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Abstract

Many studies have examined the aerodynamics of soccer balls. In most of these studies, experimental balls

are supported by three methods: piano wire, cobra support, and wire support. The purpose of this study is to

clarify the influence of the support methods on aerodynamic characteristics of balls, wire support and piano wire.
The results show that, the drag coefficient of balls supported by piano wire is higher than that of balls supported
by wire support in the supercritical region for smooth balls or balls with no grooves. However, there is no

difference in drag coefficient for balls supported by wire support and piano wire in all regions for balls having
panels or grooves. In addition, the side force of all balls supported by piano wire is higher than that of balls
supported by wire support, due to the vibration in all directions.
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Fig.1 Various types of support or method for sphere.
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Fig.2 Wire type experimental apparatus.
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Fig.3 Piano wire type experimental apparatus.

2.2 |H - BAAEERER
FEBRICE R L7k & U ARGE O RS X & Fig.d 12

R EGR O = L AR 400mm X 400mm, JEGE L 15m/s
~60m/s, HLAVEIX 03%LINTHSD. R—/LDHi ) D,
B SITER =N EEH LT v—aZhnd %
WEFTLHZLICLsTHUT S, ob, F—1E2Xzx5
HEBRLETIA Y= 0D OB EJINCFHAIL TSI =
ET, R—NIZBL OB ERMELTWD., 71U v
ZJEHIE 1000Hz, N§FT — % £k 2000 TH L -E A
O HME L 0 (1), QFFEH L TH IR Cp, £

¥ Cs &R, Z 2T, AW EA[m?], U:HitE [m/s],
0 ZEREEkgm | TH D, BB, REESZHROBEREL

T5. £z, REBRO LA L RAEIT Re=0.6 X107~
40X10°TH 5.

Frarmc

Threg

Componeres
Laad-cell

0 e
L1 N

Fig.4 Schematic diagram of wind tunnel.
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Fig.5 Schematic diagram of spark tracing method.
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Fig.7 Drag coefficient of the smooth sphere.
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Fig.6 Experimental balls.
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Fig.8 Oil film pattern on a smooth sphere (Re=4.0 X 10°).
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Fig.10 The relationship between each regions and
separation angle of smooth sphere.

3.2 ETILHKR—IL

3.2.1 A -#EBAOhBERER

No Groove (FHEXTHLE :2.45X10°) oHil, w5 oH
EREREZ VA Y=L T /R THELEZS T 7 &
Fig.11 IZ77”F. 7o, V7 /MIFFOMEE, EELOD
WEORESAZSIH L7 Y. No Groove DHL IR HIE, i
BRAREEE CIX U A Y=, BT MR L BIITIEE L
WHER L o7 Lo L, WESGENE, B EE L GEIE TR
RICEWA RO, VA Y —RTIHER LA V5
2 Re=3.0X10°~3.2x10° & #FANIEH (DT L,
7 R ER TR, Re=2.6X10°~3.2X10° O#ifH & 72>
oo Fio, BERAEETORAREL, TA YR
Cp=0.15 fFEETHHDIZxt L, 7 /HIFTIX

Cp=0.23 T L R->TWVD. ZOET JBMEFENRY A ¥
=L LT, BRR LA VRO IEL Y,
B T SRR LT 35 WD T AR RS B oD I INE S A AN
WHERCOERIERE —HFT 2D THDL. —HFT,
JMREZ BT, BUMRER & ix B e v R AT B

WTHEWRR LN, UA v —F T, Csrus A 0~0.10
DEPIZ D DKL, BT 7 HEEFTIE Csrms=0.15~
0.33 L720, HIERED LA DIREA K E .

1 T T T T T T T
r O Cb wire 3)
0.8+ Z CD Piano |
A SS RMS Wire 3|
0.6 S RMS Piano |

022AAAA z:;;;gg‘
0 A AAA A AN
1 2 3 4

[x10°]

Re
Fig.11 The drag and side coefficient (No Groove).

Model 1~Model 3 D7), BN OREREE, VA ¥
—AEEE L VT O ME R L/ T 7 % Fig.12,
Fig.13, Fig.14 (I3 . 2%, HT/%iﬁ@#%
No Groove & FIcEHE L OB EDOREREZBIH L

1 : . I .
i o CDWire
0.8 o DPian0(3) 1
A CSRMS Wire @)1
50.6— % § i A Csrus Piano
Lr§:04 i
a 0.4 A -
&) A é
L A A i
02 i&agai
LA A A A
02 A A AA A AAA - A
1 2
Re [x10°]

Fig.12 The drag and side coefficient (Model 1).
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Fig.15 The critical Re and panel number of model balls.
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