The Japan Soci ety of Mechanical Engineers

3921

HARHESmXE (B #)
63 % 616 5 (1997-12)

3 No. 97-0490

Bk FKEDBHTRAIE (R T 2R
(ABERELE & UKEDRFIES)

WOk oA, % Ok R B
# Ok H O W we

Studies on Fluid Drag Measurement and Fluid Drag Reduction
of Woman Athlete Swimming Suit

Yukimaru SHIMIZU, Toshiaki SUZUKI,
Kunihito SUZUKI and Hiroshi KIYOKAYA

Sport science progresses step by step in the world. This work is a challenge to develop the
athlete woman swimming suit with low fluid drag. To begin with, the fluid drag of the woman
swimming suit is very small. It is very difficult to measure the several percent difference in the fluid
drag of the swimming suit. Special experimental apparatus is developed to measure the fluid drag,
precisely. It can successfully measure the fluid drag of athlete woman swimming suits at the
precision 1~29%. As a result, the cloth with low fluid drag is found. It is worked water repellent into
every other stripe on the cloth. The cloth is woven of thin threads (polyester 80% and polyurethane
209%). Also, the relationship between fluid drag for the model body and the water depth from the
water surface to the model body is investigated in details.

Key Words: Flow Measurements, Fluid Force, Sport Engineering, Swimmer, Swimming Suit, Free
Surface Flow, Hydraulic Jump, Boundary Layer Control, Vortex, Wave
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Fig.1 Schematic diagram of experimental apparatus
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Fig.2 Details of carriage, the model body and camera.
Definitions of attack angle of model body: a,
water depth: Hd
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Fig.3 Details of measurement system of fluid drag
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Fig.4 Relationships among position of carriage, speed
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Fig.5 Measurement precision of fluid drag

{REBEOMNE L REOBERB LY 7Y >
T—& %RY, B U=2.02m/s, Kig» U=0.75
m/sDETH 2, BEAY — MIBEP1H»54.4m
OHAP2ETEME “E{KXKELL, P22 o
6.39m DA P3 T [K1(b)P2~P3] 2HEKX
el 2LT, ZOEXBO 7 —% ¥y
LCHIEME LTz,

HEREEOFM : K5 T, KEKEBRT — 5 ORIER
BERT 5, ERICBL TR, A—BERETRE
SEHIOBIERTT>7, M504 LRI, B—&E&T
SEHT - - BIEE(F—5) 28A L Th 5, EEE
HIIBE(3BORS)2RLTHS, H50FHI
X, [(SEIOHEEE- 3 BISEXE) /(3 [EFHE) =
CEED» & ORIEBRZEEEG (%ER)) =Pul 2RT.
Z DR E AR & V> 1.6~2.02 m/s OB IE, MHE L
MEFHIYUACALHEEOFWAIENIHETH
Sfz. BB L.6m/s & DSV 2 OLHERERM T,
WHAIBEBTTH - 72D, HIEHHE A 12/ &
WEREOHHICL D, FELBERAE L n D, ME
DREOHESICE, 5 3EEIEL, A - &/0hD
TOOMEERRTHRONMOOEERAL, YiE Ak
Bz,

B 6 W R EERTH W 7 otk E AN O FE 20
9. £ &K 1580 mm, KB 837 mm, F& BH 671 mm, &
B923mmThH b, BRI FRPRTH 54, kB %
EHT D IMERICIIERIRE I Y v Y v T AR
HMEE L Io KB EOBER LR, BRI
T, %4 7 T7v—aBEOoRTB Y, HIE LIHE
HERIABIEATREIC e > T W 3B, Z LT, MEo 7L —
LSS ERRICOE 2K L, Zhick > T
Be2Xz5l bl KEREELFEEE TOR
NICEERHE LT E I Ui, £72, EBEHL, AWK
RN KRB LEENE2F v 2 LT,

R 7 sk EErd, K7 (a)idERLRT

Bust: 837mm
Waist: 671mm
Hip:  923mm

Body surface:
Material of body : FRP
Material of body surface: Soft urethane

Fig.6 Construction of the model of woman body
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Fig.7 Pictures of four kinds of athlete swimming suits
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Fig.8 Relationships between fluid drag coefficient Ca
of the model body without swimming suits,
“nude”, and Froude number. The attack angle @
and the water depth Hd are changed. (2) a=0°,
(b) a=6°, (c) a=12°. Hd=10~555mm
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Fig.9 Relationships between fluid drag coefficient Ca
and water depth Hd. Fr=0.46. Attack angle is
changed; —6°, 0°, 6°, 8.5° and 12°
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Fig.10 Flow visualization and flow pattern around
woman body
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Fig. 11 Relationships among fluid drag coefficient Cqa
for model bodies with four kinds of athlete
swimming suits, Froude number and speed of
model bodies. The water depth Hd is changed

WL ERCKREEREN2EZ TERBNCHEEZE S
ED, MASHBERES RSB IETHS, ZOMB
WEkoT, AMEMNERTEL 313 < BEEROHIE % »
L7, COHFLIARREIERMNCELIO SN T
o, UFORBRERICL S LK 7 (d)Typed ®
AREOEHIFZRL/NE kD,

NN ABERCKE L ER S EBEORAE
PR Co 7V — P Fr OBRERT. AR
DOz AHe=0T, KEHIXKE11(a) HI=10
mm, (b) Hd=255mm, (¢) Hd=555mm ® = &
BYZELSER, L&D K &))\ﬁﬂﬁﬂ?ﬁﬂ?}(Nude)
DCa b RLTHD, OTHOKEZBWTSH Nude
ZERWT Type 4 DAENR/NDOEILER L, Type 1
F721d Type 2OKEDEMIIKE, £/, Hd=
10mm, Fr=0.33 18T, Typel 8L U Type 2 i3
FHCR E RE|PUEART, ThIKBFOTYA vick
2bDEEZBND,. IO, HEICKNMNED
58, SERLERNT TR E 2B R,

K12 it KA TEE S 3 AFIRIEME LR Y.

_ UREE OB — HEFOEDT)
HErOEN

B12(a) HI=10mm i B W TiE, HOF L K &
W Type 2{(BPRERR) &, & H/INE W Type 4(FER) O
I iE1.8~8% D ENFLEL, M12(b) Hd=255
mm T & Type 1(H#) & Type 4(EH) DM

X Nude
00407 & Typer  Hd=10mm ﬂ
¢ Type2 —a° 'y °
O Typez ° & 2R g
X Type4m 5 ] | ]
0.035 Tagori " R Q
------- Togashi a 41
S ]
x
0.030
0.025
0.020

0.20 030 g 040 0.50
06 08 10 12 14 16 18 30 [mhk)

Fig. 13 Relationships among fluid drag coefficient Ca
for model bodies with four kinds of athlete
swimming suits, Froude number and speed of
model bodies. The water depth Hd is 10 mm.
Attack angle is 6°
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Fig. 14 Relationships between the rate of fluid drag
reduction Ra for four kinds of athlete swim-
ming suits and speed of model bodies. The
water depth Hd is 10 mm. Attack angle « is 6°
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Fig. 15 Pictures show cutting section of vertical direc-
tion to strips on cloth of swimming suits
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