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Studies on Reduction of Fluid Drag For Athlete Swimming Suit
by Boundary Layer Control

Yukimaru SHIMIZU, Toshiaki SUZUK],
Takesi MATSUZAKI and Kenjiro MORI

Sport science progresses step by step in the world. The paper describes, the first, the relation-
ships between fluid drag for a model of woman swimmer and the flow around it. The flow around
the model swimmer is very complicated, and includes, for example, wave, some kinds of vortices,
hydraulic jumping and so on. The complicated flows are visualized by the surface tufts method and
so on. Second, the possibility of the reduction of fluid drag for a woman athlete swimming suit is
challenged. The boundary layer control is applied to reduce the fluid drag. The separation occurs
around the breast of a woman swimmer. The separation can be suppressed by the boundary layer
control. Many beads are distributed on the breast area of a woman swimming suit. As the result,
it is found that the fluid drag for the model swimmer can be reduced in a range of 1.5%~2% by the
suit with the boundary layer control, which is carried out by many beads.

Key Words: Flow Visualization, Fluid Measurements, Fluid Force, Boundary Layer Control,
Separation, Low Drag Athlete Swimming Suit, Wave, Vortex, Hydraulic jumping,
Sport Engineering

EENCHI2BEFELRIEZT ZENHEI NS,

1.
=  OREORE IS OB T 5.

Bk, BELEOHERK L IEL D, KEPAKRF LWL

. h f\ E =2
5 B LB T CITb R, W OTBIENIL, REE 2 BbLES

B &, SEBORE, KRR EOEH LA Ca - BHURE =D/(1/20U>S)
HRIZE>TELSE, ThETR, EE51F, BEL Co & EFAEF RS (R (1)]

BEMIL1I% L ) BREORE R EHE D : Gt N

RRHFEL, EORBERICH T 2 KBOT A > Fr:70n—F# =U/JgL
HHOFELBHOIPIZ L TERY, ZOEE, T¥he g EHDOIEE m/s

HEBEINAAY 794 TDKET, KEEETHL Hy i BXKBECKE2» 5 ABREEE £ TOES)

FRICEBAIML 2L, 8RS & #AkE L OGS
RAEZHS LI T3 &, WHI/NEL 25 L %2H
SMizL7z,

AT, BIERO TRl o 7o AR 0 FE FH
DN & TAEIETOBERE AR EE BV TR T
3, &5, BARMITE2HL /2 {ERTAE DM e
—AFEE LERBHEEIT> ik, 643
AREBFHIREER L 2. DT, 206 OFR LD
T3, 28, FEOHEPABEHROES LI, K

* RREZAT 19979 A 24 H.

X ER, SEAP T (S 514-8507 Hii LIRAT 1515).

¥ [ER, ZEAFAFER

¥ 3 X/ (HR) (@ 559-8510 AMRifEZITXmE#DL 1-12-35).

mm

L AMEE#E2E mm
Ry : BHiREeEME [K(2)]
Re:vA4 /W
P ABEAREE o’
DR 2 ORUEREE m/s
ROz A
CROEE  kg/m®
CABEROEE m

hNo R & w

3. EREEFIUAZE
1 EREBEOBE S /RT, EEIZITHIHRY

— 88 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

Bk B A &FH e BEH ¥ 5 B R 2845

Visualization ({ ’
.area 1 AC servo motor “(@ /

¢, Top pulley i Carriage.|

o

SURY

o N——e ©

- Carriage Video camera
\ iol Ii d
\

[

P3 ??2 i ]

Woman model

| 1000 4400
11000

Fig.1 Schematic diagram of experimental apparatus
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Fig.2 Flow visualization system around the woman
model

LE—DEBEZ AV, JHRAERICB W T, AR
{LRFENB+AFHETLEHEAS — MIED»S 4.4m
#5(P2) & 6.39 m OFRBABAE (P 3) B \W»TIT
bz,

2 CABEBEAROEOTRILAEERT., V—
Nb&E, PRAEIY EARETA I AT RFREL,
Z ORI RE T 2 AMEERIREORO‘RE 217 5.
MNBERIE D OFNIE, ZOMZ AL L CEKREI X
DELT S, KEBRTIER, ABEEOAZAa %0,
6, 12°D=L BV ICEMERT, 2, WFhOHllZ
AZOVTHRKEKRE» OB E TOES)Ha=10
mm —ERERE L,

B 3 i NSRS & bl & LTI D oD
AL FEERT. BEIABRER %5572 KEE (600
mmBE) 2> T, MAGIKDY T, §7 MMTE
DABERPERE, GEECRMAULZETFL I AT
IDEBHEZOHFOY 7 VOB EERET 5. KB,
WEOKEOMEED id, REHEERRETI2EH
BOBENEEZINEY, IS OEEIIEEHN
R ranah, &5MHEITRCKPEDHZDT,
FEORNCEARGLZRNS VLB IN S, %
fo, AMAEROMZ A (X3 )ik, EfETT 25
T, 0, 6, 12° L &fba ¥,

Woman model

Fig.3 Flow visualization system of surface tuft method
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Fig.4 Distribution pattern of many beads
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(a) Type 0 (b)) Typel

Fig.5 Distribution pattern of tuft and the picture of
many beads
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Fig.6 Relationships between the fluid drag coefficient
Ca of the model body without suit, “Nude” and
Froude number F7
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Table 1 Schematic flow pattern around the woman model with the result of flow observation

Experimental | Three kinds of flow The angle of attack
speed patterns a=0’ 0=6" a=12°

Wave Weak waves from head and | Weak waves from head and | Weak waves from both sides of
U=0.75my shoulder. shoulder. head and back.
F . s Weak vortices from hip | Weak vortices from hip | Weak vortices from waist

r=0.19 Vortex
downstream. downstream. downstream.
Hydraulic jumping non non non
. . Strong waves from both sides of

Wave Waves from shoulder and waist. | Waves from shoulder and waist. head and back.
U=1.25m/s Weak vortices from  hip | Vortices from waist
Fr=034 Vortex Vortices from hip downstream. | downstream and necklace type | downstream and necklace type

vortices. vortices.
Hydraulic jumping | On waist A little front of waist On the center of back
.| Strong waves from the head , | Strong waves from head and

U=1.85ms Wave Strong waves from head and hip. shoulder and back. back.
Fr=0.47 Vortex Vortices from hip downstream. | Vortices from hip downstream. Vortices from waist downstream.

Hydraulic jumping | On the top of hip non non

U=0.75m/s
Fr=0.19

U=1.25m/s

Fr=034

Fig. 7
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Fig.8 Relationships among wave drag coefficient Cuw,
Froude number F7», and velocity of woman
model
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Table 2 Separation area around the breast down-

stream. Swimming suits without beads;
Type 0
Angle of attack a=0° a=6° a=12°
Experimental olumn | Left | Right | Left | Right | Left | Right
speed oW side | side | side | side | side | side
U=0. T5u/s 8 3-5 | 35 {37 — |o0-1] 01
Fre0. 19 4 3-7 | 1-7 [0-7 | 0-9 | 0-9] 0-9
5 — 9 1-6 3-7T |1 0-9 | 0-9
2 los|37|a| 4 |—|—
3 0-9 1 09 |09 09
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Fig.9 Flow visualization around the breast by surface
tuft method. A tufts on the separation area.
Swimming suit without beads; Type 0
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Fig. 10 Relationships between fluid drag coefficient Ca
and Froude number F». The angle of attack «
and the water depth Hd are changed
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Fig.11 Relationships between the rate of fluid drag
increase Rd and Froude number Fr

— 93 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

2850 Bk A ok B

B 3 % gt &

12°

o P!
+‘A~M\! R R
TR AP TS
| AN JW"l\mll
[ AR T Ty
T 177 :\\r'f
I T T ™ \]

U=0.75m/s Fr=0.19

9 0 9 9 0 91 9 o0 9
1 I_L_':\K| Tl OB SR N MEVAN 1 T
TERSCERY o T (ARG AN I |
| AT B RN NSO R
4 TR A E T TTRASARAT KR WA A
e RS 2000 NG I B RITRA
U1 LT % P e -
8' X"y 1t 15111 T]]‘/‘?‘Z";\\\ NS
)
'l rm T ;

U=185m/s Fr=047

Fig. 12 Flow visualization around the breast by surface
tuft method. /\ tuft on the separation area.
Swimming suit with beads; Type 1
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Table 3 Separation area around breast downstream.
Swimming suits with beads; Type 1

Angle of attack a=0° a =6° a=12°

Experimental olumn | Left | Right | Left | Right | Left | Right

speed row side | side | side | side | side | side
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3 0-9 ]0-9 |0-9 |0-9 2-9 |3-9
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U7-BasRid < B 2R3, WX A0°, #HE 0.75m/s
T HMESAIVETO2TTDOF 7 PiZBWT,
EFTR1I~TF0F 7 b8z @EERL, BAITIE
2~THIDSY 7 bR EEERLTVWS, Thid, 2B
Vi LOBELIZRED, 27006 13 { BEE B
FoTWBIEERY, £z, TD  BERIZTR
FEW AL 5170 (EFITik 2~8 %1, HFITIk 5~7
FNCETRATYS, LELENS, ZOKRTHO
X BRI EE AL T b B & e §, HE
1.85m/s CBWTEF TR TITD, 3~6FD¥y 7
FNET, BFITIR 6T TLREME LDBALIZ
REAKTHS., o7, 251005 S BEBEU 5
72k BESEOSEML, BHSEMLIzEFEZ SN
3.

W2 AT, B<HMIAZACREK2ITH(E
5 3~7%], 55 2~8F) pStEE D, HWE L & HITH
s %, %7, BEYEAMT S £ & D EHRED
BT 2HE 1.85m/s ICBWT, EFITR7THOD,
I~5FHDY 7 V2 E TRLBSERTE, Zhid®
EBYEMFTTORVIDIDIREL, LHLESS, &
LDy 7 MEET 2 &, BEYRLOBE 3TY,
BLUAITOOFLrSERLIFIOY 7 F 3K E {EL
hTwsDRNL, BEWHY TRZEOENLNZ
W, ¥, bEDOTE, 95D 7 bOENA B /HE
VW, ZOZE»S, BEERIETHRAMCER R
205, ZOBIIML 2, 2L LT  BEREEIE
D270, WHBRE/ NS kb L#EEINS,

5. #&
U EOER RO &> mfEmEERL.

B

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

Bk A K E BT % MR 2851

(1) BEEYEEYEREET2 2L, W& D RF WD BREERIBLT 5 2 LS »
THOZ S EES 2R &8, REER 25T 2 2 Wi ote,
LRTRETH B Z R ENI, AR HID, S X B FEINE, BEHES
(2) HEERZEELLZEZA 2=6°, Hi=10mm REEZROBA%EL, ZHBRET 3.
THMERE D wREMARET 5 2 Lk Y B H» - -
DB FEEFBBD T B 2 EBHLnE R T2, it
(3) WAKEEZEELLEZA e=0°, Ha=555
mm CTIRMELS LY THRECZED2RET S &

(1) k=R - 122 34, ¥5E, 63-616, B(1997), 3921-3927.
(2) TETHEMR, Nagare, 9-2(1977), 10-16.

NI | -El ectronic Library Service



