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W OB RIRE20F B NS BRI ABR, SRR IS ¥ ik AR R E AR RE, FTR
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AMETAK, I3t H o & R B F 38T A A T A AL A He it A 89 % b R ) e RR R K TRR A9 £ Bk A R F K
FiEFh RAK T MR RARL ADATRENE E AL £ 5 R AT R WAL B IR HK TATIRWE E A2 b M TR AT ZWHR
SHAR 69 ARAL I G, 1R H AT R AT AR M K T AT R B AT A 68 SUBE AT IR VR BUE AR | L 05 AR A 1 T AR S 08 A e vk B
WA ARSI N EFRE AWK KRPARRE LR, BHALE, FLLBADHEOFELLTEA
SR G 0 B B, A TF AR IR RO FLAEA T 46 % B £ i A28 R T 4 AR R0 RS 5 AR RACH AR Y IR R
L RE R E WE AR T EAREEAABROAY, REEGKFHKIEZS RGBS AR
RAAC T &1 B — RAR S AD L FAR ) 5 R BB AR BN, B e iR 35 AL BT R, SR AN R B AR 2 AR 04 M A
RAE,

SRR R R i B

HhE 42K S:G808.1 XERARINAD: A

8 35 A K s e 2 s B ] B
% )i (Riewald et al.,2015) . 4 nfE F

R FiE
ABFFE L) K 3 Bt [A] 76 2000—2019 4F

VKB A 2 3 U RE 22 4 dh , By 3 [ 5 150 Uk 19 4 g

1% SR N BIE S X

AN IR BE BN S $2 Tl ik R e AR W IriE 2 —
(Barbosa et al., 2010) , 5 i, [Fi] 28 Jife ik s BH 5 3% Jn 4 13t
P BT 5% — R W UK i R RR BT SR Ak 1 #0 20 4R [
PR A1 2% 55K U Dk i BEL AR HE 3 Ty 178 B A B IR REURIE 5 (1
Fi ,2002 ; Maglischo , 2016 ) il f T B A1 J5 ik I 5 (22K

W 420195 7 DR 45,2005 M40 2 45 ,2004; 5Kk
45,2013 ; 5 45,2005 ; Scurati et al., 2019) , L K& 3Tl
Y55 LB T AR G 0 W B B R R AR AL AN BT R 2
B Al (ARt 20005 iR T4 G, 20055 JE IR AR GE
2008 ) , % {52 3 FE Ak 2 55 SR N I AF 9 N I o 3 1Y A
JRA S TG, AT FE XTI 20 A Ui vk e BH 55 18 T 1E
J1 A CWT 5 AT AR B, B 7E G 45 i vz sh R g #RE
U BEL 5 398 0 4 R 00 0 R DR AR AT 5 1 e L D Ay 3 [

G0 SCSCHERAE R R A0 3 T R R R A DL
VKB M D7 o U AL dn] A A 48 R TS
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HA TS SCH 3 55 2467 18 3L 5 LA “ swimmer” “ propulsion” 24 3
AL, A A5 303 5 A TS SO TR A8 3. 4 N LI B
HE B AR i vk i2 Bl AE 5C S Y ST, 55 15 3 114 B TS
SCAT 4G 2R A8 S0, A G AR B A 5 1R SRR P 2
X SCHRHEAT 4325, K DA Ui BEL RS A0 HE S 3 A U T AT
REE AL

2 R BER AR R
2.1 RTFEATHER IR
211 EATHEE G R
TR KT W AT R B A B AR AT B DR

HA BT 48 K S 5 — R IR Bl 09 98 B2 (Li et al.,
2017; Lyttle et al., 1998) . 1 %%, Klﬁl‘&nr@ﬂ@‘/‘é"ﬁlﬁﬁx
[ . iz 3h 51 78 B /K 1 0~0.25 m B} Y BH 77 {8 35 2 %
(Novais et al., 2012; Vr Mantha, 2014) ., 7)}2‘{&@7‘37{7]("[:
0.6 m B 2307 1] 200 (IR 25, 7K R 1.0 m v & i 3 2 51 AR
N 3Z PR BH 1 1 52 W (Vennella et al., 2006; Zhan et al.,
2017) o HUk, A [ 33 5 R BE (0 7K W AT R B R ] o
TR 32 ) 5K R B 2 A R RIS R B, E AT R
JEM 3.0 m/s TREZE 1.6 m/s 3 FR P, 227K IR 0.6 m v B 1)
AT S IA] H AR K T M AT (57K T 0 em) 22 0.18 s, 26 1 s
5] P 7E 7K TR 0.6 m {37 B A 1 47 I S LU AR K i T AT 2 4
0.31 m(Lyttle et al., 1998) (&l 1), [EAT, 55 —IWHF57 B,
MoK T W AT ) 3.1~3.5 m/s FFEZE 1.75~2.2 m/s
IF, B B A 3 5 K T B B 32 30T 15 (Elipot et al., 2009 ;
Lyttle et al., 2000) , 7] 1A Ky Jiiz 2 63 55 — I R 7K S 4T 1 5
TEM B st e, EAEENE, BaikG AR
49 A K e KTR B AE 0.92~1.03 m, He 3 8 4 iR B 7E i %
JE 19 7.5~15.0 m(Tor et al.,2015) . Eh%k??’%ﬁ%ﬁﬂéﬁ
— YR AT IR ] VR R BB | K A B R A S
W32 2 B R Re D) AT A PRI DR o PR, AN ] R IR
JERK AT AT o ok A2 5 s BEAE 1.9~2.5 m/s
b, 5K AL E W ATAH L, KR 0.4~0.6 m A7 B 94 5] i
1T HE B8 FE AR 10.7%~19.9% 11 BH 77 {8 (Lyttle et al., 1998) ;
3% Bl GUE B KT 0.5~ 1.0 m (W EE B I, 35 3h 51 1 B 1
HE NS [ A% 8% ~24% (Elaine et al.,2015) . 3z 3l 61 {4 3 473
BEAE 1.6 m/s if | AN [R) R BE A7 77 A B BH D (A2 fB A KL (B
1 R it 1.9~2.0 m B BH g 19 28 1k 5 35 38 K (Lyttle
etal.,1998) . fx)i, 7EAFEKIEM KM (1 m, 1.5 m.2 m
3 m) 38 3 BOK R AT B 1 R E(C,) R RE bl 5 1
A R B 1 I T Ui/, H 2 A8 5 T IS (29 0.25 m) IRFBHL g
{EL I 13 F) 5 (Vr Mantha, 2014) .
212 EALSEHEME

AT R SR B R 5B R R &%, Kb
W7 I 0 B A S — AL 4 Bl o 1) I BRI 2R AR 2 4
AR 5 20) OF B U8 42 780 28 A, R T AR 5 3) 00 R
80

TS W RE R 5 4) A0 RP 3 2R B S 4 R R . 4k
U7 ELWF 5T 245 R WY, R T e Ot 2k 2 s S g BEL O (E W
AR T TR A 5 PR T TR, ORF R R AVID b g £ 7 5 3
B Cp (B TG i 35 22 5, (EL0 B 46 A 6 34 1) C {1 i I T
HoAth 3 Fp #2445 (Marinho et al., 2011a) (& 2) . 7K 0l Fip 7
LRI AT B 1B/ AT RE S i T O LR AS TR Bk
LN N = N 1 7 7 NI TR 7 M| 22 N R 7 s e
TS 03 R B A A RIS I EMIR S i BE )
% (Marinho et al., 2011a) . BLAk, 72K F ATl 29,
iR B AE RV AE LT B E S, & S 8us 8 i
FE S 30 5 B AR T O S A R 1) R A E%}Jiz‘* JiE 7
Eﬂﬂkiﬁﬁi%ﬁummhmﬂhm%ﬁhﬁﬂﬁ
b AR B AR T

E1 FREREBRTHRTEESRES (Lyttle ctal., 1998)
Figure 1. Gliding Speed and Distance in Different Depth
(Lyttle et al., 1998)
EACREVREH LT EATREM 3. m/s TR 1.6 m/s #98F 1] ;

B: RRREN LT Is ABATHIES .

E2 FREETARSERSNETC,E
Gliding C, Value of Different Body Shapes at Different
Speeds

Figure 2.

213 R XG5 H

P W2 5 0 AR TR RN R 22—, TR, &
K32 B B I - OF fi L R (BB LR ) B TR S
(Watanabe et al., 2017) o P 43 Ay fig = 0 0 (47 5k i )36 )
I 2E W (K ) o Bt 2P I SR b i ik v
TP, WS D, T BERE R O K Ok R s IR
2P W SR RS UL I R, W8 A A, RS B R I 2
[, JEE 2385 2 F J7 (Maruyama et al., 2015) . #F5E M,
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KT W AT R FH I 2R WA T e 2 I, A AT A R) (32
BV B TR K R AT MET2 s 14 s Iy, R AIE
%IF I RE % L i =X 0 0% B 22 8 47 0.07 m AT 0.12 m, [ i
Cy, F R 5% A L Mg =CnF 0, — 5 T, 8 =X 0 0 A 6% 5 A
R T7 0 G RS, (0170 55 50 5 53 — D T, X P I g
% A ol 20 e G T R[] ATl S 4 A 0 KT A Ay 1M
IR BE DR/ Wl D 7 T R Y i A, DA T R AR
BE 77 (Pacholak et al.,2014) .
214 KEAEHREME

JKR W AT I Sk 3 A4 57 5 23 % BEL g 7 A — S 15 o
Rt TR R S AL B AT LU BN AT A 6 Bl 1) P
BEE TR, K3 (IR B PLRTJ7) 52) B T
M, Sk AR B XU BARLR J7) 5 3) B8 & TR, 3k
TR OBUHR H LS 7 ) 5 4) PR R0, Sk 3 i 4h OBUER H
LRGBS T L) 5 S) BB ai i, SO 7
ELOBUHR BT 5, B Je 7E WA v 8] ) 5 6) WO i g1, Sk
AR CUIR B T, R ETHE TN . WEET
A Ay ek K R K RV R AT R R B B AR
JIE KT W1 {4 (Vilas-boas et al.,2010) . BF5E &3, 4
VU T PR 7 A4 S 98 4R 2 A R I A K S DR
LK PR K S 9 AT 4 F BH 7 {5 /)N (Cortesi et
al.,2015) 5 H SR H5E7 BB SO0 T Sk IR 3, °F
L1 Sk 0 22 4 BB A5 B AIC 4% 19 B BH ) ( Zaidi et al., 2008) .
215 ABBAELEHEM

AT R R (32 3h 5 AE W AT I A BT E AR ) . BF9E &
B, FE 2.2 m/s TR BUE BT, 48 = AR A Y BB (8
(81.88 N) <ff] B J& (84.76 N) <HiJ¥ (93.49 N) < fifi [l &
(103.862 N) (& 3) , 3X J& f T8 = A M8 15 7K % % R A8
oL, T KR R T8 B B4 1 BRI 25 (Li et al., 2015) o
Naemi % (2012) #5755 T 8 = M G IRIE S 7EK T\
FOWEE R I, Y58 3 ) B 40 BE L (fineness ratio of up-
per body, #>-0.788 ) | i —JIZ ¥ 4 B 5 %X (chest to waist ta-
per index , #>>0.808 ) | IZ — B ¥ 4 i 45 475 (waist to hip taper
index , r>-0.759) %48 b5 , 212 2l G114 1 - 0 Ak 4
(r>0.732) JE-TBHEERRE(r>0.718) 5548 5K FH1T
A0 I A G B 5 1R, IF 9 4 R T 0 O R R S A
M R AT R0CR B 2 b B T UK 02 Bl 51 B SRR AE (2
FEE YW BHRAMAE) . WA, BHIBE S [ B A E 2 [F
B2 00 Y ik 1) RN 2 B (added mass ) , B i ik st 961 7 9 46
NI A F7 o TR S Bibn 3 B R g R (F=
0.84) , TEZK T AT , AR 23 32 3] 24 1/4 1A T 1) B Jon ot
H O, A EE A B S BH ) (F) A 5 22 10 45 4% 2 — ( Ben-
januvatra et al.,2001) . Ziz 3 5l W INE w2 /> T 52
gh 51, B M 4 32 3h 51 Bk 3h B ) T K (Caspersen et al.,
2010) 5 [AI R, FEAH R 22 51 3B, 75 A 4R W Uk 42 8l 51 i 4T
B B4 S BH 7 s T L ik As 3 .

3 AEfFKIES R AR 3D &R (Li et al.,2015)
Figure 3. Four 3D Virtual Models of Different Swimmer’s
Physiques(Li et al.,2015)

22 VR RIEALE M A

IRk S By g R BE T — SR 4R 98 B A LE D)
— 438 3l GU S T SO0 T 2, LA 3R A5 4 e R EROR AR
T Y 48 14 BE (Bassett et al., 1991) , 3 T Jiff 1% ( Chollet
et al.,2000) . AR 12 Bh O3 ek 09 AH X 02, 77K B A
Ty Y\ BA R BE A I HE R B

M2 %3z 2 RN BRI IR I R B i 2l B Sk 3 4
T 40 32 Bl D) B U BH 2% SR B 4 (Beaumont et al.,
2017) . LR Won , R is 3 0 A FE R BE 0 T %
11%  FLER T F% 38% .0 % T B% 6% . 2 41 T [ 6% .RPE T
K 20% ] i 52 T+ 6% , BH 3 (B F- 24 °F B 24 26% ( Chatard et
al.,2003) . AN, BUEBLL IR, R 19 C, ¥ {8 7] 21 43
i35 3 51 1Y 56% (Silva et al., 2008 ) , i F& Bifi & 1) 3% 1 BH F1
VoK BEL 0 AL RT3 125% , 1 B 32 6 200 9 08 B 3 7 72 O 2 i 32
1 b1 1Y HEE 7 (Yuan et al., 2019) . 7K J% B8 (water wave
theory ) TAZH , I W SR 1A N Jr R & T o 85610 %
F J7 FE TR, 20 R B B AT AR AL T U A S AR Ak T
W B, 2 3 R T A B A S 1) 5 43 A e T B AR
e B P iR o3 A 2 4 B B R [ R 7 A HEE T R
24 2 I A B R 0 AL T D 0 T S AL T I A B OO A
G AN N A B o B 2 e SRR, i M o (11 E A N
2 2 B 55 AT A A I 400N A2 B B Sk [ AR Y
IR A A 2 32 3l 5y Y Sk 45 TR, 1 I 4507 52 Bl 53 DA
53k AR Y TR 22 A8 S H A O 1) B Y 4 2E 77 (Yuan et al.,
2019) . AW I, 2R KEZ 3 A% Ja T 4z 3 5t
AT 50% 19 B PR BE B, 45 A2 Bl 5L 20T R A A1 19 g
12k 75 IR BHL /7 ( Westerweel et al., 2016) .
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M GUEIZ Bl BLAE A 1T R B S Bl 5L AR S T B S
ia 2y GO A IR B ) 5 R WS Bl B A O . Bl
TR B, 2 2 4442 3l 51 9 HE HLAE 9] 0] PR BE 25 =1 m i, 38
5% [ (1 9 5 BEL 7 B AT DL Zm AR o S R B
B3 B G T AFZ B0 51 0.5~ 1 m, W BE A% 6% ~ 7% 1)
FH 77 (Chatard et al., 2003 ; Westerweel et al., 2016) , X —{i/
R EE SR A2 B0 51 1Y JE R 2 8] ( Beaumont et al.
2017) o WAb, 24 2 24 GUiFIE 3 5L ORFEIFHELE R, 1 2 b i
3 B AE 2 4 T2 3h B3 1E S O I D BELRR JE B T 2 B
iz 5 5 BAR BT AE 1 9% 1657 - ( Beaumont et al., 2017 ),

23 HAEE R

T vk 5% 25 D BRI 7 B IR T Ik AR MK o koK
J5 T, 2009 A [ Rk B P 4 T AR s R K OR S L A
FMF 5 B H A BRI 4 — Bek o AR VKR T, WF ST
(VK 8 1132 2l 51 7R K R AT I AT AR AR 2 15% 114 3
BH 7 (42 5] 8 % 4 1.5~2.5 m/s) (Marinho et al., 2011b) .
Ll AL VKON BN RS T, B3 4 Ol 2D 3D Uk
B o 2D Uk WE A 5 feE B DFHE VKR , H TSk NG G B 2
(5 2 7 Sk 3 23 7 R 8 A8 T 3D UK IR A — AR A . B
SER I, 5 2D Uk 8 A H , IR EK 3D Uk B (1942 ) 5 AE 1.9 m/s
A2 | WU T AR A% AL 6% 1Y BH ) (Gatta et al.,2013) , [
I 3D Yk B 0 2 S 1 W VKB B Y Ik . 3D UK IR A 3
UL SR BT LAY LR R IR BRI g 2R 7 A 7R VK
(Gatta et al., 2015) . XJiz 3l Gt #4717 900 YA K T FH 75
I3 B, D BN () 28 B VK I 19 32 2l D3 7E Bl it 26 AL AT
CRUE 8 F 3k i) e BHL g {06 W 3 22 5, (HR 3 3D 7 ik
RUPKE (14932 3h 5 267K T AT OSF BF4A 28 35) 3 vp
FRI B A A 5 (159 N, 1.9 m/s) o

3 KR DR AR R
31 FHRESLRRA

i2 ) 5K I T4 S0 R 5 R S X ik HE S 7 Y
oM — BRI R R 2 — (R R %, 2006) .
B 96, 18 ) B RK B AN TR Y B S IEARIE A 1 T
XK BRI FE I . Vilas-Boas % (2015 ) HR 41 F.48 1) 41
JRFI WO B 6 T2 (RLAE AT ) 43 S 9 MBS . B
FW, A6 T2 B 2R BOBE A B A (AA) 1 15 R 4
K, IAE TS Ry 90° B 35 B d5e SAH , 117 4% T84 09 F- 1 R 4K
(C,) e KAHAE T A g 40° ~ 60035 B e 44, P 1% #A 3 5E
Bl AN Ry 2 4 & DAk B ATt i S A o o e Ah L 7E
FIFEBCAT , AR F8 40 58 R K B () C I 5 /N4 40 5
] 7K I} (Samson et al., 2017 ; Vilas-Boas et al., 2015) .

HW,Cy 5 R R MR 5 NI B R HEH
ftls U 5 5 [8] 5.5 2R Bk ( Takagi et al.,2001) , 1 C M K 2
A K C, MBFFEHE L, KRG 58 4 M e - DO 36 b 55 e JT X —
TR C (8 5 Ho At T UM% 757 (Vilas-Boas et al., 2015) . A
82

W] B 5% 24 8 1 DU 48 B A $8 1] BE 09 B2 A7 K [, Minetti 5
(2009) 4§ tH K F 3 48 ) BE 72 ) 76 0.32~8 mm A] it £ 42
15 8.8% C,; Lorente % (2012) 1A i 5 45 [a] FE 4 1 76 0.2~
0.4 D(D Jy HAR T8 H A2 ) Y0 I BHL 77 4 9 77 42 T 38R A
A8 5 A WESE LAT-468 6] 1 2 2 B2, DA R 0 i ) 428 ) 7
5°(Bazuin, 2018 ) fll 10° (van Houwelingen et al.,2017) i Al
$ETEBE Iy Mk Ty o (R WS K B, $8 [R1HE S 2000 /) C,,
AH L T 45 B 0 22 T B 1.5% (Bazuin, 2018) . £ % C,
FIAFFE 46t , R ARG SN R B (% CH K T R AR 2 4 R
WIS (Takagi et al., 2001) 5 53 A 858 & B, KRR 58 441
J& - U5 5¢ 4 P Bl R AR Hh S A e - DU 95 o8 4 A B R AR
6 H AR A1 e - DU i i A S T R R AR 56 4 A Bl - DU A vh 4
JR& TFIX 4 Fifr - 20 % 4 T+ T 77 09 /E A 35 (Marinho et al.,
2009; Vilas-Boas et al., 2015) . Uk 4h, PU 48 °F ¥ [b] #5 7€
0.32 cm [ F-BUXT C, 119 BTk %6 55 U 45 4 18] 5k 0.64cm 11
Ocm i B K, 32 ] B 5] B J& T d A C (i 19 =48 ) .3 [
(Marinho et al.,2010)

TR AR Cy C WA A — R . T
HE R SRR AE 77 AF d R B D ME, LT3k CROIR ) i
BREETY R 0.4% ~0.9% , 1M F2 5 12 25 B0 (¥ BT (i e 1, i
WK A2 Bl G AE i Uk i R T B 52 75 TR 22 B LA AR 1) 4 Fif 2
TN R BT 2L 7, 42 i 7 3 (Bazuin , 2018) .

32 KTHELIEDR:A

15 Bl GUTE R B Ji5 UL o) T 4R R OB i 4 2R 2
e, PIBBAE SR T ) T B 4% IR 3 2 W B4R
FUR AT, AT # 2y B 0K ) 57, 32 B VE R S 7K R I KR, 5%
FRIKF 2 IR AU 4T R (underwater undulatory swimming ) o

KT TR T R B (9 B A S R R R ) B R A
TR 12 Bl GLAE YN BE B i BH g HE S 7 LA KT 48 B AR
SH MR BT . PRI R B, A KR I KR
B A 3 R (W, /W) T 11%~29% , 1 i 8 8 A5 34 3)
LN 56% 5 155 KT8 3 3T RR 57 1 2R 4K (strouhal num-
ber) ¥ {f 7E 0.81, 1fif A~ {4 1 # % {8 A ik 0.45 (Von Loeb-
becke et al., 20092, 2009b,2009¢ ) , 7f LA H 167K T i K
JoR B 8RB R I I KR 1 AR 5 a8 Bl Bt
M B R B FRK AL E A E . ZEK T 15 m A, ) 44437
P et D 9 K R L ORF B A A7 s 280 23 B 35 5 L A K 1 e A
A iy A A 58 B R F 43 & L KT, 5 B0 JIAC IR 1 2 28
15, BALSE 32 B, ASHI T B2k 7 #E ( Collard et al., 2008)

F B AVE 1 B Bl 43, K R U IR BR AT 43 AT (e fik s
A iz 50 AR AT B Be (ol s A 47 550D o Higgs 45
(2017)%F L3 ATF 145 By BE 938 s S 48 br b AT 13— 25
5 Ja &3, TR e 2K ST k2 3l 51 i T JBRAsR 252 B [1] ( du-
ration , /=0.79 ) | 4 il 3 E7 1 JEE 1% (i ( peak vertical toe veloc-
ity, 7=0.71) . B /K42 3} 14 K (body wave velocity , =0.81) .
5 -2 3 B (mean knee angular velocity, 0.63) 1 4 ¢
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5 A 1 0% {1 (peak hip angular velocity , 0.73) 5 F 7 B Bt
Y 3 B2 BE ) IR o v, S OGS R A A L
0 G 3 WA {5 R RE R ) RO AR OGRS L AR TE I
6 B, bR g 5C 7 A i B e R SO R B O T PR
i BE W i HE I OG5 Je i R 4 R, DA T B 4 b ol 2R
KATHEIE , T AT B BOBU e . SHIE A L, KPR
785 1 128 2l 53TE B O J il R FT =2, HCE O T A fif R 3l
VYEH A 3543 (Arellano, 1999 ; Atkison et al.,2014) . &if iz
2 UK B A E A6 U AR TR AT EE H &K iE F)
G WY B B A AT T L, BT BB XS B M (kick sym-
metry ) 54 (Atkison et al., 2014 ) . 76 T FT B B, Bk 7 &
I A (7=0.86 ) ALK T 132 3l 3 3 (r=0.72) [A) A 5 2 2
T FERS, P, 2R B AT By BeRs A, B0 ik 3
JEE W AFL (1=0.85 ) FINAK 422 20 38 2R (7=0.78 ) & FH M AT 18 JIK
JHR 4 & fE 77 110 EE 4B Bk (Atkison et al.,2014) .

AN T 32 3l G B8R R 22 e 15 T RS R R i
JEA K. WRoT R, 56 AR IS 20 4 [ 383 Uk 05 3l 51 Rz
o5z 2y GyORE FEGN B B B K T OB E 43
(1.2£0.13)m/s . (1.45+0.23 ) m/s F1 1.614 m/s , FT iR 45 4 73
5k (2.134£0.23) Hz . (2.18£0.34) Hz 1 2.139 Hz; $] R i
&} (0.46£0.06)m ., (0.5340.09) m F10.618 m (Arellanoet
et al., 2005; Connaboy et al., 2015; Von Loebbecke et al.,
2009a) , AT LU H AN R 7K 5932 3l 53 7R 7K T T A 2 32
i P A 5 Sy T A DX B AT R AR b DD
WO U VK dz8 Bl 5% T AR S IR [R] P 3 DR HT MR o E%aé
T B AR % 4 KT BRI B 7E 2.18 m/s Y 5 0L 38
T, 3B B GUKCE BRER 5E Y Bk B 1000 23 BEAIG 16.4 N 1Y
BEL 3 4f 2E Ty, T 2R 5G4 8 JE 190 1000 BEAS 1S 0 31.4 N Y
BH 77 #fE 3 /1 (Keys , 2010) .

33 FAXIKLMHEEA

TR IR WUk oz Bl BRI ) ) 3 207 5 Rk
R 7K BE AR AT R Y #E BE Ty (ARt 45 ,2006) o BFFE KB, 36
55 W ks 8 5 AE 7 m 2y e, 3 T FTRR (B I AT
7 A B S 85 e R B T U N S 3 B R L gy
57 85% . 73.15% Fil 41.36% , 77 15 45 W] 5. 14 A 1 2 7 (7
e 45,2016 ) 5 75 30 s 42 g ol iy, 55 5z 2y 513 T R4 B i
3k 71 5Tk % Ry 70.3% F129.7% , 1 ia B 5 R 66.6% Fil
33.4% (Morougo et al.,2015) , FLATHE 5 K] At T 2 IR
T U R AR T (Fh T 45, 2005) o 3B 3 AR R K B B
55 4K W B 9 BEL g 4 E S A TR S HEE ) 5 AR TR) 3R
A IR, oK B BEBH 3 it g S 3w T K B B
M 77 76 HE K B B 9 53 #k & 2 5 T R K B B (Bixder et
al., 2002; Kudo et al., 2017) , &8z 3l 51 76 T8 A K5 52
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Research Progress of Swimming Drag Reduction and Propulsion Technology
Optimization
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Abstract: To summarize the research literatures of swimming drag reduction and propulsion technical optimization in recent
20 years. For the aspect of swimming drag reduction, the wave resistance of 0.6~1.0 m underwater can be ignored, and the gliding
at different speeds under this condition has a certain distance and time advantage than that of the water-surface gliding; the
underwater dolphin kick of lateral streamlined positions is better than dorsal and ventral streamlined positon, and the overlapping of
hands in front of the head will slightly offset the center of gravity of the body; abdominal breathing is better than chest breathing
before underwater sliding; head-middle position reduces total drag by 4% compared to head-up position; the total resistance value of
inverted triangle shape is better than that of inverted trapezoid, rectangle and ellipse, and the additional weight of female swimmers
is less than that of men; in open-water swimming; the closer between draft swimmer and leader swimmer will lead to a better drag
reduction effect, and the drag reduction effect is different when draft swimmer at different positions; the swimmer wearing 3D
swimming cap can reduce the resistance value by 6% compared with 2D swimming cap, and the 3D Golf concave point swimming
cap has the lowest resistance value. For the aspect of increasing propulsion, the finger opening and closing and palm shape have
different influences on resistance propulsion; foot is the main propulsion force of underwater dolphin kick; the frequency of
underwater dolphin kick is similar among swimmers, but the kicking amplitude is different; ankle flexibility can improve the
amplitude of underwater kick, but the compensation of ankle flexibility asymmetry should be considered; the forward extended arms
have inertia damping effect, which can reduce the amplitude of arm up and down motion; the net resistance of left arm and right arm
in crawl swimming is significantly different, but there is no significant difference in backstroke. In conclusion, the non-complex
swimming movement research is a hot issue, and some research has paid attention to the resistance optimization of open water
swimming. However, there are little research focus on the complete action and technical optimization based on four swimming
styles. The research on the complete action and different movement speed, amplitude, frequency, rhythm and posture need more
future research. China has some advantages in drag reduction and propulsion technology optimization of high-level swimmers, but it
develops slowly in the field of basic research of fluid mechanics. Therefore, interdisciplinary research should be strengthened to
make up for the shortcomings and deficiencies in this field.

Keywords: swimming; drag reduction; propulsion; progress
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