laminar flow regime (𝑅𝑒 ≤ 104). However, for higher 

Reynolds number (𝑅𝑒 > 104), LES is a more appropriate choice. Both Brazuca and Telstar 

18 have approximately the same critical speed. Telstar 18 has a smaller drag coefficient than 

that of Brazuca in the narrow speed range. Nevertheless, Telstar 18 mostly has slightly larger 

drag coefficients. In case of Brazuca, he boundary layer separation take place around 98o, 

however, in case of Telstar-18 the separation angle is around 101o. 8. It is observed that the 

effect of the panel shape and seam configuration are more significant on the flow field around 

the soccer balls as compared to soccer ball drag coefficient. 
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CHAPTER 1:                      INTRODUCTION 

 

  1.1 Background 

 The football game is world’s most popular, played and loved sport. The Fédération 

Internationale de Football Association (FIFA), being the highest governing body of football, 

sets the specification requirements for soccer balls used in prestigious, international soccer 

competitions such as the FIFA World Cup and Olympic Games.  In the ensure fair and exciting 

matches, FIFA has devised different rules regarding equipment to be used, field of play, results 

settling and even the conduct of participants.  

FIFA introduced its quality Programme in 1995 with the aim to standardize and improve the 

quality of footballs.  It is a rigorous testing procedure for the soccer balls before declaring them 

suitable for any competitive play. It also incorporates the recent technological developments 

to meet the increasing demand for better performance. In order to qualify for the “FIFA 

Inspected” label, it is compulsory for every football to pass seven laboratory tests. Features 

like circumference, sphericity, rebound height, water absorption, weight, internal pressure loss 

and size/shape retention after prolonged use are analyzed during these tests. However, no 

restrictions have imposed on the surface design/geometry of the soccer ball due to which the 

football manufacturers have been developing new designs progressively since its inception 

over 110 years ago [1}.    
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Figure 1.1. Evolution of the soccer ball since 1930 [1] 

Adidas Telstar used for the 1970 Mexico World Cup Finals had 32 panels (20 hexagonal and 

12 pentagonal panels). In order to enhance the performance characteristics of Adidas Telstar, 

during 2002 World Cup, a refined syntactic foam layer was added to it.  The conventional 32 

panel design was replaced by 14 thermally bounded curved panels Teamgeist used in 2006 

World cup.  Adidas Jabulani was the official match ball for the 2010 FIFA World Cup. It 

consisted of 8 thermally bounded panels and a textured surface to improve its aerodynamic 

performance. Adidas Brazuca and Telstar 18 were the match balls for the 2018 and 2014 World 

Cups, respectively. Both of these balls have same panel number (six thermally bonded textured 

panel) but totally different panel shapes.  

  1.2 Surface Structure Effect on Soccer Ball’s Aerodynamics 

The soccer balls having varied panels shape, number, and seam configurations have different 

aerodynamic behavior and the flight characteristics [2-7]. For example, the total seam length 

of Brazuca was 68% more than that of Jabulani’s. Due to increase in the seam length the total 

surface roughness of the ball was also increased. This helped in pushing its drag crises to a 

lower Reynolds number than Jabulani while keeping the drag coefficient constant during the 

speed ranges common for corner and free kicks [8]. 
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1.3 Research Objectives 

The aim of this research is to understand the effect of panel shape on soccer ball aerodynamics 

using computational fluid dynamics techniques. Following objectives have been set to achieve 

this aim 

1. Simulate the flow field around a smooth sphere having same dimensions as that of soccer 

balls under consideration (Adidas Brazuca and Telstar 18) using unsteady RANS 

(URANS) and LES.  

2. Selection of an appropriate turbulence approach for calculation of turbulent flow around 

spherical objects. 

3. Simulating the turbulent flow over the two soccer balls Adidas Brazuca and Telstar 18 

using a suitable turbulence modeling approach. 

The main reason for choosing Adidas Brazuca and Telstar 18 for the current study is the fact 

that both of these balls have the same number of panels.  

  1.4 Research Methodology 

In order to investigate the understand the effect of panel shape on soccer ball aerodynamics, 

the whole study is divided into two phases. In the first phase, the turbulent air flow around a 

static sphere is investigated numerically for a range of Reynolds numbers using finite volume 

method based commercial software ANSYS® Fluent. In order to choose a suitable turbulence 

modeling approach, the results obtained from LES are compared with computations from 

BSLRSM. 

In the later phase, the turbulence modeling approach found adequate for predicting the complex 

flow field features around the smooth sphere, is used for simulating the flow around the two 

soccer balls having varied number of panels and panel shape as well as different seam 

configuration. The effect of panel shape on soccer ball aerodynamics is analyzed. The overall 

research methodology implemented in the current research is also illustrates in Figure 1.2. 
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Figure 1.2.  Research methodology 

   1.5 Contributions 

Although, flow around the different soccer balls have been extensively studied using 

experimental techniques. A very few studies examined the aerodynamic behavior of the 

different soccer balls having varied number of panels and seam configurations using 

Computational Fluid Dynamic (CFD) techniques.  

  1.6 Relevance to National needs 

Sports goods industry of Pakistan has a reputable standing in the international market for its 

superior quality sports goods. During the year 2015-16, the share of Pakistan sports goods was 

around 1.51% in the total exports with football as major export product having 43% share of 

total sports goods exported in 2012-13[9]. Various famous global brands like Nike, Puma, 

Adidas, Decathion, Select, Litto, etc. have their soccer balls produced in Sialkot. 

• Problem definition

• Review of existing literature

• Identificatio of missing links/gaps

Literature Review

• Flow simulation around a smooth sphere using URANS and LES

• Comparision of simulated results with available data

• Selection of a suitable turbulence modeling approach by comparing the results 
obtained from LES with computations from BSLRS

CFD Simulation of the flow over a Smooth Sphere

• CFD analyses of the flow around two soccer balls

• Analyzing the effecf of panel shape on soccer ball aerodynamics 

Computations of the Complex Turbulent Flow around 
Soccer Ball
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The research focused on the aerodynamic study of the different soccer balls using 

computational fluid dynamic techniques will pave the path for future research in the area of 

sports aerodynamics. 

1.7 Organization of the Thesis 

  Chapter 1 --- Introduction  

This chapter provides a brief summary of the historical evolution of the soccer ball surface 

geometry with respect to the shape, number, and orientation of their panels.  The underlying 

objectives of the current research and adopted research methodology adopted is also outlined. 

 Chapter 2 --- Literature Review  

This chapter provides a brief overview of the research in the area of soccer aerodynamics. 

 Chapter 3---Methodology 

This chapter provides a comprehensive overview of the mathematical models and 

computational setup used in this research project. 

Chapter 4 --- Results and Discussion  

This chapter includes a discussion of the main findings from the research.  

Chapter 5 --- Conclusions and Future Work  

The summary of important conclusions derived from the current research are presented. 

Recommendations for future efforts in this area are also suggested in this chapter. 
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CHAPTER 2:                  LITERATURE REVIEW 

 

The previous research conducted on the aerodynamics of the soccer balls can be divided into 

two broad categories.  The first category includes the studies that measures the aerodynamic 

properties of the different soccer balls using wind tunnel testing and computational fluid 

dynamics techniques. The second category deals with the research related to the soccer ball 

trajectory analysis. An overview of the different research studies under these categories is 

given in the following paragraphs. 

2.1  Measurement of Soccer Ball’s Aerodynamic Properties 

  2.1.1 State of Experimental Work 

The previous studies in the area of soccer ball aerodynamics, mostly involved wind tunnel 

testing. M. J. Carré et. al. [10] used the wind tunnel measurements for soccer ball to study the 

effect of boundary layer transition from laminar to turbulent behavior on the drag coefficient 

at high Reynolds number. For spinning soccer balls, the reverse Magnus effects were observed 

at low Reynolds numbers (as shown in Figure 2.1). The seams on the soccer ball surface also 

resulted in a more predictable Magnus behavior. 

 

                   Figure 2.1 Magnus coefficient for spinning balls over a range of velocities [10]. 
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T. Asai et.al. [11, 12] performed the wind tunnel experimentation to compare the aerodynamic 

coefficients of the static and rotating soccer balls. A titanium tetrachloride visualization 

method was also used to study the vortex dynamics of soccer balls in flight. During the 

visualization experiments it was observed that the boundary-layer separation point for a non-

rotating ball was around 90° during a low-speed kick (5 m/s), and receded to approximately 

120° during a high-speed kick (29 m/s).  

 

               Figure 2.2 Wide-angle view of the vortex pathway for a non-rotating ball [11, 12] 

The aim of the experimental study conducted by L. Oggiano, and L. Sætran [13] was to 

measure the drag and side forces of the different soccer balls in the static and spinning 

conditions. By implementing the experimental data in a Matlab routine, the free kick 

simulations were performed. It was concluded that the panel shapes, panel number, surface 

dimples and different seaming have a substantial effect on the the flight trajectories of the 

different soccer balls (shown in Figure 2.3). 

M.  Passmore, et.al. [14] Conducted the wind tunnel testing to measure important factors 

including Reynolds sensitivity effects, Magnus effects, and low spin rate orientation (knuckle) 

effects and unsteady aerodynamic loads of the several FIFA approved footballs. It was 

concluded that the different drag characteristics and unsteady aerodynamic loads of these 

soccer balls had a limited effect on their unpredictable flight behavior. However, significant 

differences in the lateral aerodynamic forces for these balls resulted in different flight path in 

both spinning and slowly rotating conditions. 
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Figure 2.3. Simulated trajectories of the four different soccer balls [13] 

The purpose of the experimental study conducted by T. Asai et. al. [15] was to compare the 

basic aerodynamic characteristics of an 8-panel soccer ball (Adidas Tango 12) with those of a 

new 32-panel soccer ball (for Euro 2012). It was observed that critical Reynolds number (3.3 

× 105) for 8-panel ball was slightly higher than that of new ball (2.4×105). Similarly, the drag 

coefficient of the new 32-panel ball was found much closer to that of a golf ball than an 8-

panel soccer ball (as shown in Figure 2.4).  

 

Figure. 2.4. Drag coefficient versus Reynolds number curves for 8-panel ball (Jabulani) and new ball 

(Tango 12) [15] 
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T. Asai and K. Seo [16] performed a steady state analysis of the four different soccer balls with 

varied number of panels i.e. Adidas Tango 12, Adidas Roteiro, Adidas Teamgeist II, and 

Adidas Jabulani having 32, 32, 14 and 8 panels respectively. The parameters recorded during 

these experiments include drag coefficient and critical Reynolds numbers. The effect of the 

drag coefficient on the flight trajectory and ranges was analyzed with the help of simple 2D 

flight trajectory simulation.  A strong correlation was found between the critical Reynolds 

number and the total seam length on the soccer balls.  

F. Alam et. al. [17-20] experimentally evaluated the aerodynamic forces and moments for 

several FIFA-approved soccer balls over a range of wind speeds. The non-dimensional drag 

coefficients were also calculated and compared. In a similar experimental study performed by 

F. Alam et. al. [6], the effects of surface structure on the aerodynamics performance of six 

different soccer ball was evaluated. It was reported that surface structure has a significant effect 

on the flow regime around different balls and their drag coefficients. 

S. Hong et.al. [22], presented the results of their experimental study in which the trajectory 

and aerodynamic characteristics of the four different soccer balls having varied panel number 

and panel shape, were examined. The experimental results indicated that panels number and 

their orientation has a significant effect on the aerodynamic forces.  Similarly, the panel shape 

and orientation were more important as far as the flight trajectory of the soccer balls was 

concerned. 

J. E. Goff et.al. [8] reported the results of wind tunnel measurement of the drag coefficient for 

non-spinning Jabulani and Brazuca balls.  The critical drag speed of Brazuca was found lower 

and super-critical drag coefficient was higher than that of Jabulani. The drag data was also 

used in simulating the trajectories of these soccer balls. 

S. Hong and T. Asai [7] studied the effect of surface dimples on the aerodynamic 

characteristics of the 10 different soccer balls and confirmed that existence of dimples on the 

ball surface had a considerable effect on the aerodynamic forces. In a similar experimental 

study performed more recently by S. Hong et.al [25], the aerodynamics of the five different 

soccer balls (each having 32 panels with different surface structures) were examined via wind-

tunnel experiments.  



10 
 

  2.1.2 State of Computational Work 

M. J. Carré et.al. [26] analyzed the effect of incoming flow velocity and spin conditions on the 

aerodynamic properties of a generic soccer ball using wind tunnel testing and computational 

fluid dynamics. S. Barber et.al. [27] used CFD to evaluate the effect of seam width and 

sharpness on the ball’s aerodynamic behavior. In another numerical study performed by S. 

Barber et.al. [28], the Reynolds Averaged Navier–Stokes approach with the realizable k-ε 

turbulence model was used to calculate the drag, lift and side force coefficients as well as the 

pressure distributions near the stagnation point. 

 

 

Figure 2.5. Drag Coefficient vs. Reynolds Number for three soccer ball and a Smooth Sphere [27] 

 P. Jalilian et. al. [29] used computational fluid dynamics to analyze the effects of spin rate and 

surface pattern on the aerodynamic forces acting on different sports ball (baseball, volleyball 

and two soccer balls). A strong correlation was observed between ball spin rate and the drag 

and lift forces acting on these balls.  
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Figure 2.5. The surface shear stress distributions for (a) volleyball, (b) the 86-panel soccer ball, (c) the 

generic soccer ball and (d) baseball [29]. 

Rohr [30] calculated the aerodynamic effects of the seam on a two-dimensional representation 

of a non-rotating soccer ball using CFD. The effects of the seam on the boundary layer and 

overall transient flow structure was modeled using a transitional solver. The author reported a 

local effect of the seam on the skin friction however this effect was not strong enough to delay 

the separation point as predicted by previous literature. S. B. Hussain et. al. [31] performed a 

numerical study of a smooth sphere and a 32-panel conventional soccer ball to analyze the 

effects of surface geometry on the aerodynamic characteristics of the soccer ball. K-epsilon 

turbulence model was used. The calculated results were compared with available numerical 

[28] and experimental results. 

 

Figure 2.5. Comparison between the calculated and available results [28] 
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T. Asai et.al. [32] used lattice Boltzmann method, wind tunnel testing and free-flight 

experiments to investigate the aerodynamic characteristics and flow field around a soccer ball. 

It was concluded that the trajectory of the spinning ball is stable and regular even after the 

deflection due to the shifting of the boundary layer separation points. 

   2.2 Trajectory Analysis 

Trajectory analysis is a method for studying soccer balls in environments more representative 

of game play than those provided by wind tunnels [33-36]. Such analyses mostly require a ball 

launcher and optical or radar-based sensors for measuring the spatial co-ordinates of the 

trajectory [37, 38]. Although the wind tunnel testing is a natural choice for studying the 

aerodynamics of different soccer balls. During a wind tunnel test, air is moved across a ball 

while sensors measure the magnitude and direction of force. The calculation of the 

aerodynamic characteristics using trajectory analysis has several advantages over the wind 

tunnel experimentation e.g. it eliminates the use of a support rod which may affect 

aerodynamic studies in wind tunnels, and can calculate lift coefficients in regions inaccessible 

by many wind tunnels [34]. 

 

Figure 2.6. Trajectory analysis setup example [36] 
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Researchers have used trajectory analysis to study the dominant interactions between ball and 

air [39].  The information related to boundary layer separation can also be extracted using this 

method [40]. The two most important kicks in the football game i.e. a direct free kick and a 

corner kick can be modelled using this technique [33, 41]. More recently, wind-tunnel 

experimentation and trajectory analysis were combined to show the increased aerodynamic 

stability of the Brazuca (used in the 2014 World Cup) over the Jabulani (used in the 2010 

World Cup) [8]. 

  2.3 Missing Links in Literature and Purpose of this Work 

The previous studies in the area of soccer ball aerodynamics, mostly involved measurement of 

the forces such as drag and lift using wind tunnel testing. A few studies examined the 

aerodynamic behavior of the different soccer balls having varied number of panels and seam 

configurations using Computational Fluid Dynamic (CFD) techniques. A detailed CFD 

analysis is required for effective comparative estimation of fully turbulent around the different 

soccer balls. 

  The aim of this study to fill the gap in the previous computational research by the precisely 

modelling the effects of the panel shape on a soccer ball aerodynamics using CFD. For this 

purpose, two different turbulence modeling approaches were used i.e. RANS BSLRSM and 

LES. The effect of different panel shape on the boundary layer separation point, and overall 

wake structure are observed. This study, in tandem with experimental work, will creates a well-

rounded analysis of the effects of panel shape on soccer ball aerodynamics. 
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CHAPTER 3:                      METHODOLOGY 

 

In this chapter, a detailed overview of the computational setup used in this research project is 

described. It includes a systematic explanation of each step carried out in the CFD analysis 

from geometry modeling, grid generation, selection of appropriate turbulence model, flow 

parameters, boundary conditions, solver setting to convergence criteria. To check the validity 

of the computational setup, experimental results will be compared with the numerical results 

obtained in CFD analysis.  

The use of Computational Fluid Dynamics (CFD) techniques to simulate the flow around 

geometrically complex shapes such as airplanes, cars, ships, and combustor has become a 

common engineering practice since last few decades. Computational Fluid Dynamics being a 

very powerful tool, is used in design engineering, optimization, structure analysis and many 

other applications.  A number of available general purpose CFD codes like OpenFoam, Fluent, 

CFX, X-FLOW, COMSOL and STAR-CCM+, etc. can be used to perform such studies. The 

availability of an excellent preprocessing software component is considered as a strength of 

any CFD code. It allows robust meshes to be constructed around very complicated shapes, and 

the number of quite advanced turbulence models contained within them. Whilst these codes 

are now also developing the ability to handle problems with moving and deforming meshes, 

these features are typically structured around particular geometries of commercial importance, 

such as piston motion in cylinder blocks, fan blades in cyclones and stores separation from 

aircraft. 

In this report we have simulated the flow around a smooth sphere and two different soccer 

balls using the finite volume method-based code ANSYS® Fluent over a range of Reynolds 

numbers (Re). The purpose was to cover the different flow regimes, varying from laminar 

steady-state flow near Re = 100 to turbulent flow at Re = 106. 

   3.1 Theoretical Background 

Computational Fluid Dynamics (CFD) refers to the use of different numerical techniques to 

give the approximate solution of governing equations of fluid flow. As mentioned earlier, 
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commercially available software ANSYS® Fluent is employed as the computational solver in 

this study. The equations governing the current fluid flow problem are explained initially 

followed by the details of the available turbulence models and reasoning for the selection used 

for this study. Finally, a detailed explanation of the overall framework for the solution process 

provided. 

   3.1.1 Governing Equations 

The fundamental governing equation of fluid dynamics i.e. Continuity, Momentum, and 

Energy equations are based on the universal laws of conservation of mass, momentum and 

energy respectively. The detailed derivation of these equations can be found in [43] In the 

present research, three-dimensional flow of a viscous, incompressible fluid is considered. The 

resulting governing equation i.e. continuity and momentum take shape  

1. Continuity: 𝛁∗𝑽=0 

2. Momentum: 𝜌
𝜕𝑉

𝜕𝑡
=𝜌𝒇−𝛁𝑝+𝜇∇2𝑽 

Where ρ and 𝑽 are the fluid density and velocity respectively. Whereas 𝒇 is body force, and 𝜇 

is the coefficient of dynamic viscosity. The above two equations along with the energy 

equation are mostly referred as Naiver Stokes (NS) equations. A turbulence model is required 

to numerically solve the governing unsteady NS equations for any turbulent flow problem.  

   3.1.2 Turbulence Model 

The most accurate approach for simulating turbulent flows is called the direct numerical 

simulation (DNS). This method is devoted to find the direct solution of the unsteady NS 

equations and does not need any additional closure equations. As the DNS method resolves 

even the smallest eddies and time scales of turbulence within a flow domain, extremely small 

time steps and very fine grids are required to find accurate solutions. Due to these restrictions, 

DNS method is mostly applied to low Reynolds number flows and small-size computation 

domains. Therefore, DNS will not be used to simulate the current high Reynolds-number 

complex flow [43-46]. 

Another option is the use of Large-eddy simulation (LES) solvers which accurately predicts 

the large scale turbulent structures within the flow domain and uses subgrid scale model to 
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represent the smaller scale eddies. This results in a major reduction in the computational cost 

compared to DNS. Though LES only resolves the large scale eddies, an extremely fine grid is 

still required to resolve energy-containing eddies. This method has been successfully used for 

solving numerous high Reynolds number flow problems [47, 48] 

In some cases, one might not need the detailed instantaneous flow simulations and only be 

interested in the steady-state fluid flow. This approach leads to a profound reduction in the 

computational time and forms the basis for the Reynolds-averaged Navier–Stokes (RANS) 

technique. In RANS approach, only the averaged quantities are solved and a suitable 

turbulence model is used to capture all the scales of instantaneous turbulent motion. Owing to 

the modest computing requirement of RANS based solvers, they have been widely used in the 

industrial CFD applications. However, in many cases where the information regarding the 

transient flow behavior is required, RANS approach is not sufficient.  

In RANS approach, the time averaged terms in continuity and momentum equations are written 

with bars as shown below [50]: 

1. Continuity:   
𝛛𝐮̅ 𝒋

𝝏𝒙𝒋
 = 0, 

2. Momentum:   
𝝏

𝝏𝒕
(𝛒𝐮̅ 𝒊)  + 

𝝏

𝝏𝒙𝒋
 (𝜌𝒖𝒊̅̅̅𝒖𝒋̅̅ ̅) = - 

𝝏𝝆̅

𝝏𝒙𝒊
+ 

𝝏

𝝏𝒙𝒋
 (𝝉̅𝒊𝒋 -𝝆𝒖′𝒊 𝒖′𝒋̅̅ ̅̅ ̅̅ ̅̅ ), 

Where as 𝜏 𝑖𝑗 has the reduced form: 𝜏 𝑖𝑗= µ (
𝜕𝑢𝑖

𝜕𝑥𝑗
 + 

𝜕𝑢𝑗

𝜕𝑥𝑖
), 𝑖,𝑗,𝑘=1,2,3. Similarly, 𝑢1, 𝑢2, 𝑢3 are the 

components of velocity in x, y and z direction respectively.  The additional term −𝜌𝑢′𝑖 𝑢′𝑗̅̅ ̅̅ ̅̅ ̅̅   in 

the momentum equation is called Reynolds stress. For any turbulent flow simulation, a 

turbulence model is required to compute the Reynolds stress with a reasonable accuracy.  

Different turbulence models available in literature can be divided into two broad categories, 

i.e. Eddy Viscosity Models (EVM) and Reynolds Stress Models (RSM).  

The EVM use the Boussinesq assumption and considers a functional relationship between the 

Reynolds stress and the strain rate. The various categories of EVMs can be found including 

algebraic or zero equation, one and two equations models. Baldwin-Lomaxmodel [51] is an 

example of zero equation model which calculates the eddy viscosity as a function of mean 

flow quantities. Due to the strong reliance of these models on the boundary layer flow 

assumption, they are not considered sufficiently accurate. Similarly, several one equation 
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EVMs have been developed in the past. These models use a single transport equation to 

determine the eddy viscosity.  Spalart-Allmaras Model is an example of one such models. Two 

equation turbulence models used to transport equations to account for the turbulent flow 

characteristics. The k-epsilon and the k-omega model are the examples of famous two equation 

models commonly used for different types of industrial flow problems. However, the active 

research in the area of two equation EVMs is still going and new refined models are still being 

developed [52].   

On the other hand, in RSM, a more sophisticated approach is adopted by calculating the 

solution of seven transport equations, one for each of the Reynolds stresses themselves, and 

an additional equation to obtain the length scale of the local turbulence. In the complex flows 

problems involving the high degrees of anisotropy, flow separation and re-circulation zones, 

the RSM approach is usually required [53]. 

   3.1.3 Selection of a suitable Turbulence Model 

As mentioned in the previous chapter, most numerical investigations found in literature, on 

fluid flow around the different soccer ball have been focused on using steady state RANS 

solver. Most of these studies were unable to capture the drag crisis characteristics at 105< 

Re<106. So in order to choose a suitable turbulence model for flow simulation around a soccer 

ball, the whole study in two phases. In the first phase, the flow around a sphere was simulated 

using both unsteady RANS solver and LES approach. After the selection of most suitable 

turbulence modeling approach for a sphere, the same approach was used for soccer ball 

simulations in the second phase of the study.  

Z.Q. Leong [54] et al. simulated the flow around smooth sphere to examine the performance 

of RANS-based solver with and without turbulence models. The turbulence models considered 

for this study were Shear Stress Transport k-omega (SST) and Baseline Reynolds Stress Model 

(BSLRSM). The simulations were carried out at different Reynolds number ranging from 102 

to 106. The calculated values of mean drag coefficient (CD) were compared with the 

experimental results by Schlichting [55]. It was observed that in the fully turbulent flow regime 

(at Re = 106), the agreement between BSLRSM predictions and experiment results was much 

closer than that of SST model. 
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Figure 3.1:  Comparison between the calculated values of drag coefficient of the sphere with the 

experimental results [54] 

Similarly, D.A. Jones and D.B. Clarke simulated the various flow regimes around a smooth 

sphere [56]. For 20 < 𝑅𝑒 < 200, the flow is steady-state and axisymmetric, whereas at 

Re=300 the flow becomes unsteady and shows a periodic time-dependent behavior. Similarly, 

at Re = 104, the boundary layer flow still remains laminar but the flow in the wake becomes 

turbulent. Whereas at a Reynolds number of approximately Re = 3.8 ×105 the boundary layer 

switches from being predominantly laminar to predominantly turbulent, hence the separation 

point moves further downstream, the wake narrows, and the drag coefficient drops 

considerably (A summary of the different flow regimes around a sphere is also presented in 

Table 3.1). To simulate the first two cases, the laminar calculations were performed. LES 

simulation using the Dynamic Smagorinsky sub-grid scale model with a fine mesh were 

performed for the last two Reynolds numbers.  
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                                            Table 3.1: Different flow regimes around a sphere [56] 

 

Following the results reported in above two research studies, the flow around a smooth sphere 

(having the same dimensions as that of the soccer balls) is first simulated using BSLRSM and 

LES models. The calculated results in both cases are compared with available experimental 

results. A model capturing the drag crises characteristics successfully is further used in 

simulating the flow around the soccer balls. 

  3.2 CFD Framework 

A systematic procedure was followed to develop a suitable computational setup. There are 

mainly three stages involved in CFD analysis i.e. pre-processing, processing and post-

processing. A brief introduction to each of them is given in the following paragraphs 

In pre-processing stage, formulation of flow problem is carried out through an intensive and 

continuous brainstorming process. Formulation of flow problem answers some basic “Wh” 

questions like, why one is performing this analysis? What is the objective of the analysis? 

What is the nature of the problem? Is it a 2D problem or 3D? Is it a steady case or unsteady? 

Is the flow compressible or incompressible? Is it a laminar or turbulent flow problem? 

Formulation of flow problem is followed by the generation of geometry and creation of the 

flow domain. In creating the flow domain, the shape, size, and upstream-downstream extents 
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of the domain are figured out. In the proceeding steps flow domain is discretized into an 

appropriate number of points, typically known as a grid/mesh generation process. Flow 

parameters are inserted into the solver and a suitable turbulence model is chosen (if needed). 

Boundary and initial conditions are set up. Reference values needed to calculate certain flow 

parameters are given to the solver. Finally, a convergence criterion is defined in terms of 

residuals. 

   Processing refers to that course of the CFD analysis in which a simulation is running on the 

system and the discretized algebraic equations are being solved up by the computer in the form 

of matrices. Although processing stage of the analysis mainly involves a computer system, 

sometimes a human is needed to keep track of the residuals so that he could make necessary 

changes in case the solution diverges or encounters any other issue. 

In the post-processing stage of the CFD analysis, desired results are extracted by the user of 

the CFD code. These results could be in the form of tables, graph plots, colorful diagrams 

(contours) and/or flow animations, etc. The typical steps involved in a CFD analysis are shown 

in Figure 3.2. 

The development of computational setup for flow analysis over the Smooth sphere and soccer 

balls will be discussed in the following paragraphs.  

Since the current research is expected to lay down a basic methodology on which further 

research can be expanded upon, both numerically and experimentally. This section serves as 

an architectural framework of the overall solution process used in this study. First of all, the 

model geometry creation will be explained. The grid generation process and the solver settings 

will be discussed in subsequent sections. 
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Figure 3.2 CFD process flow chart 

   3.2.1 Model Geometry 

Two different soccer balls (Adidas Brazuca and Adidas Telstar18), each having a diameter of 

220mm and a smooth sphere having the same dimensions, are used in the current study. Adidas 

Brazuca was the official match ball of 2014 FIFA world cup. Similarly, Telstar18 was used in 

FIFA world cup 2018. Both Brazuca and Telstar have six thermally bonded panel. The others 

important parameters like seam length, width and seam heights for both balls are summarized 

in Table 3.2 [57]. 

  
(a) (b) 

Figure 3.3 (a) Adidas Brazuca and (b) Telstar 18 soccer ball [57] 
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All measurements are  in mm.
 

Figure 3.4. Geometric specifications of the two soccer balls [57] 

 

Table 3.2. Geometric details of Adidas Brazuca and Telstar 18 [57] 

Soccer Ball 
Overall Seam Length 

(mm) 

Seam Height 

(mm) 

Seam Width 

(mm) 

Brazuca 3270 1.402 4.0 

AdidasTelstar18 4320 1.1 3.312 

 

In order to create realistic soccer ball geometry, the CT scan facility available at Quaid-e -

Azam International Hospital, near H-13, Islamabad was utilized. The resolution was set to 

1mm. Mimics Innovation Suite was used to generate the 3D model of Telstar18 soccer ball 

using CT scan files. However, the geometric details of 3D Telstar18 soccer ball generated from 

this process were not sufficient.  So the 3D models of the both soccer balls were created using 

SpaceClaim modeler available in ANSYS® software. The seam details given in the Table 3.2 

were used during the geometry creation process.  
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(a) 

 

(b) 

 

(c) 

Figure 3.5. (a) CT Scanner, (b). 3D model of Telstar18 soccer ball using CT scan files, (c).  Zoomed in 

view of soccer ball surface 
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Figure 3.6. 3D models of the both soccer balls created using SpaceClaim 

   3.2.2 Computational Domain, Grid Generation 

The computational domain around all models’ sphere/balls is of rectangular shape with inlet 

and outlet boundaries located at a distance of 5D and 10D respectively (D is the diameter of 

sphere/balls). Similarly, bottom and sides of the domain are located at a distance of 5D from 

the balls/sphere surface. 

 

Figure3.7. Computational domain around soccer ball 

The process of dividing the domain of interest into several small portions/chunks is termed as 

grid/mesh generation. High quality, appropriate grid generation is considered one of the key 

factors to obtain accurate CFD results. Simulation time, stability and convergence of the 

solution are also affected by the quality and type of the mesh used. Mesh generation is usually 

considered the most time taking process in a CFD analysis. A triangular mesh was generated 

Brazuca  Telstar-18 
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using ANSYS ICEM CFD® software. The triangular mesh has the capability of accurately 

capturing shape of the model of interest. Triangular meshing is generally used when the 

geometry is very complex. In order to capture the boundary layer separation more accurately, 

ten prism layers were created along the normal-wall direction starting from the balls/sphere 

surfaces. The height of the first cell in prism layer was taken as 0.07mm. LES requires mesh 

and time-step sizes sufficiently fine to resolve the energy-containing eddies. The mesh 

resolution governs the fraction of the energy spectrum directly resolved. In the present study, 

our goal was to have a mesh fine enough so that it will resolves 80% of the turbulent kinetic 

energy. 

The velocity inlet and pressure outlet boundary condition were prescribed at the inlet and outlet 

boundaries respectively. Non-slip wall condition was imposed at the ball/sphere surfaces and 

free slip condition at all sidewall boundaries. 

 

(a) 

 

(b) 

 

(c) 

Figure 3.8. (a) Mesh around smooth sphere (b) Zoomed in view of the mesh on the Brazuca surface (b) 

Zoomed in view of the mesh on the Telstar-18 surface 
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   3.2.3 Boundary Conditions 

Velocity-Inlet boundary condition is used to define the flow velocity at inlet boundary. The 

inlet turbulence intensity as 1. 5% and turbulent length scale as 0.0154m were also specified. 

Whereas pressure-outlet, with gauge pressure of 0 Pascal and turbulence properties identical 

to those at inlet boundary were imposed at the domain outlet boundary. 

   3.2.4 Solver Settings 

A Fluent fluid flow analysis system was created in ANSYS® workbench for the purpose of 

seamless project flow.  Three-dimensional, incompressible transient flow simulations are 

performed. The wall-adapting local eddy viscosity (WALE) model is used for sub grid-scale 

turbulence modeling. Pressure based solver with implicit time integration is employed. The 

coupled algorithm is used for pressure velocity coupling. Second order scheme is used for the 

discretization of pressure and momentum equation. Bounded second order scheme is used for 

temporal discretization. The residual history is monitored to examine the iterative 

convergence. The simulations are performed on RCMS super computer, available at Super-

Computing Research and Education Center (ScREC), RCMS, NUST. 
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CHAPTER 4:                  RESULTS AND DISCUSSION 

 

A series of simulations are conducted to analyze the effect of the panel shape on soccer ball 

aerodynamics using following steps 

1. First the flow around the smooth sphere (having the same dimension as that of soccer balls) 

is simulated using two different turbulence modeling approaches. The numerically computed 

values of drag coefficient and pressure distribution around the sphere are validated with 

available results.  

2. Selection of an appropriate turbulence approach for calculation of turbulent flow around 

spherical objects. 

3. Simulating the turbulent flow over the two soccer balls (Adidas Brazuca and Telstar 18) 

using turbulence modeling approach selected in the previous step. 

4. Analyzing the effect of panel shape on soccer ball aerodynamics.  

This chapter provides a discussion of the main findings from the research. 

  4.1 Flow Simulation around a Smooth Sphere 

First, the flow over a smooth sphere having the same dimension as that of a soccer balls 

(Adidas Brazuca and Telstar 18) is simulated to select an appropriate turbulence model 

approach, validate meshing strategy, boundary conditions and solution methodologies. The 

available experimental/numerical data for the flow over a smooth sphere at the same flow 

conditions is used for the validation purposes [58-59]. Transient simulations are performed at 

an over a range of Reynolds numbers (Re) to cover the different flow regimes, varying from 

laminar steady-state flow near Re = 100 to turbulent flow at Re=106. Two different turbulence 

modeling approaches i.e. RANS based BSLRSM and LES are adopted. The comparison 

between the computed and available results of drag coefficients at different Reynolds numbers 

is shown in Figures 4.1 (a) and (b).  
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          (a) 

 

                                                    (b) 

Figure 4.1. Comparison between the calculated values of drag coefficient with the experimental results 
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It can be observed that, in the laminar flow regime (𝑅𝑒 ≤ 104), the simulated results in both 

cases are in close agreement with experimental data. However, for higher Reynolds number 

(𝑅𝑒 > 104), wakes flow becomes turbulent, values of drag coefficient calculated using LES 

are closer to experimental data as compared to those calculated using RANS based turbulence 

model. Furthermore, as 𝑅𝑒 ≥ 5 × 105, flow is become fully turbulent and calculated values 

using both approaches convergence towards experiments data.   

The time-history of the drag coefficient at 𝑅𝐸 = 1.4 × 105 is presented in Figure 4.2. The 

fluctuations in the flow is due to vortex shedding.  The mean Cd is 0.348.  

 

Figure. 4.2. Time-history of the drag coefficient 

The pressure distribution around the smooth sphere in the three different flow regimes i.e. sub-

critical and critical and supercritical flow regime are plotted in Figures 4.3 (a), (b) and (c) 

respectively. The corresponding Reynolds number are 𝑅𝑒 = 1 × 104, 𝑅𝑒 = 3.18 × 105 and 

𝑅𝑒 = 1.41 × 106, respectively.  The polar angle φ is measured from the front stagnation point. 

The calculated results are compared with Achenbach’s experimental and M. Muto’s numerical 

data values. 
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(a) 

 

(b) 
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(c) 

Figure 4.3. Surface pressure distributions (a)𝑹𝒆 = 𝟏× 𝟏𝟎𝟒, (b) 𝑹𝒆 = 𝟑.𝟏𝟖 × 𝟏𝟎𝟓, and (c) 𝑹𝒆 = 𝟏.𝟒𝟏 × 𝟏𝟎𝟔 

 

It can be observed that from the Figures 4.3. (a)-(c), that the calculated results are in the close 

agreement with the available results. A significant drop in the pressure profile due to the 

transition from laminar to turbulent boundary layer can be observed in the critical flow regime. 

This also results in the delay of flow separation.  

Figure 4.4 show the contours of the instantaneous stream wise velocity (x-component) at the 

three Reynolds numbers under consideration. It is also evident from these figures that as the 

Reynolds number increases, the separation angle increases and width of the wake region 

behind sphere became narrower. 
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(a) 

 

(b) 
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(c) 

Figure 4.4. Contours of instantaneous x-component of velocity on central cross-section around sphere (a) 

𝑹𝒆 = 𝟏 × 𝟏𝟎𝟒, (b) 𝑹𝒆 = 𝟑. 𝟏𝟖 × 𝟏𝟎𝟓, and (c) 𝑹𝒆 = 𝟏. 𝟒𝟏 × 𝟏𝟎𝟔 

 

 

So it can be concluded that LES is preferable turbulence modeling approach while simulating 

the flow around a sphere especially in the critical flow regime. The same turbulence modeling 

approach is used in the second phase of the study i.e. while analyzing the effect of the panel 

shape on the soccer ball aerodynamics.  

  4.2 Flow Simulation around Soccer balls 

In the second phase of the project, the flow around the two different soccer balls i.e. Adidas 

Brazuca and Telstar 18 are simulated using LES. The meshing strategy, boundary conditions 

and solution techniques validated in the first phase of the study are employed. 

Soccer ball is mostly played in the wind speed range 7m/s to 35m/s. This corresponds to the 

speed range of 16 mph to78 mph and a Reynolds number range of 105 < Re < 5 × 105[57]. 
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So, the simulations are performed at the different incoming flow velocities ranging from 7m/s 

to 35m/s.  

Figure 4.5 shows the comparison of simulated results of drag coefficients of the two soccer 

balls with experimental data. It can be observed that both Brazuca and Telstar 18 have 

approximately the same critical speed. Telstar 18 has a smaller drag coefficient than that of 

Brazuca in the narrow speed range. Though, Telstar 18 mostly has slightly larger drag 

coefficients. 

However, the drag coefficient values in both cases are slightly over predicted. This difference 

between the simulated and experimental results can be due to the following reasons 

1. The original Brazuca and telstar18 soccer balls have surface grooves which adds a layer 

of roughness. However, both soccer ball considered in the present study does not have 

any surface groove.  

2. The panel orientation can have a significant effect on the aerodynamics of soccer balls 

[22]. The panel orientation during the current numerical study of the both soccer balls 

was not same as that of experiment. 

3. The effects of the flow interaction between the soccer ball and its supporting device used 

in wind tunnel could not be taken into consideration. 

 

Figure 4.5. Drag coefficient as a function of velocity 
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The comparison between the pressure distributions on the surface of the soccer balls with that 

of sphere is shown in Figure 4.6. The Cp value of the soccer balls show some local fluctuation 

at several angular positions (as expected). Such variations are mainly affected by the panel 

distributed on the surface of the soccer balls. In case of Brazuca, he boundary layer separation 

take place around 98o, however, in case of Telstar-18 the separation angle is around 101o.   

 

 

 

Figure 4.6. Surface pressure distribution 
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The shear stress distributions on the soccer balls’ surface reveal the effect of seam and panels. 

It can be observed in the Figure 4.7. That wall shear stress changes locally in regions near the 

seams due to the localized small flow structures. Figure 4.8 show the velocity streamlines 

around both soccer balls. 

Figure 4.9 show the wake behind the Brazuca and Telstar-18vortex. It can be observed that 

flow remain toTelstar18 a little longer than Brazuca. Similarly, the Brazuca has a wider wake 

as compared to Telstar 18. 

 

 

(a) 

 

(b) 
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(c) 

Figure. 4.7. The surface shear stress distributions for (a) Smooth Sphere, (b) Addidas Telstar 18, and (c) 

Brazuca 

 

(a) 
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(b) 

Figure. 4.8. Velocity streamlines around (a) Addidas Telstar 18, and (b) Brazuca 

 

Vortex core region on soccer balls at Velocity = 10 m/s

Vortex core region on soccer balls at Velocity = 35 m/s
 

Figure 4.9. Visualization of unsteady wake 
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CHAPTER 5: CONCLUSIONS AND FUTURE SCOPE OF WORK 

 

    A brief summary of conclusive results derived from the current research is given in this 

chapter. Some recommendations for future efforts in this area are also suggested.  

  5.1 Conclusions 

The aim of this research is to understand the effect of panel shape on soccer ball aerodynamics 

using computational fluid dynamics techniques. The main conclusions pinched from the above 

research are following: 

1. RANS based turbulence modeling approach can be used for simulating the flow around a 

sphere in the laminar flow regime (𝑅𝑒 ≤ 104) 

2. However, for higher Reynolds number (𝑅𝑒 > 104), wakes flow becomes turbulent and flow 

simulation using LES is a more appropriate choice. 

3. A significant drop in the pressure profile around the sphere surface is observed in the critical 

flow regime. This is due to the transition from laminar to turbulent boundary layer which 

also results in the delay of flow separation. 

4. Both Brazuca and Telstar 18 have approximately the same critical speed. Telstar 18 has a 

smaller drag coefficient than that of Brazuca in the narrow speed range. Nevertheless, Telstar 

18 mostly has slightly larger drag coefficients. 

5. The Cp values of the soccer balls show some local fluctuation at several angular positions (as 

expected). Such variations are mainly affected by the panel distributed on the surface of the 

soccer balls. 

6. In case of Brazuca, he boundary layer separation take place around 98o, however, in case of 

Telstar-18 the separation angle is around 101o.   

7. The surface shear stress changes locally in regions near the seams due to the localized small 

flow structures. 

8. It can be concluded that the effect of the panel shape is more significant on the flow around 

the soccer balls as compared to soccer ball drag.  
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  5.2 Future Scope of Work 

Following are the main suggestions for the future work in the area of soccer ball aerodynamics 

1. The effect of panel orientation on the soccer ball aerodynamics needs to be evaluated 

numerically. 

2. The effect of the panel shape on the aerodynamics and flight trajectory of the spinning 

soccer balls needs to be investigated. 
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