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PURPOSE This study comprehensively examined the aerodynamic and flight
characteristics of modern soccer balls, focusing on their design evolution and
performance attributes. METHODS The aerodynamic characteristics of five types of
World Cup balls (2006 Germany World Cup, 2010 South Africa World Cup, 2014 Brazil
World Cup, 2018 Russia World Cup, 2022 Qatar World Cup) and five types of Euro
tournament balls (EURO2008, EURO2012, EURO2016, EURO2020, EURO2024) were

examined, along with their respective design changes. RESULTS Through detailed
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analysis, significant variations in aerodynamic properties among soccer balls used
in various tournaments were identified. Recent advancements have resulted in
faster transitions towards critical Reynolds numbers, indicating improved stability in
flight trajectories. This enhancement was attributed to the augmentation of surface
roughness, which plays a crucial role in enhancing aerodynamic stability and overall

performance. 2D simulations simulating powerful goalkeeper kicks revealed distinct
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differences in flight distances among different soccer balls; the Jabulani ball used
in the 2010 World Cup exhibited the longest flight distance, while that of the 2024
Euro ball was the shortest. CONCLUSIONS Variations in surface texture significantly

impact aerodynamic properties, affecting flight distance, arrival time, and height.
This study underscores the significant design enhancements in modern soccer balls
that optimize aerodynamic stability and performance, with modifications aimed at
improving flight characteristics and enriching player experience.
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Passmore et al., 2011; Sakamoto et al., 2021).
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Fig. 1. Recent World Cup and Euro Tournament soccer balls
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Fig. 3. Variation in drag coefficients for soccer balls. A represents the results for the 2006 World Cup and 2008 Euro balls, B represents the 2010
World Cup and 2012 Euro balls, C represents the 2014 World Cup and 2016 Euro balls, D represents the 2018 World Cup and 2020 Euro

balls, and E represents the 2022 World Cup and 2024 Euro balls.
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Blue indicates the World Cup balls, while red indicates the Euro balls.
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Fig. 4. Comparison of flight distance for each soccer ball (Initial velocity: 30m/s, launch angle: 30 degrees).
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Fig. 5. Comparison of impact points for each soccer ball (Initial velocity: 25m/s, launch angle: 15 degrees). A represents the soccer balls used in the
2006 World Cup and 2008 Euros, B represents the balls used in the 2010 World Cup and 2012 Euros, C represents the balls used in the 2014
World Cup and 2016 Euros, D represents the balls used in the 2018 World Cup and 2020 Euros, and E represents the balls used in the 2022
World Cup and 2024 Euros. F indicates the height of each ball's arrival at the goalpost. Blue represents FIFA World Cup soccer balls, while red

represents UEFA European Championship soccer balls.
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Table 1. Comparison of height and arrival time at goal for each soccer

ball
height (m) time (s)
2006 World Cup 1.43 0.925
EURO 2008 1.43 0.926
2010 World Cup 1.63 0.893
EURO 2012 1.42 0.928
2014 World Cup 1.50 0.915
EURO 2016 1.49 0.918
2018 World Cup 1.46 0.924
EURO 2020 1.39 0.934
2022 World Cup 1.44 0.926
EURO 2024 1.36 0.939

A% AA I ol =24 (Re,,,)E H W, 2014 BEHAYEH FR170]
ZF(201495E 2024WE7HA)Y 1 olxu AT ZIT(20065-F
20127HA]19] 1ol & Zpolg Hole AL & 4 ‘E} (Table

2)E B9 200695 20129 TAT7HA 2] 2AA R o]Fo] &
= A(GSo] W 22m/s~26m/s) 2. & WERTE HHH o) 2014‘d
F-E 202497HA 9] FR1T9] 2YAHE o]Fdhe =71 12m/s
oA 17m/s Y2 Jehgt} o)A Z2H(2006WHE 201247+
A9l FAFE E7-59 YAR7A mEstr] §igt &= F7ko] &

71 2ol L A7 9] f&e] vl =Rt dEi e dnet
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Table 2. Comparison of critical reynolds numbers for each soccer ball

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024
Re,,, 0.14 0.17 0.13 0.19 0.15 0.14 0.17 0.27 0.17 0.19
Velocity(m/s) 22 22 26 22 15 15 17 17 14 12
Table 3. Comparison of drag coefficients for each soccer ball
2006 2008 2010 2012 2014 2016 2018 2020 2022 2024
Re=3.0x10
(approximately 19m/s) 0.18 0.20 0.25 0.18 0.17 0.18 0.19 0.21 0.19 0.21
. 5
Rg—S.OXlO 0.20 0.20 0.14 0.20 0.18 0.19 0.20 0.21 0.22 0.24
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3 AHGoff et al., 2018, 2020; Hong et al., 2019; Naito et al.,
2018).
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