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This study set out to investigate the flight and aerodynamic _characteristics
of different orientations of the soccer ball, which 1s constructed from panels of different shapes.
A wind tunnel test showed substantial differences in the aerodynamic forces acting on the ball,

depending on its orientation. Substantial differences were also observed in the aerodynamic forces
acting on the ball in different directions, corresponding to its orientation and rotation. Moreover,
two-dimensional particle image velocimetry (2D-PI1V) measurements showed that the boundary
separation varies depending on the orientation of the ball. Based on these results, we can conclude
that the shape of the panels of a soccer ball substantially affects its flight trajectory.



FIFA

32 2006

Teamgeist, 14-panels, Adidas

32
14
2010
8
Jabulani, 8-panels, Adidas
2014
Brazuca, 6-panels,
Adidas

(Goff, Asai & Hong,
2014; Hong & Asai, 2014)

2014  FIFA

Face

CFD
PIV

55m/s
1.5mx 1.5m +
0.5% 0.1%
Brazuca, 6-panels, Adidas
Face
00
360° W  7m/s
35m/s CFD
PIV
27 28

PIV



29

10

32 12

10

13

Asai, T., Hong, S., Kimachi, K., Abe, K.,
Kai, H. & Nakamura, A., Flow visualisation
around spinning and non-spinning soccer
balls using the lattice Boltzmann method
Proceedings, 2, 237. (2018)
doi :10.3390/proceedings2060237

Kimachi, K., Hong, S., Shimonagata, S.
& Asai, T., Impact points and their effect
on trajectory in soccer Proceedings, 2,
235. (2018)
doi :10.3390/proceedings2060235

Naito K., Hong, S., Koido, Masaaki.,
Nakayama, Masao., Sakamoto, K. and Asai,
T., Effect of seam characteristics on
critical Reynolds number in footballs,
Mechanical Engineering Journal, 5(1),
17-00369. (2018)
https://doi.org/10.1299/mej .17-00369

, 21(4),
169-173. 2018

Hong, S. & Asai, T., Aerodynamic effects
of dimples on soccer ball surfaces Heliyon,
3, e00432.(2017) doi:
10.1016/j -heliyon.2017.e00432

Asai, T., Hong, S. & ljuin, K., Flow
visualisation of downhill skiers using the
lattice Boltzmann method. European
Journal of Physics. 38 024002. (2017)

doi.org/10.1088/1361-6404/38/2/024002
Hong, S., Nobori, R., Sakamoto, K.,

Koido, M, Nakayama, M. & Asai, T.,
Experiment of aerodynamic force on a
rotating soccer ball. Procedia

Engineering 147, 56-61. (2016)

doi: 10.1016/j.proeng.2016.06.189

Sakamoto, K., Numazu, N., Hong, S. & Asali,
T., Kinetics analysis of instep and
side-foot kick in female soccer players.
Procedia Engineering, 147, 214-219.
(2016) doi:
10.1016/j .proeng.2016.06.216

Goff, J.E., Hobson, C.M., Asai, T. & Hong,
S., Wind-tunnel experiments and
trajectory analyses for five non-spinning
soccer balls. Procedia Engineering, 147,
32-37, (2016) doi:
10.1016/j .proeng.2016.06.185

Hong, S. & Asai, T.,Aerodynamics on
official soccer balls using korea leagues.
Korean Journal of Science and Football, 5,
17-21. (2016)

Hong, S., Sakamoto, K., Oshima, T., Lee,
K., Nakayama, M., Koido, M. & Asai, T.,
Aerodynamic analysis of vortex trajectory
of soccer ball. Korean Journal of Science
and Football, 5, 23-29. (2016)

Hong, S., Asai, T., and Seo, K.,
Visualization of air flow around soccer
ball using a particle image velocimetry.
Scientific Reports 5, 15108. (2015)

DOI: 10.1038/srepl5108

Hong, S., Asai, T., & Seo, K., Flow
visualization around panel shapes of
soccer ball. Procedia Engineering, 112,
391-394. (2015)
doi:10.1016/j.proeng.2015.07.213

20
Asai, T., Hong, S., Kimachi, K., Abe, K.,
Kai, H. and Nakamura, A. Flow
visualization of non-spinning soccer ball
using direct numerical simulation, The
11th  Pacific  Symposium on  Flow
Visualization and Image Processing, 1-3
December 2017,Kumamoto, JAPAN
Japan
Congress on High Speed Imaging and
Photonics 2017  15-17 November, 2017,
Hiratsuka

2017
USB-B22( 6 )
2017 11 9 11

CFD



2017
USB-B13( 6 )
2017 11 9
11

2017
USB-B17( 5 )
2017 11 9 11

Hong, S & Asai, T. Trying to understand
knuckle ball aerodynamics in soccer,
Poster session presented at the 2017 FISU
world conference on development through
sport (2017, August, 28)Taipei, Taiwan.

Hong, S., Matsukura, K., Kimachi, K. &
Asai, T. Aerodynamics of dimple soccer
balls. Oral session presented at the
meeting of the WCSS2017, (2017, June,
2)Rennes, France.

Matsukura, K., Naoki, N., Kimachi, K.,
Hong, S. & Asai, T., Characteristics of
lower limb force exertion during diving
motions by collegiate male soccer
goalkeepers. Oral session presented at the
meeting of the WCSS2017, (2017, June,
2)Rennes, France.

Kimachi, K., Sakamoto, K., Hong, S.,
Shimonagata, S. &Asai, T., Detecting
impact points on a kicking foot. Oral
session presented at the meeting of the
WCSS2017, (2017, June, 2)Rennes, France.

Asai, T., Hong, S. & Kimachi. K., Magnus
force of a spinning soccer ball in free
flight. Oral session presented at the

meeting of the WCSS2017, (2017, June,
2)Rennes, France.
Hong, S. &Asai, T. Aerodynamic

characteristics of new design soccer balls,
The 26th Annual Meeting of MRS-J, (19-22,
Dec, 2016). Yokohama, Japan.

Hong, S. &Asai, T. Surface texture
effects on the drag crisis for soccer balls,
International conference in sports
science and technology, pp- 120-125,
(12-13, Dec, 2016). Nanyang, Singapore.

Asai, T. & Hong, S. Tring to understand
knuckling effect ball in soccer,
Proceedings of the International Congress
on High-speed Imaging and Photonics: pp.-
804-808, (7-10, Nov,2016, Osaka, JAPAN)

Hong, S. &Asai, T. Effects of dimple on
soccer ball aerodynamics, Proceedings of
the International Congress on sport
sciences research and technology support,
pp- 5-7, (7-9 Nov, 2016). Porto, Portugal.

Hong, S. Aerodynamics of soccer ball.
The 1st Japan-Korea joint conference on
science and football, (15th Oct, 2016)
Fukuoka, Japan.

Hong, S. & Asai, T. Effects of dimple on

a soccer ball flight, Oral session
presented at the meeting of the ECSS2016,
OP-BN18. (2016, July, 08) Austria

Hong, S. & Asai, T.Aerodynamic effects
of a panel orientation on modern soccer
balls. Oral session presented at the
meeting of MoHe 2015 (International
conference on movement, health & exercise
2015), USB-D3-08(2015, October, 7)
Malaysia

Hong, S. & Asai, T. Prediction of the
soccer ball trajectory by its panel shapes.
Oral session presented at the meeting of
the ECSS2015, OP-PM36-6. (2015, June, 24)
Sweden

Hong, S. & Asai, T. How panel shape
effect to fly on soccer ball. 8th World
Congress on Science and Football, (2015,
May, 21) Copenhagen, Denmark.

Asai, T., Hong, S. & Kamemoto, K.
Counter-rotating vortex pair of a soccer
ball in flight. 8th World Congress on
Science and Football, (2015, May, 21)
Copenhagen, Denmark.

1
Hong, S & Asai, T. Impact phase of the
knuckle shot. Football Biomechanics,

pp-.68-76. Routledge Research in Football
(2017-10)

¢y

Hong, Sungchan

10638547



