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Aerodynamics of Soccer Balls
Takeshi ASAI, Sungchan HONG and Kazuya SEO

1. #

INFET, AR—=YR—ILOZENRFHEICET DT
1%, Thompson" D SEBRAGHISE D, R — /L DHL IR E(Cd)
RF 4 VTN PN TR SR TE TV S
F72, 7V y AR IR ER AR — L 089, ?:xﬂf
— OISR L DEIZBI LT h % < ORFZEAS
Z7ebi, Mehta 2 X5 T LB 2 —F jzm&fﬂéhﬂ\
5.

By =RV DZE RIS AL, 6 AT L S
FIEDR— VSRV THER E NS 32 KoL o i)
Yy B R LB SRR E LT T T & iz W19,
UL, REZRRESOARIKE LTHOW BT v 1 —&K
— LDV 32 M B 14 ¥ (Adidas Teamgeist 1I;
Beijing Olympic games 2008), 8 £ (Adidas Jabulani; FIFA
World cup 2010 South Africa) &4 EUMEIICH Y, Z
DREFFFEICET 2@ ST v P & 51, UEFA
Eurocup 2012 <° London Olympic games 2012 THW\ &1
DI DY v S —7R— L (Adidas Tango 12; 32panels) i
FREE S ROVEGREE 2 C, B A& & A TERTIGIR D 32 B x
bl oTEY, TOENFEEILNICT DI LK
HHNTWND

AT, #iY v —A—/ (Adidas Tango
12; 32panels) E kD 3 FEHDOY » I —HR—/ (Adidas
Roteiro; 32 panels, Adidas Teamgeist II; 14 panels, Adidas
Jabulani; 8 panels) DOFLIRECEES LA/ )V A%, i
W2 W T2 E W RITIC L0 i U, ey I —aR— b
DENFFEERFTT 5. LT, ZRDOO/RENL,
BEW 32 KX xviw B—R— L DZE )RR, 14 Box
TR 8 KRRV DR — )V LT R B 32 MR v AR
—/VZEYRERTH D Z & 2R T.

o OBERFRE R
(T114-0034 S EHKES 1-1-1,
E- mail : asai@taiiku.tsukuba.ac.jp )

BRI E S

2. A &

JEWRSERRIZIE, & H L OYA XHE0.7m, #£0.7m @
Ty 7 VSRR R & A 72 (Fig. 1) . BH S0
A—/UL, FIFA 238 5 5ERTHY, 32 xR —

(Adidas Roteiro, UEFA Eurocup 2004), 14 /S /LR —
)V (Adidas Teamgeist 11, UEFA Eurocup 2008), 8 f& 3% /L
AR —/L (Adidas Jabulani, FIFA World cup 2010 South Africa),
LI 32 Br3x LA —/L (Adidas Tango 12, UEFA Eurocup
2012) D 4FfEEEE Lz (Fig. 2). R— Li3i5m L v B
10mm D3HFETIx, FEBRERNCZERED 7 — b D A
L TCWLZ xR L (09%E) By L. &
A=V, R— SRV T NS A R BT 72
HEolcky L7z, fiE-o CETFHATHE, A—L3%
JVTIERIFR & 7e o Tz, JEGHEPHIX 7~30m/s & L, V¥
VY T EB T IKH 2 T, FHEEERNE 8.192 BOiE &
L7=. #, BiiE, 15,20,25 KO 30 m/s DT — A D
Fr, K66 TOMGFHHI L, M7 — U 8 YR E A
WTC, ZTOIEEFRMEEZRT L. AL S 2 VA
DIE B EEElE, 1 e A —4%— (Concurve 10;
KOIZUMI Sokki Mfg. Co., Ltd.)% FVTFEI L 7-.

Jabulani & Tango 12 OHFLRE A TRATENGR & TR PR
ICRIE TR RET T 2729, 2 DO HAIZR TR
Ralb—varyEfToln, ARFEBRCHllENZV A
/vﬁ;&k#jﬂﬁk@%ﬁﬁ%)ﬂw R—VHLRE 17 m/s,
FON 28 my/s, FEOMHE LA BT LT 25 deg. T 2 RCAEFHHL
raERELE. £, 7]':—/1//1’ //\7 Fo I (17 m/s;
7.45 kgm/s & 28 m/s; 12.26 kgm/s) NEEETH 7= LD
REDFEIZ, Jabulani (0.438 kg) & Tango 12 (0.428 kg)
DOR—=NVDOEREEZZ[E L, Jabulani OFHEEH 17 m/s,
KN 28 m/s Dr—A| ﬁbf Tango 12 OYEE A 17.4
m/s & 28.7 m/s IZFRE LA 20T 2 IRoTTRFNHL
Braes Lz, £, ), Tﬁﬁwﬁ@%*ﬁaﬂ%t
EEITIRFNT DR —VE Y Oy, FEIEWE %T*/V
CEA L, ATRMEFERR DA I T o 7.
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Fig.1 Experimental setup with wind tunnel.

Fig. 2 Photograph of Adidas Roteiro (a; smooth
surface with 32 panels consisted of pentagonal and
hexagonal panels), Adidas Teamgeist Il (b; small
protuberance with 14 panels), Adidas Jabulani (c; small
ridges or protrusions with 8 panels) and Adidas Tango
12 (d; small grip texture with modified 32 panels).

3. # B

2.1 A

AR o 5 — R DS HRIE R
#FFfEIL, Adidas Roteiro 7% 3840 mm, Adidas Teamgeist 11
7% 3470 mm, Adidas Jabulani %% 1980 mm, Adidas Tango
12 73 4470 mm TH o7z,

HER—NVOEER LA )V ZHIE, Roteiro 73~2.2x 10°
(Cd = 0.12), Teamgeist 11 #3~2.8x 10° (Cd = 0.13), Jabulani
23~3.3% 10° (Cd = 0.11), Tango %3~2.4x 10° (Cd = 0.15) T&
- 7= (Fig. 3).

= Roteiro
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100000 500000
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Fig. 3. Drag coefficient (Cd) of the Roteiro, Teamgeist
I, Jabulani, and Tango 12. The critical Reynolds number
of the respective balls was ~2.2 x 10° (Cd = 0.12), ~2.8
x 10° (Cd = 0.13), ~3.3 x 10° (Cd = 0.11), and ~2.4 x
10° (Cd = 0.15).
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= @ Roteiro DEER LA 7 L ZEE, Asai et al. (2007)"
DS & [FAREDIETEH - 7-. Achenbach (1972)"®1%, ¥i&
B OWBR LA VA AE~35%10° L LTE Y, Bearman,
and Harvey (1976)°1%, T/ 7 R—1LDEER LA /1 XK
Z6.0x 10* WA LTS, LR~ T, ARSI
LY —R—=NDEER VA 7 VB, FiEkRE D/
=<, ﬁw7f~w;@k%&mf%5*kﬁb#ot
Tango O AR AHIK (super critical regime)lZ351) 5 Cd D
EHIfEIZ~0.18 T Y, Jabulani D~0.15 X D, SN
&R L. £72, Tango O HLE SAHIS (sub critical
regime)lZ351F 5 Cd DY-YJEIZ~0.47 T&H Y, Jabulani ©
~0.44 X0, K& 2fE %R L7, Roteiro, Teamgeist 11,
Jabulani &HFREZB S T LI, R LA NV ZEREER
L, PURE — 713 a0y 7 M4 S &R L2 2S,
Tango DHLIH%EH — 714, Jabulani & ¥ Roteiro (ZiT\V
Bz RLZ. A=A I 2L —a B0,
W 17 m/s, ROV L £ 25 deg. O WIS Tl, Jabulani
DFFEREIL 17.5m TdH 5 D2k LT, Tango 12 1% 19.5 m
T > 7=(Fig. 4). ¥iE 28 m/s, RO L8 25 deg. DI
ZRMFTIX, Jabulani OTREEHEIZ 471 m TH H DITKF LT,
Tango 12 (X 44.1m ThHo7=. £/, WLAR—NA 37
B@ﬁﬁ(l%k@mtlz%k@m)T@Vi:V*V
VA, 7.45 kgm/s D4 — A TlL, Jabulani (17 m/s)
@mﬁ%iwsmf@é@ %} LC, Tango 12 (17.4 m/s)
12204 m CTHo7z. 12.26 kgm/s O — A TiX, Jabulani
(28 m/s) OFEHEHEIT 47.1 m Th D D2kt LT, Tango 12
(287 m/s) 13457 m ThoTz. £z, SFESER
ICLRHRRE & SR — VO LA VBT, mOFEE
DF BT (r = 0.9)(Fig. 5).
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Fig. 4. Flight trajectory of the Jabulani and the Tango 12
in a simple 2D flight simulation.(a) Initial ball velocity: 17
m/s. (b) Initial ball velocity: 28 m/s. (c) Impulse of ball
impact: 7.45 kg/s. (d) Impulse of ball impact: 12.26 kg/s.
Ball launching angle in all cases: 25°.
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Fig. 5. Correlation between the extended total distances
of the panel bonds and the critical Reynolds number (r =
0.9).

2.2 #EAhLEBD

FFTIZ L AR L5 /1D R T — AT MBI H1R
18 (Amplitude) (&, R—/b - 27 ¢ > 72D EAIREIEL
EHEE SN D 12Hz, 20Hz LSO TIEL, 10Hz L F 23
FEESI R & 2B 2 s T 23 2 B A7, Tabulani OFF )
EBIOEFTHATHC BT, FEEA 20 m/s, 25 m/s, 30
m/s & RELRDIZOoN, #) & O RBRIZR LB
PER G DAHEA 3 A 5 372 (Fig. 6a-c). F 7z, Tango (ZF>
T, ENSKEL LDIToN, WAL HIOEB) Y
KT DA % 7~ L 7=(Fig. 6d-f). = DAL, hoR—1
Wb FRIC A BT,

ER—IZHBT D, B OBEHERZEN, Jabulani @ 15
m/s ZFRE, FEEEAY 15 m/s, 20 m/s, 25 m/s, 30 m/s & K&
<pplzoh, WRT2MEmA R L7z (Fig. 6g). €O
TlX, Teamgeist II 0 25 m/s, 30 m/s BR300/ N & 72 %
RLTE. BR—ICBIT D, BHOmUERZET, s
KL RbHlcoh, HRT LM EZ R LIZ(Fig. 6h). i
AN 20 m/s, 25 m/s T, Roteiro 7300 K & RfEE 1~ L,
30 m/s Tl, Roteiro & Tango MK X 72 fHzE R L7z,

R T D W v 1 — 7R — /(32 panels) %t O it
W 192, Wk L TR Y 19,20 A — LT I5 1
%L CRmABIZER SN (Fig 7a-f). Z OHEIZMOR
HizbREBRICA BNz, BEREOHEESIE, 8L »
DI ENBIEREINT., A= VERIZIE, LiIFLIZ2AD
e B, R—NHETHFmAf e LT —Y A7 —
NomltELBEZE S (Fig. 7b, 7c, 7e, 7). £7-, fitid
WD 7 — Y A — NV OEEEE, HBiREO Mm% 5] &k
LT LL, ZOfHMESEIIAZETHY, M
BOWRLED, AETRVEAELEL ALNTE.
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Fig. 6. Net force scatter plots of the side force and the
lift force for the Jabulani and the Tango 12 balls and the
standard deviation of the respective forces for each flow
velocity (5 s). As the flow velocity increases from 20 m/s
(a, d) to 25 m/s (b, e) and 30 m/s (c, f), the irregular
fluctuations of the side and lift forces increase. The
standard deviation of the side (g) and the lift force (h)
increased as the flow velocity increased.

Fig. 7. Sequence of video images showing the

deflection stages in the near-wake flow (unpublished
data). Side views (a, b, and c) and top views (d, e, and
f) of a normal straight ball. The initial ball velocity is 27

m/s. The flow direction is from left to right. The time after
impact progresses from (a) to (c) and from (d) to (f), as
shown below each image. The time interval of each
image is 50 ms. The near-wake flow near the ball
deviated asymmetrically in the flight direction. In the ball
wake, two longitudinal vortices and a large-scale spin
with the axis aligned with the ball's direction of
movement (b, c, e, and f) were observed.

3. & ¥

BHR—NVDEER VA 7 VXL, Roteiro, Teamgeist 11,
Jabulani & R — /LS VN T DI~ T, K&EL
BRAOMMERL TS, Eio, R—Ar SR>+
DITPEVY, RV EES IR IER IEEE S/ S < 7e DM &
RL7. LT, Tango X UVR — L1 808 32 Kl
o THEY, ZIU ES T/ RV TR IL R BEREAS 1
KL, BHLvA 7 v, [HU 32 B3Rk /vd Roteiro
EIEVME% 7R LT 5. Achenbach (1974)*V1%, “EIEER 12
BWTIIRER D T 7 X ADERD, R LA 7 V2K
DERTFTZLEZOLTILEZHRELTND. ThbHDZ L
b, NANVEGHRIER RS R E AR —E ER—
REDT 7 RAPERL, #RAOITER VA XD
INEL BN DB EFE X BIVA. —JF, Roteiro D%
FVRENT IR A L— A TH Y, Teamgeist IT (2 1F/N
2L, Jabulani 213/ LFEZEE, Tango (ZI3/N7 Y w7
TI AT XM, ENENTFA L INTNAD. L,
Roteiro DEFSH LA /) )V AEHB/NE W2 LR, Jabulani D
ENRRENZEND, NRAVREDO/NSRTHA D
T T HRASDEY, NSRS IR IR < T
INEWEEbS. o T, RERFHNOBIT D) >
H—R—= VDRV A ) VAT, SFAVFRRONE
THA LR, SRRV EETRIER IO ZER K E W
LEZLND.

Tango DS LA /W AEH Jabulani DL LD /&
VW & D5, Tango O i SAEIEIT 5 0 WS fEIR (1< U <19
m/s) Cl&, Tango (& Jabulani &£ ¥ ZEXHERHT/ NSV —b
IZioTWhEEZ NS, £z, HERFEEO EHE
(20 < U <29 m/s) CiE, Tango iZ Jabulani XV, ZZ&HL
PINKREVWR =L TND EEX HILE. FRENHUER
Vial—yariiBnTy, 17 mis OFEOGE,
Jabulani OFREHEEE L Y Tango D573, 2.0 m K& <, 28 m/s
D YDA, Wil Jabulani OFEEEEE X U Tango D J573,
30 m hEL o TS, RIS, MUAR—LA /XY
kD> JIFE (7.45 kgm/s & 12.26 kgm/s) THOT I = L—
a VT, A—/VEED/IN S Tango OFREEREBENHE R L,
the Tango DIRFULRELAY /N S W HHEIR T, FREERED %=
229 m EHEKL, Tango OHRHUREAN K & & il fE
TIE, WIIREEFEDOZZEN, 1.4 m EfELTWn5. Lk
DZ LD, oYy —R—LD—>TH D Tango 12
1%, Jabulani % J V) HHAEK CoOZRIWHIN/NE L, F
OFEHETIRIE LT WVWAR—=ALTHEEEZLND. 2D
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i, FHEEEAEZHT 5 AOAE— R EFRT
W EEERL, SRy h—IZERRE Ly —
A= ThHhdEHMIND.

B L85 30F 2 AT 5 IEF I OBEERAET, &
IIRERA R E < 72 D1 EERT DA Z 7R LTV D23,
Bt LA 0 ZHE SR VRS TR IR R PR & B A 72 Y
fRIFAH B, LavL, K2, Tango k Roteiro

1, SR IV TR A B A3 R & VMBS
Tango & Roteiro [ZFEEL L7-#87) & 570 4‘#@%%0 T 5
EEZLND. T, #)E15 CHEREREN R o
TWDJFEKE LT, SRR T A v DIERFES,
RNV EXRDAT 4 T HEDRBENEZLNDLD, 7
TS ZOBETH 5.

WAL FEBRIZ I 1T D AR — V4% 3 0 T e S H AR i (X
W& i< B L TR Y, BOREH ok 22
BB LR 2 TnDHEEZLND. A— ke, LI

LiIFBlZEEND, 7=V A —/LTD ZK@MYEJ%@“;
Taneda (1978)*Y723 i ER 12> Ty L 7= i & 4
HlotEThd EEX LI, mLA VR RIICEIT 5
RGO RENHBO—o>Th s L EbhS. ZD
e E DS HETT T ik a0 127 — Y A — )L ClEliRd 5
L, BIRICRmZET D550 E L, #OSE oA
QIR EBHORIND —DIZ/e>TnDH EBEZLND. Lo
L, ZOMMEESIEIREZETHY, M, HEkLZY
i TR WGE LS AN, £, Riiigs s R
KA BB ) ORE S L OBMRIZA L TIE L, ¥y
H— R — L O AR B R FE (2 78 B9 A [Knuckling
effect] e DR LA HOBETHS.

4.F LD

AW TIX, Y v 7 —A—/L (Adidas Tango 12;
32panels) & HER DY~ 17— —/L (Adidas Roteiro; 32
panels, Adidas Teamgeist 1I; 14 panels, Adidas Jabulani; 8
panels) Z X5, FEEREIR Z HV THUREC R v
AN R LTc, fERZLLTICENT 5.

1. Z#R—1VOEER LA 7V ¥0E, Roteiro 73~2.2x 10°
(Cd = 0.12), Teamgeist 11 #3~2.8x 10° (Cd = 0.13), Jabulani
73~3.3% 10° (Cd = 0.11), Tango #3~2.4x 10° (Cd = 0.15) T
ST

2 . Tango O fifg SRR £ oD Hr IR AU (1< U <19 m/s) Tl
Tango (% Jabulani & V) 22PN S WA — 2725 T
WD EEZ B, BRSO SEEE(20 < U< 29 m/s)
TiX, Tango I Jabulani £V, HFNICEZIEFINKE
WAR— LI o TWEH EEZ LS.

3. BR=IVDEER LA 7V ZEE SRR NAESERILEE
FEEE L 121E, @VHEBDR BTz (r=0.9).

4 . Roteiro D /S FIVRENIHI A L— A TH Y, fhod
RN ERERENRT A s TWDHR, 77
RANDRENL, NRVEGTRERIEREC X T/h &
WwWeEbhs.
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