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Effects of Various Palm Angles in Sculling on the
Variation of Lift and Drag and Dynamic Factor

Analysis
Hyo Taek Lee

Department of Physical Education
The Graduate School
Pukyong National University
Directed by Professor Yong Jae Kim Ph. D.

Abstract

In this study, the researcher tried to analyse the' effects of various
angles in sculling on the variation of lift, drag and |underwater
weighting and suggest the most @ efficient sculling method through
3-dimensional, motion. analysis.

An experiment“was. conducted on the study subjects of 14 males with
life guard licences issued by-the Korean Red Cross, living in B district
with their spontaneous consent after explaining the purpose and method
of this study sufficiently.

The Computational Fluid Dynamics program was performed with 5
different angles of 0°, 15°, 30°, 45° and 60° in total, based on the mean
data collected from males in their twenties from a survey on the
anthropometric data of the Koreans.

The effects of various angles in sculling on lift, drag and underwater

weighting and 3-dimensional motion analysis are as follows;



1. The underwater weighting in sculling gradually decreased with the

increasing angle of the palm from 0° to 45 during sculling ( p< .001)°.

2. The lift and drag values in sculling gradually increased with the
increasing angle of the palm, however, the drag value greatly increased

from 45°, while lift decreased from 60°.

3. It took 1.61 sec. to perform the sculling and the variation of angle
of the elbow showed . 22.86° in the left and 1548° in the right in P1
section, while 21:95° in the left and 21.77° in the right in P2 section.
On the other hand, the variation of angle of the shoulder 'showed 13.93°
in the left and 12.82° in' the right in P1 section, while 16.05° in the left

and 12.46° in the right in P2 section.

Overall, it is concluded that the optimal efficiency of sculling can be

achieved at the "angles~15° and 30°.

Though sculling movements were analyzed by collecting anthro—
pometric data through Computational Fluid Dynamics program and
3-dimensional motion analysis, it is a little limited that we generalize
the result drawn from variation of underwater weighting depending on
the angles as an actual lift value, which warrants further studies on
the measuring of overall swimming movement of rotary kick of our

lower body as well as sculling, along with various subjects.
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79 oy A (kinetic energy)E W etH, ¢ & dF XAMES vt
W4 =+ Bixler?t Rieward(2002)9] A& =8-S Fxste] 1%2 435}
%3 T}

AAFAGsS B3k AlEZ oA =12l A A X 4=FAHSize Korea)oll A

200 G Hi & HolHE EUELE S 4, 5> dtdon, o8 Eg=
g4

3* 3200 A4 " & Ao (9] @ mm)
& ke AA A A 7 oA
18381 10659 60.29 69.62 1175 73.02 817
+10.11 +553 460 15,06 =9 37, +553 +5.33

3E 4200 A "t & Y| (&9 © mm)
& i = HA A A A 27

.01 106.77 60.33 21.39 199 201 19.04 16.78
+4.24 +5.26 +3.47 +1.65 +1.37 +1.38 +1.26 +1.35
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#5200 HAe Hd & 5

= (H9 - mm)
& &
26.83 47195
+1.80) +4.21

U I e

a9 4 A 3D wu

3D AEHIAL 0° 15°, 30°, 45°, 60° & F 5/ A= Fasodrh
g=ele] iE JAAFARE BEdE 3 2dygS shglen, A
o] A7lE 7FEE 1,000mm, AZE 1,000mm, ¥Eol= 400mme]
T 1652975, A& 144701702 mdE) stk <1y 5>E £ EEd

AR 5 BEe ved Aol
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¥ 6. 37 FA A A7 g
AHN) ol(yrs) A ZHem) A=(kg) A8 (yrs)
T 2 177 73 7
L1 B 174 81 6
PIH % 179 80 5
080 B 173 70 5
KM] % 176 77 6
KDH 2 171 60 6
KSH % 1% o 6
%1 17643 7614 536
MESD 108 161 009 0,69
7 RAe AARASS N2 AAF FA(dgid body)e] AZA A2

(Lingked system)< 2071¢] QI #d o= Holstdth JA 2dS

ek BEL 9HE g 2o 6 871

11’.]-. )|
Head
_ L 13
F4 ReH = 14
RUL Lep
15
q LELE
Rl rln. 16 .
® (s 16 .= 17
[ L bl et
= AME -
- 1
RLAF T ) 19000
T 8 iy
o RAS LAS 20
9 LFHG
RFHG
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r 2|
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jutn)
lo
ﬁi
=5
Lot

F9d w4

1. head 11. right asis

2. right shoulder 12. left asis

3. right upper arm 13. left shoulder

4. right lateral elbow 14. left upper arm
5. right medial elbow 15. left lateral elbow
6. right fore arm 16. left medial elbow
7. right lateral wrist 17. left fore arm

8. right medial wrist 18. left lateral wrist
9. right finger 19. left-medial wrist
10. medial psis 20. left finger

(K

5tfe] a7k elS % & 3H(synchronization) A 7] 71 ]3¢l KWON3D
2 5] n&TH SR FA S SFHS AdAAAH HFT
A3t Al sAe YA HE S AAsHy] st =ZE

o] &3ttt 3z A I FRE Y BERE FHA 2

oft

[e]
2F-&

oft

o,
ot
il

o~
T

o] Ak

By
=
Lo

o

25 Aol A F2x4d HAx2RY A 285 0] 82k
H

Y

IE
AL =

B

ol

2

Absh= H2A el Abdel=Aziz9F Karara(1971)e] DLT 7] }
A Fre A el HAE gho] dEW 2 e AH(control point)S &3
A T Hre 25U HAEAZEYH DLT HEAe] AlgE AH&Es
t. AlLHE DLTAIS AARE S5 Jusaizs o&ste] 9dae
32k FFRE FESEATE A 33 #Ax S AT o oy 71A
ddel 93] Fe(noise)ol WAs=H ol oaE A A7 9El

Butterworth®] 2nd order A9 %3 ZE(low-pass filter) S A& ~%d

= °% ]

A

o

Y

2

(smoothing)S AAlgtHow, olw g FI5(cut-off frequency)+

6.0Hz= 33t
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(1) =¥ (Phase)
@ PL. : E1~E2 7} @ P2. : E2~E3 7}#

(2) o] Wl E(Event)

D El : 2288 %3zto] Azsls &7t
@ E2 @ 249 s2ho] Aol =3t
@ E3: =77 %] 2ue +3t



5. A4 A4

&
N
B

=)

T

\.—_mﬂo

el

o

~
;00

Y
T
20

o

H sk 5 A

AR A (Repeated measure

==
=

Lo W& FFolA e A

<

AT

7(3 3

S|
=

on fFoFFEe p< 052

el

One-way ANOVA)
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V. 47 2%

1. €8tg o] B FFAAY AF W

247 F3 Al Entg ko] mE FFolA e Al WIlE 4T 4
e

—_

Erte ZAx 0°9A 6.08+0.74kg,  15°91 41 3.87+1.01kg, 30°°l A
3.13+0.78kg, 45°¢14 -1.98+0.89kg <O & LIEIL, %014 45°74%] A
T A Euteg Aert S7HE] wel oA ATe] AAHew 7
2

e B F/990M, BAM0RE Feld S nATHpL 001).

3 8 &ty Ao wE FFo Aol AT Wt (&9 @ kg)
N 0° % 30° 45° 2 P
6.08 3.87 33 1.98

T p< 001

th e A A T Pillaie] Edo]2, Wilks®] #t} Hotelling®] E# o]
—value Xl o3 = Ve, F30 A 9
A Wah Al o] w2k §o93 A5 & 5 JATH<E 9>

I
=
©]
<
lo
B
=
r
<y
td
rln

(e}
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=]
do)
iy
rE
ol
o,
o

2] O ]
=t ¢ v QL RL seus
Pillaie] Edlo] 2 943 60.33 3.00 11.00 000
Wilks¢] 2tk 057 60.33 3.00 11.00 0007
Hotelling®] E# o] 16.45 60.33 3.00 11.00 0007
Roy®] Hoi 16.45 60.33 3.00 11.00 000
o p< 001
7
6 ng
e
T \\
A= 4 -
(kg) ‘\\\
3 .
2 T ‘\\-
1 ' T T T
0° 15° 30° 45°
" 8 Euke Axme] we FFelA e A% W
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2. &utgt 2o e 9 % ¥

277 8 A 2utg ZEe wE g 3y ge A A
<E 10>, <29 9>9F #rh A~AY F8 Al &upet Zhgo| uwlel =A

@)

e ke 0%l A4 223 N, 15°914 3.77 N, 30°¢l 4 6.87 N, 45°0] 4] 9.8

27 # A St Az me S48 FE ge 0014 0N, 15°
, 45°01 4 795 N, 60°¢llA 6.72 N = LtERL}
0ol A 45°7hH ARHoE FATE B F ddou, 60°A4 = 23]

FARe B A AU S AR mE §59) 58 T

10, Evtg 4 Eo) wE g oFF (&9 N)
2V &= /3 (N) FF &9
0° 293 0
15° o 6.15
30° 6.87 7.45
45° 9.85 7.95
60° 12.83 6.72
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R e oo
ettt
e e e o R

3. 249 B4 484 29l

1) =Hd A8 A7

HA7kApe] Zh FHE AQAZFe <E® 1153 g ~AY Ezbe] it
2O AT 16lsec® YVENG T, IFHEZ AW R Pl FitolA HTE A

QA 7FE 0.79sec, P2 F7ZFollA Hit 2 QA 7F2 0.8lsec® ERRETEH
FH7MAH A~ Q AIZFS Suby A 1.26sec, Subj B 2.00sec, Subj C 1.79sec,

Subj D 1.37sec, Subj E 1.57sec, Subj F 1.78sec, Subj G 1.50sec® Y} E}

wom, Subj B7F 7HE 21 A8 AIZFS, Subj A7F 7P #HS AQATHS

LHERH AT
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¥ 11 229y 5 AQ AT (unit : sec)

P1(E1~E2) P2(E2~E3) Total
Subj A 0.62 063 1.25
Subj B 098 1.02 2.00
Subj C 0.89 0.90 1.79
Subj D 067 0.70 1.37
Subj E 0.77 0.80 157
Subj F 088 0.90 1.78
Subj G 0.75 0.75 1,50
M=5D 1096 2013 20119

2) ¥EX 79 W3

92.63°% UERSE, S Wzt S AuRy PI(EI~E2) TiFelA
22.86°, P2(E2~E3) 77k Mi=21.95°9] =-2leh WslEs & 5= i3l

FNAE #S 2R ZE sl A= Subj D7F 34.83°9 7 2 W3
&, Subj B7} 10.95°¢] 7} A& W3l & e

= FF BEAY zte HstE EldlA 98.75°, E2¢ 4] 114.23°, E30l A
9246°%2 YElW I, +Ad Wl & A¥ ey Pl bl A 1548°, P2
w29 WeE B 5 gl

7R -5 FwA A=Wt A= Subj F7F 3027°¢ g & ®Wis)
&, Subj A7} 1267°9] 7bE AL W3t 5 e

oy
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% 12 F-95 ZwA ZEwst (unit : deg)
El E2 E3
) L 96.70 107.65 98.55
Subj A
R 101.63 114.30 105.89
L 108.28 114.76 105.21
Sub; B
R 103.96 117.52 107.31
L 107.41 107.96 93.42
Subj C
R 112.33 114.17 87.65
) L 104.65 125.77 90.94
Subj D
R 109.07 114:91 87.176
L 92.72 11712 91.11
Subj E
R 93.08 113.83 86.00
L 86.47 118.27 84.93
Subj F
R 91.12 114.53 86.03
L 87.80 110.51 84.22
Suby G
R 80.05 110.32 87.15
. 91.72 114.58 92.63
£9.17 £6.50 +7.41
M=SD
R 98.75 114.23 92.46
£11.30 *£1.25 +£9.69
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120
115 —— Left
2 --8-- Right
:\jé_
= 110 1
1 105
7_|1—
=100 -
)
95 4
90 T T T
0 1 2 3 4

= H(Phase)

a8 15 F-5=5 EEA 4=

3) o/ = W3l

g Al F9= oz e WIELE 13>, <Y 16> 2
248 F2o #= Hy o7 2= WsE-Elol A 50.42°, E2001A 64.35°,
E3ol A 4830°%2 utebyka, =wd w3 £S5 Admrw PlpzhelA
13.93°, P2 3l A= 16.05°9 %3 WstE B 5 ASdTh

A #= oj7) Z4x=Wstol A= Subj B7F 3854°¢) 7bg 2 WIS
Subj F7} 6.21°¢] 7} A& W3} & e

= "y o7 Zx= sk ElolA 49.11° E2914 61.93°, E3lA]

>

249

>

n
M

X
E|l

4947°%2 yEbska, Al Wst 55 durd Pl ogbel A 12.82°, P2 T

Zhell M= 12.46°9 +49 W3tE = U



FA7pAE -5 o ZtEwstel A= Subj B7F 3391°¢9 b 2 WEE,
Subj D7} 5.35°9] 7F4 A& W3} F5 uEbdth

¥ 13. #F-9= o =3t (unit : deg)

E1l E2 E3
L 61.60 71.31 55.81

Subj A
R 65.00 75.69 63.86
L 43.86 79.02 40.48

Subj B
R 46.04 79.95 48.69
L 41.54 61.84 42.65

Subj C
R 50.26 67.81 48.34
L 52.28 60.77 48.09

Subj D
R 48.83 51.95 46.60
L 49.83 53.93 47.87

Subj E
R 47.89 53.35 44.87
L 53.06 62.29 56.08

Subj F
R 49.59 55.78 51.41
L 45.80 56.30 47.11

Subj G
R 36.128 49.00 42.52
L 50.42 64.35 48.30
£7.42 £7.97 594

M=SD
R 49.11 61.93 49.47
£8.50 £11.71 £6.96
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Miwako®} Masanobu(2005)E Al Zipo]l == AQwo|re] ~zH8 7]
< d7dA S UipgfiaE = T o T
‘in-scull’ Al 40~60°, ‘out-scull A] 70~80°¢] £nte ZFw=7F A FH vk

H 13k

A3t thste] Miwako2} Masanobu(2005)&= A &ZLpo]| ==
= s AABH7] sk Btk 2 SEE 2RV 8 A E o] A7) wiiEolgt

B
HoAToAM 24" F Al EvtY e mE FFolAM Y AFTS =
Ak Aate= o33 2ok 0°94 6.08+0.74kg, 15°0 41 3.87+1.01kg, 30°¢
A 3.13+0.78, 45°° 4] 1.98+0.89 =o = e, 0°0 A 45°7hA] &=nlet Zb
L7F F7Hgel et FFed A Aol HAAoR HAATES B o7 UM
H(p< .001).
g AAAE Pillaie] Ed# o], Wilkse @t} Hotelling® Ed@ °]
2 Roy9 HU 5 EE puvaluedr 93 =2 Yely, 35049
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3HA UEtwke ) Miwako®t Masanobu(2005)¢] €3
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S|
2 AR Fae] Ao M Fad Aels ®BAlal, dAE

Fodelld SxE dHAdE dElon, 4 iR G| Ho] T

Miwako9} Masanobu(2005)= A azilol| == AQoA]e] A7 7]
%o T3 AFolA A2Ae] 523 'in-scull’ ¥ out-scull’ 2 FEEFY]
& AIZHE SA g A3 ‘in-scull 7 ‘out-scull’ &R AZEol Aol A gk

T3 &Y dxe IR 4EE FH=S 1265°, ¢ 1268°2 UENG L
, B2 2 owst 2o F-$= Z4p560.6° 49.1°2 YERGH D B339
51.5°% uEyhom, &2 1+ W}

2727 71Ee] 23 ol Huskn
2 AFolA =4y 8 A A8 A 0 0.79%, 08122 YEY

114.23°%2 Yebga, Hy W3l 22 pl koA #F-9= 747 22.86°
1548° %2 YElyrom P2 FiHd A= FH= 21.95°, 5 21.77°9 2% W3
E 2 F A m=d #-95 o A== E2004 HSF 64.35°, 5



61.93°= uesta, swd ws e Pl bl #HF 13930, =
12.82°, P2 7ol A= #= 16.0 2
2zt Wsto] mlsto]l A5S = 5 AATH

2 A7 2= Miwako® Masanobu(2005)9] dad el A9 A48 A7t
2 7t Wzt Yy FASEA YESLS ™, Zinzen, Antonis, Cabri,

(o))

—_—

Serneels ¢ 19 (1992)2] A+ Aol A} o] & ~A8 F2S
Tst7] AT A ol el B Tt HE oAAAdME e

M5 W9l o] oAk & Aole AL
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°]74<21(2004). At AIA S o] &3 AEd= Fx=4 HH AT F

2
ol&®, A& A(2012). S 1% Sculling &2 AAFA A4 A

7, S Eabe Falseks] A 24(1), 19, 23.

Abdel-Aziz, Y. 1, & Karara, H. M.(1971). Direct-Linear Transformation
from comparator coordinates in object—space coordinates in
close-range . photogrammetry. . Proceedings of the ASP
Symposium of close-range photogrammetry. Urbana, 1L, 23~25.

Bixler, Barry., & Riewald, Scott.(2002). Analysis of a swimmer’s hand
and' arm 1in steady flow conditions using computational fluid
dynamics. Journal of:Biomechanies 35, 713~717.

Berger, M.AM. - G. <de. Groot, & A.P. Hollander.(1995). Hydrodynamic
drag and lift-forces--on human hand/arm models. Journal of
Biomechanics 28(2), 125~133.

Bixler, B.(1999). The computational fluid dynamics analysis of a
swimmer’s hand and arm. Swimming, Colorado Springs, 23~25.

Cappaert, J.(1992). Fluid forces on the hands and forearms. Chap. 12 in
International Center for Aquatic Research Annual: Studies By
The International Center for Aquatic Research 1991-92, 93~98.

Cappaert, JM., Pease, DL. & Troup, J.P.(1995). Three-dimensional

analysis of the men’s 100-m freestyle during the 1992 Olympic
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Games. Journal of Applied Biomchanics 11, 103~112.

Hay, J.G., & Gerot, J.T.(1991). Periscope systems for recording the
underwater motions of a swimmer. International Journal of
Sport Biomechanics 7, 392~ 399.

Hideki Takagi, & Barry Wilson.(1998). Evaluation Hydrodynamic Forces
By Using Pressure Differences In Swimming, 3.

Maglischo, E. W.(1993). Propulsion. Swimming Even Faster. California:
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Miwako Homma, & Masanobu Homma.(2005).~Sculling techniques in
synchronized swimming. Proceedings of international symposium
on biomechanics in sports, 23(2), 932~ 935.

Park, Hyung-Ha.(2002).. Body composition by the amount of K-40
present in the South Korean adult male measured by the whole
body counter. Doctoral dissertation, Herzen 'State 'Pedagogical
University of Russia,;.61.

Schleihauf, R.E; Jr(1979). A hydrodynamic -dnalysis of swimming
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