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Strange behavior of sports ball flight and its aerodynamics
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Fig.5 Wake field changes of ball a quarter round with seam effects.

Watching as top view: 4-seam side spin type. Watching as side view: 4-seam back spin type.
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Fig.6 Strange behaviors of side spin type knuckleball
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Fig.7 Rolling type knuckle ball by Tim Wakefield, U=30m/s (108km/s), N=0.8rps
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Fig.10 (a), (b) Aerodynamic torque characteristics of 1-seam type knuckleball
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(a) 2-seam type ball with6=0°, ¢=-60°, (b)4-seam type ball with0=0°, @=60°
Fig.11 (a), (b) Aerodynamic force characteristics of 2 and 4-seam type ball
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Fig.12 Aerodynamic characteristics 2 and 4-seam ball with yawing angle change,
©=0~90°(6=0°), U=40m/s (144km/h), N=35rps (Sp=0. 2)
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Initial condition 0.144 Top view Initial condition
U=120{km/h),N=33[rps] & U=120[km/h],N=33rps]
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(a)Observation of side direction shift  (b) Calculation of side direction shift
Fig.14 (a), (b) Comparison of side direction shift on ball flight distance
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(a)Top view of ball trajectory during 18.44m (b) Catcher’s view of ball flight

Fig.15(a), (b) Calculations of 4-seam ball trajectory with ¢=0~30°, U=144km/s (40m/s),
N=35rps
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4. ANTR—NO 3 RITRMEEHRER 9101

AN TR=ND 2 RITH 2T 5 EB HRK & £ OREEIL P.W. Bearman & Nz ko T
fToh T3, ZOHETIIRATOR—/MIMb B ERNIAFRERIZL VRO LN TV S,
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Fig.15 Side spin concept of 3-D flight of golf ball by J. J.Thomson!?

v X-direction angle
" vB: Z-direction angle
TP 8: Inclined angle of
Wy, balt spinnig axis

(a) 3-D flight trajectory of golf ball (b) Back view of golf ball flight
Fig.16 (a) 3-D trajectory of golf ball flight and (b) back view of ball flight for the

formulations
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ZOBRARFETHSD. £I T, VTR IRITWBRRAE T 58T % Fig. 16(2) IZR
. X, ZEASKEE), YEREEETHE. VLTI S5T(RFANN—REDY YR, 2a—F 1
T4, TAT Y, U2y P) Tl v bENFER—VIZEEE KL Z 225 0 72IHENWT (v 2
LORAMZBTS. £0 0 13EME TEMR LRV, Fig 16(b) IZid#% A0 5 Rz R— L o[z
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Fig. 17(@ IZR— VD HETT B HMEEE U L £RIIR L CHFRICH S D BZEAL D D (X,
Y, 2) @S mA~DSEZ AT, (b) IEE U & BlERE N 2 L TER T2 H5MCE LAMERLT
WARFERLTWD. HALD K Y, 2) BiFR~ORZEROD. TORKR, X ¥, 2) &
FR~DEZNE (Fr, Fy, F) &ER-oTRADL I ohnd. ZoRTESHFEXON S
EHTHD.

(a) Drag force vector diagram (b) Lift force vector diagram
Fig.17 (a), (b) 3-components of drag and lift force on (X, Y, Z) directions

Fx(t) = %p AUt {=C, (1) cos accos B — C, (¢)(sin czcos6 + cos e sin Bsin 6)}
Fy(t)= %p A|U(t)|2 (—Cp(t)sina+C, (t)cosacos fcosf) —mg

Fz(t) = —;—p AlU(t)]z(—CD(t) cosasin 3+ C, (f)cosa cos Bsin 8)
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SRAMAORER % Fig. 18(a), (b) IZFT. Fig 18@IIR— N DEHAD X EMOHERKR
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HI45° ORECHNITHEME EREN B L2 Lizhd. BT VEBZI1Eb 2 k&
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B, R—=NOEE#MOEE AEOCRIEREDOR LI ONWTIISH I HILRFHEET 5.
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(a) Destination distance X (b) Destination distance Z

Fig.18 (a), (b) Comparison of experiments and calculation of 3-D flight distance
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5. Yy N—R—NVOPERCEEROFEE A =X 519

Taneda (1978)'2-Z X3 &, BEEOBEL A /AL LV EVFER ((Re=3. 8x10°~108)
DBER VA /7 VBRI B O TIIBRIEHIZ Fig 19(@) D X 510 2 EOREARETS. —h
ITERFEROBERBHIND Integrate L THR-BOMBEETH . Z DEITEROE B OTNT
MOPFOREZIZIERNFE S LT, 5x10°5Re<10 DFEFH TR T o A LR EGENEBT 5. 0%
R, RIIIMER I E LTI U F ARESABMERTS, LWHZeTh3.

(a) Vortex structure!d (b) Original sketch by Taneda  (c) Delta wing flow
Fig.19 (a) Schematic representation of vortex structure in the range of 3.8x105<Re<106

(), (¢): From his research notebook with permission of his family.
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RETHES D), QDL M7 —ORBREP#EINLTEY, TAXROFENDR T vF
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(a)Flow visualization of soccer ball by tuft method, (b) Upper: lift force, (c) Lower: side force
Fig.20 Vortex position behind soccer ball and unsteady aerodynamic force, U=22.0 m/s

EREICRFNEELF-TH o =R N RN —R— L 2T ERGE TR S TCEHB LK
B% Fig. 21 OF v —R— L OFRHED (a) X + aRpeff & (b) RFEE, Fig. 22 (a), b): L
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(a) Stroboscopic trajectory of soccer ball (b) Trajectory on Y-Z plane

Fig.21 Slowly spinning soccer ball flight by shooting machine, U=110(31) ~ 65(18) km/h (m/s)
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(a) Stroboscopic trajectory of valley ball (b) Trajectory on Y-Z plane

Fig.22 Slowly spinning volleyball flight by shooting machine, U=105(29) ~ 65(18) km/h (m/s)
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7. FOEBIIREEEAEN1STHoT. THETOMBOREIT “—HRBICEZEES”
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(a)Frame structure, (b) Illuminated mist in wind,  (c) Duration time of mist

Fig.23 Stream-wise smoke-wire method and duration time with wind velocity up to 40m/s
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3m/s LT CIEN DO THENRLEIZR D, OMIBRAE S HEEREH BIE—RIE & FAEICEE
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(a) Uniform flow velocity (b) Turbulence intensity

Fig.24 (a) Uniform flow velocity and (b) turbulence intensity influenced by “Stream-wise smoke
wires”. In the fig. 24(b), 0.08% shows natural turbulence level in this wind tunnel.
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(a) 4-seam baseball ball, Sp=0.40(N=69rps)  (b) Golf ball, CL=0.36, Sp=0.425(N=120rps)
Fig.25 Streamline behind spinning (a) baseball and (b) golf balls, U=40 m/s (144km/h),
Frame speed of high speed camera was 20000 fps.
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