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A Hydrodynamic Study of Active Drag in Swimming

Hideki TAKAGI, Yukimaru SHIMIZU and Norihisa KODAN

The purpose of this study is to measure an active drag in competitive swimming. At first, the
active drag of the front crawl is measured by using the original measurement device which is
developed for this experiment. The active drag is estimated by means of the relationship between the
residual thrust and passive drag. As a result, the experimental equation concerning with the relation
between the active drag and Reynolds number was obtained. According to the comparison this study
with previous study, good agreement was obtained between the previous results and theoretical

prediction.
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Table 1 Individual data describing age, career, height,

weight, body surface area and volume

X . Body Sur-
Subjects| Sex Age | Height! Weight | face Area | Volume
H w As v
(rs)| (m | (kg) (m?2) (m3)
A Male 22 1.70 | 68.00 1.81 0.066
B Male 21 1.68 | 60.00 1.70 0.058
C Male 21 1.72 65.00 1.78 0.063
D Male 20 1.72 | 53.00 1.64 0.051
Averaged Value 210 1.71 61.50 1.73 0.060
Standard Deviation| 0.8 0.02 6.56 0.08 0.006

Fig.1 Schematic side view of the circulating water
channel
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Fig.2 Measuring apparatus
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Fig.3 Special harness for swimmer

81 —

W% 0.4~1.6m/s OB T 0.2m/s T OIS

& & OZEEHT Do % 10 HREHEIE L 72,

F21F, M4(b)CRT & 5Tk % B E B I H
ELEE, HEREINLA b —HET7 0 —
NI EITOR, FEROELICFED REHELES T, % 10
METOBE L7, REEL, B, MicB»TE
MEINBRA7 ) a—DOUREFABRESBL TERBL 7.
BN ERCI A a—28EEZA 7Y 2a—0
BIERFIC TG X &, %R0 10 BT 28D
BB (EEDBO L E 2 ZE R 1 H K2 5) 25
# Frax & LT, ZOIXIE 3/4 YT 2 FERE Fu,
1/2 RN T 2 MR Fie 8 & U0 1/3 1Y T 2 EE:
BHFsDIBREORA Vo — 7 HEL2REL, SFEER
HERFL TS L SR L7, HEBRE IS RS X b
U— 7 HEEERORIE S IRETKE, fiE % 0m/s
»50.2m/s TOWMEL T, FREREIB VT
T, ZEH8IL, T, BEEOHEIME-> THA LT, B
SWICAEDERRT E CHRECEE S, -85
FHiont L TiE, A2 2R ERE %25 2 EH 5
ERELZWEOREL.

Pk 2 EEOEY G & B, ERAITKE
HEELEZROMBIE N —EE2REL, mEE
L7z, #8, u—RNervpoHhah2E5REERS %
fEo 7 fllx, @ — XA 7 4 V¥ (5Hz) 2 L TF#Eb
L, A-DEBUIE, > 7V v 7EAEHK1I0HZz 12T
AVE2—FIEDIAATL,

4. BRBESLUEE

41 REBH D, DRERR K5 CHBEEC
WX B RENEGL D, 0 10 BEOHSIFIERT. K
5&Y Dy g, FHAIBIMERKR & 2 E& %27 3, &
BBt 4 BRANE» 5 LE L3 U, DUk/INE & A

)

(a) Gliding position

(b) Front crawl stroke

Fig.4 Two types of experimental swimming position
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Fig.5 Example of D, data in the gliding position
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BRIz & > TRD - ZEIBHIFEBM Cop I2D0THE
WEREOFEEE VA / VA Re L OB ER T 1T
AT, BB THICR, HEOHEKLSICL S
RO ABER & O EPET ISR B L UHRE
d=6(]:R%, d B OREEHARDEO2IEIHF
(R 2 2R, BT &0 Cop DEI, Re<25
X10° OEEH TIX, HEBRBEEICOPE S EBER SN
1200, ERCH S L 4 HBREOTHEIL Cop=
0.03 TIRIZ—EDEER LI, RIZAELMARLLIZ
L WIBREDEROEREIL, AED 1/5LTE
INE VR, Cop LRIV A NV ABOTLIC Db
STRIF—FEOMERL:, 8, BAS ORI,
Re<25x10° OFEFATIZ, v 1 / VAR K-> TEH)
L, AMEZERLDPODEVEZRLE. LHL 26
X 10°< Re < 3.4 x 10° OFFA TIE BT BRI/ S <
AR L IBIE—-BL T, UEOFER»S, K
EEB TR -7 Re DH T, 2.6X10°< Re<3.4x10°
DHWE T, Cop=003T—ETH2LIEET S L,
D, D, R(4)TRT LB TED, 2BL6X
10°< Re<34X10° D Vv A /v XBUZ, BHERE DIk
HECHRETS L, H1.4~1.9m/sicHHL, 12iF
V— AR DREE EFE L,

D OOS‘OASUZ OOISPA UZ ............... (4)
4-2 RFHEEND T, ORERER
4:2.1 RAru—7HEOEFRKELDZAORL

T, flES, #Bg LT3 A Mo —27EESD
RUC—FBIR > T C L HIBRL, I0BHETOR o —
7 EH0C 1 EILL FOBEESE U BHICEEREPD
Bl 35ICA bo—7HEOLEE % FHICEES

8 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechani cal

Engi neers

AREIC B S B CHEEREEHL B89 5 SUis FAIB S

Table 2 Average and standard deviation of the stroke

frequency

. Maximum 3/4 Stroke | 1/2Stroke | 1/3 Stroke

Subjects  |Swoke Frequency | Frequency | Frequency | Frequency
(Hz) (Hz) (Hz) (Hz)

A 086004 10.61+002] 044+002| 033003

B 0991003 {079%001| 052%002] 034*001

C 098 £004 [0.61£0.02]| 0443002 0.32£0.04

D 1.04 £0.02 [0.71 £ 003 | 048 £0.02| 0.35%0.03
Average 097 0.71 0.50 0.35
Siandard 007 007 005 0.03

Residual Thrust Tr (N)

Time (s)

-0~ Om/s —o— 08m/s =% 1.6m/s
—O— 04mfs —o— 1.2m/s

Flow Velocity

Fig.8 Example of the 7, data on each flow velocity in

the front crawl (Fmax)
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Fig.9 Typical example of T»-U relationship on each
kinds of stroke frequency
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Fig. 10 Relationship between D, and U/
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(2) BECHERHKE D, % Z8EHL D, L BfYIK
Dz, ThfThrEfbTr2 L& T,
V—ABEIHRYT S VA N RBORBETE D HEGE
WHEDT D, 2HEET 2 EBA L LTRA2E7:.

Lu:4un5aAsU1eé¢ﬂﬂ“cﬂw86expn—ssﬁv»

B, THEVWRPOWEY Yy SV T2 /AL D
IR EA, BIRESA, $LERT— Y INER
IR BT ERECHE2ET.
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