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The Relationship between Surface Structure and
Aerodynamic Characteristics of Soccer Balls (Effect of Seam Volume)
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Abstract
Many studies have examined the aerodynamics of soccer balls, focusing on groove depth, length, and so on.
This study aimed to clarify the influence of aerodynamic characteristics for various groove volumes of soccer
balls by conducting a wind tunnel experiments. The results showed that, in a case of without rotation, the critical
Reynolds number becomes smaller as the ratio of the groove volume and the volume to ball volume increase,
regardless of the size of the ball. Moreover, regarding official balls, the drag coefficient in the supercritical
region becomes higher as the ratio of the groove volume to ball volume increases both of without rotation and

with rotation.
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Fig.1 Cross section of a mold in the groove.
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Fig.2 Experimental balls.
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Fig.3 Schematic diagram of wind tunnel.
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Fig.4 Square cylinder.
Tablel Precision of a mold.
Width (w) [Height (h)|Division (d)
Square cylinder 201 201 786
[mm]
Average of a mold 201 903 790
[mm]
Error [%] 0.00 1.32 0.50
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Table2 Result of seam volume measurement.

Groove Groove volume/
Area Length | Volume Sphere volume
[mm?] | [mm] | [mm’] [x10°]
MC5-WBL | 0.976 3930 3835 0.688
TANGO12 | 0.697 4518 3149 0.565
FINALE 0.537 5160 2770 0.497
Brazuca 0515 3614 1861 0.334
JABULANI| 0.199 2004 398 0.0715
Model 1 2129 2006 2.88
Model 2 1800 1696 243
Model 3 0.942 1332 1255 1.80
Model 4 1333 1256 1.80
Model 5 984 927 1.33
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Fig.5 Drag coefficient of Smooth and No Groove.
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Fig.6 Drag coefficient of each soccer ball.
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Fig.7 Drag coefficient of each model ball.
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Fig.8 Relationship between a ratio of seam volume and the
surface area of each ball and critical Reynolds number.
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Fig.9 Drag coefficient of official soccer ball
with rotation.
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Fig.10 Drag coefficient of model ball with rotation.
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Fig.11 Drag coefficient of official soccer balls
at critical Reynolds number.
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