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(a) Wind tunel and model set-up of forced

oscillation method

(b)Shackle part attached
at left hand of the shaft

of active model

(c) Gimbal part attached at
right hand of the shaft of
dummy model

Fig. 1 Forced oscillation methods and shackle and gimbal

parts to remove inconvenient mechanical noise. Wind tunnel

equals 700mm wide.
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(b)Flow directivity of the sensor

i

(c)Set-up of this sensor just upward of active model.

Fig.2 Tandem-type hot-wire sensor. The sensor is available
to ocsillate with the same conditions of model oscillation
amplitude (4=~22.5 mm), frequency (/=~6.0 Hz) and phase,
and to taraverse in (X, Y)=(2.5m, 1.5m) range with 0.lmm

steps.
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Fig.3 Unsteady stream lines around oscillating rectangular
prism. Model depth D=150 mm and cord length A= 300 mm,
D/H=1/2,0scillating amplitude A=7.5mm,frequency F=3.75
Hz, flow velocity U=6.75 m/s, model oscillation is Y= (A/H)
COS(2 z Ft), 2 x Ft=120° , F=3.75 Hz.
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Fig.4 Wind tunnel now at Mizuno Technics Corporation,
Mizuno, Yoro-Cho. Former name was “Knuckle wind tunnel”

at Fukuoka Institute of Technology.
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Fig.5 Stable spinning golf ball consists of a shaft (¢10mm)
with a pair of bearings, 4-piano wires (¢0.3mm) and

3-setscrews on the equator of the ball.
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Fig.6 Experimental set-up of Stream-wise (SW2) method in
wind tunnel and light-up system of mist.
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High speed camera

Fig.7 Set-up of golf ball in wind tunnel experiment and light
U=40[m/s],
Camera frame speed=20,000[fps], and metal halide lamp of
DC 210 [W].

illuminated mist of this new SW2 method.
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Fig. 8 Smoke duration time with increase of flow velocity.
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Fig.9 Stream line behind spinning baseball ball. Wind tunnel
flow U=40m/s is right to left, back spinning speed N equals
691ps. Flame speed is 150001ps.
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Fig.10 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.

Re=Ud/v=1x10°. v: kinematic viscosity.
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Fig.11 Oscillation amplitude Z of rolling type with
ball spinning speed N. U=21.1m/s,
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by T. Sanogawa,

(a)Rolling type knuckleball
by Tim Wakefield,
Boston Red Sox.

Fig. 12 (a), (b) Rolling type knuckleball

Keio University, Shonan Fujisawa
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(a) 2-seam ball configuration and its aerodynamics
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(a) 4-seam ball configuration and its aerodynamics
Fig.13 2 and 4-seam ball and its aecrodynamic characteristics.

Attention is focused on side force Cs direction.
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Fig.14 Slice flight of golf ball with banked spinning axes.

43 B3RS » I —R— L DT 7RI EF 1D

LTI D o B — R RS L — R — LN b A AR
W T2 D & OBEITIE & A E TR BEER IS
R0 BEF TR LTWD

—J7, WmERKIZBE LTI H Ik o TERD%Z T
IZTE D 2HDOHERDRAEN T F BZEDNLEEE 2
5, bV T EBRRWESRTWAS. . INEY Yy T —R—

NDOEWRBFEBICHEAEEDZ LI2L0 BEREAD A
B =R LB TE .

5. HeEMNE

I BT 2 HEER 7 7 > X OB B A X — R L,
JEREE E & EBRFIE OB EIT VIR D, AR — Y R —
v OTRFHENE O R BRI T D TR & D 72 SR AR
— YR — )V OIE AL D A B = X L DOHFE T, iR
FOMABIZEI VBT 2 HEZ< OomAI N H o7,

ZID DOFFEIES < OEAESFE LA - A - BIESHE
Z 72 WBLE TR > T N2 2 LI L B ERFE O
WETHD. ML TLNLEHTS.

Z % XM

1) Halfman, R.L.,;: Experimental Aerodynamic Derivatives of a
Sinusoidally Oscillating Airfoil in Two-dimensional Flow, N.A.C.A.
Report 1108,1952.

2) Nakamura Y., Mizota T.: Unsteady Lifts and Wakes of Oscillating

Rectangular Prisms, Journal of the Engineering Mechanics Division,
Proceedings of the American Society of Civil Engineers, Vol.101, EM6,
pp.855~871, 1975.12

3)  Asamuma, T., Yamakawa, H. and Hayakawa, H. :Tandem Type
Hot-wire Flow meter for measuring Intermittent Fuel Flow, J. of Soc.
Automotive Engineers, Vol. 76, p.1781, 1970.

4) WEREA, R R AR TAERE T S AR E D Y OFRHE
B, UM RZE IS )£ 8T T (45 3%) , &5 57 %7, pp. 657~
669, 1982.

5) IEHECA, e, ARG o fER TR TR TR

B /N - R o0 SR & GRS, SR SRR, 55 369 &,
pp. 2707~2711, 1988.11.

6) MRRILELEHIA ¢ REEARO 22K ERE S L OZER O IE
FIk, FraTES 4982148 55, 2012. 7. 25.

7 ARES b, TR0 SERGURAE, G, PIV & PTV, &R

B, p. 183, Wi A4k, JIFEIER, pp. 4757480, (2004)

8) M, MALFEE, WL E], KEBH Z, FILLEALME, ME JE
AFT—7 UA VIEOHEA L 40m/s ORIFKH S CEIEET 2 2R —
A=V O PIVBLER, @] TR L7 b =2 ZARTFEFTATR,
#5314, pp.25-29,2014.

9) WHEA : AR —Y R —/L OFRFRUIE O R TEGE & Wik 5, BT
WFFETTE JEdk, 1940, ZEMFRAR )52 35 0 2 IR, pp. 40-58, T
R HERARHTITIERT, 2015. 4

10) WERSLE, WHRA ; 27 R— A 02K IIE & 3 RITHRABLE
ffht, BRI ES5E i, #5235, #5675, pp. 2037211,
2004. 6

11) Mizota T., Kurogi K., Ohya Y., Okajima A., Naruo T. & Kawamura Y.; The
Strange Flight Behavior of Slowly spinning Soccer Balls, 22 May 2013,
www.nature.com/srep, nature, SCINTIFIC REPORTS, [3:1871| DOI:
10.1038/ srep 01871, pp.1-7.

12) Taneda S.: Visual observation of the flow past a sphere at Reynolds

numbers between 10* and 10°, J. Fluid Mechanics, 1978, vol.85, part 1,

pp. 187-192.

This document is provided by JAXA.



	AA1530054000(SP-15-021)★ 109
	AA1530054000(SP-15-021)★ 110
	AA1530054000(SP-15-021)★ 111
	AA1530054000(SP-15-021)★ 112
	AA1530054000(SP-15-021)★ 113
	AA1530054000(SP-15-021)★ 114



