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Abstract

The core spirit of competition is confrontation and fairness. However, from the perspective of flu-
id mechanics, it’s obvious that swimming contest itself is unfair. In consideration of this situation,
a simplified three-dimensional model is established by using Solidworks software, and the flow
field and viscous resistance of swimming lanes are analyzed by using Autodesk CFD software. It is
proposed that the difference of viscous resistance of swimming lanes can be effectively reduced by
installing a belt-like device near the wall of swimming pool.
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1. 518

TRARIEORG PR 7E R B Se 4 LR e FL R e vk L 28 rp oA B3 152 m, 5K Bedl[1]2534 T8 H CFD BiAY <7
123 RAEWFIKI PR AR ARG IZ 3 R R 7, B € T CFD 4 EEIAR REXHIE vk IZ 3 H AR Fa 5 S AH 5 1)
TARRHEIEFOGRAT TIRIF RIfRRE, S T AR 4 i 2 )% s Gardano i1 Dabnichki [2]7E 4540 H
VKFEBRIKI 20 1E, lid e RS EEAR RIS AR R4, RIUN S BB A 160° R, FH)
R Zaidi [3]58 N, FIH CATIA B g2 4K, RA GAMBIT XII4r = M ARk Es 1, it
DK T S A B AT R A A I 0, A SIS T 55 1) BEL 7 Bt A\ A 5 70 IRt AR X S R P38 K 36 K, A ARSR T
JUT 25 A6 B BYU)E 778 HAb AL B8 K Marinho [4155 AR FLUENT AR Bt Fai kil 7Kz 2l iz 3l
RFEAFEN BER 0 TAT R 28084k, KU TFE 5i23) R G NIRRT, AT /N,
DK R BE R TR s Novais [5]55 A N7 it NARTEAS [R5 BERHIFATREPE R 5200, 8 5d R CFD A AL FiZ 5)
AR 3 FIATHEE (L5 m.s, 2.0 m/s Al 2.5 mis). 7KIRJy O m BRI J31E B0, 15 H 5 /K TH I T HE Ak /)~
HIEIH S BRI N 4518, R4, Bz sh B IIEshiR BEEIK T, M ECR BLE KR 0.25 m i BH
J1 01 RBOE BB K, AEKIREIT 0.25 m &, FH 72 FH 70 REBE KR Z 8T N B, 53] 0.75 m 245 E
F RIS ) 7 HERE JJ R SR B SR G a5 R A IE 2 N8 3 UK KSR, Sliva [6]F)FH — 4k
CFD 2, i3 A EAEA R RIBGEE B 0 00N, XFia3) 51 A & I PH ) R 5o b,  RIER
A IAJFE 0.50~6.00 m I, 4553z 2 G BH 77 Bl 7K I 3 52 R38R 98/, 1 ¥ I IR 3 53 B 01 R BH ) R
DT ) 56%, 124 A AHER 6.45~8.90 m, JKIAAT N HIBE ) REA 22 240 74h Hanna [714 T 3K
HURE St (it vk 2 46, [RIAE AT LR A CFD RSB S A (175 BRVEAN A [RIDKA I AR, b TR
FRASFE RST8] . BRI IZ 80 CFD WA, SHRE sl sh ik ik s 2 T HEEE A

AT U X Ry 2oz Bk, S@iLIEH CFD 1 Bk F6E, Wi A R, BEEATA
IER)FEIE, BCETEILAE S FAG 20T R Bk SRE, ik LB B M I R 3

2. FAKMMEAENEKECTE ERIRIL AR

TEUFIK LRI TUE SR, BHR AR I LA TR e fE B rh A B e b SRk TE, T RGN L T 42
53 T )it Dkt O 5 T Vi DKV B R, X AR AR R A R R . AT AT LE A BR TC T VE A
ANFIKE I B KR8, AR IME Gkt g5 4, A LE 2T B AP, N IEBATE e i A Y,
SR B 2 TR I o BORGPERE 7T
2.1. ik & ER AR DAY RTIR RIS

T R 7 AR fR XA W, R SR s — e A A

B, TR EI AP EEE E ESA RAR

3=, =i 25, KEIBI/HE 1 =0.894 x 107° Pass.

B =, Wik EREshEERAL, HiT Re=pvllu, MITETSE %4 Re < 2000, ] HIWHRA N E R .

B, 5 7 NkiE, B ANTEH R KRS T iR R R, SMREEA v.

v, PKIE %A 2y.
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BN, ek ek oy S #E, BIS0 B KGR AR AR T A A, 290 A

BB, H TR B R IRTT 1 AR RN, BRI T X i IR o
2.2. fERPIERFEAE BRI D SR

A BT A, AR PR E B S IR T, T R AR KR T 1) B0 RS AN, T T X 37 A 4 £ 3 5k
ISEIE AR, AT U R 2 A5 (RIS, TR Dk R AR R AR ARG M AR YR A2 AE S ik & e 5 77 1 A )
AT 77 Ta] B 7K D ) I 32 3 A KO 98 B2 07 ) B R SE BB RE AT, Ho KB R FEROR, - IR AT
R AR FERR B A7 BT AR 0V, oV > 0, Tl RSN, TREEW LAY

%%ﬁ%%mmﬁmﬁgﬁa%§:Q;WL
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PR 7 4 75 4 5 0 o kel 8 7 2 O R BEL A -
vk bR e | = 2V OV
y

2.3. ERMGKIERFEKE Z B AR 1 54
FAB I — T %, E PR ST Y i it BE (1) /K BRI V= 0, TR 55 72 M B 2 [0 PR I8 A R RS 12 BEL T
G RN
Au(v-56v)
—
UK 5 A I i L B T £ 7 I PR A B O -
dv,

—~L=v/y;
ay /y

am%%%gameﬁEmmﬁﬁmﬁﬁ:a:é%;

F=

BRI 22 A5 ZAUAREX 1o I ok 3 P A KRG A B 70 D«
2Auv OV
y v
FrOAE By ml an, A5 R SL RIS B0, BRIV B8 i 0 AR I d AR AN i, 2 R v i
VKT 2 B B PR B D3 A& T W e bk 2 i 32 R VEREL 0, (B A BN, BI:
_ 2Au(v—6V) - 2Apv  Ausv _
y y y

F, =

|

F, -
KTk L 2R AN AP HE1S AR .

3. hEES

3.1. =4ER

N T HEAT SR AT, AR . A R E T BRI SR N O 1RSSR
P77, R RLEHHIE R . BB D8 TR YERL YT, APIR TR, — RBRETERL YT, AR
P BE 5 5 HeAth By (T 40 T /K T A S 0 88) SRR MK TR BN R o« PRI AT LI/ HeAdL B g, AR BE 0
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LB, A SRR A R . TR IR E b gk, BRI — R, R
Kr=02m, FHEMKHEEHEE. AT ET Autodesk CFD BHMiTEL, FIFIH EEAN 0.4 m KA
M PR AL KISt P IR AR A THECREMEBEL AT o RIS [ KGE R PR RE )
R RN AR B H AR B vk WIS /K SR T A~ B AR T, FTRA A = rx h=1.131 m* (A
GEnly 1.8 m, Bl h=1.8), Wk#F OB E/KEN 045 m, KIFHN2m, WKIETEE N 2m. HLH
LMK, BRI EANKIRIR BB RE . B KIRE B bR 2L kot RO R Ak = SRR A R 1] 1~4 TR

1. P& 239,090 H = HE4ER
Figure 1. 3D model with 239,090 grids

Figure 2. 3D model with 187,534 grids
2. IE%A 187,534 Hh = HEHR A

Figure 3. 3D model with 152,236 grids
3. PIt&ELA 152,236 K= 4E4RR

Figure 4. 3D model with 136,260 grids
& 4. M%%7 136,260 By = 4ERR
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Figure 5. Comparison of viscous damping with different mesh numbers

5. N EIM1% % 2 BG4 PR e X L &

3.2. CFD &)

#E Autodesk CFD, 5 A Solidworks 8 . HLis% B i A 7K, 38 N H IR, /KR B~ 0.65 m*/min,
B39 2000 r/min. SRJ5 H AR Ry, SEalsRgE, 450 CL R TR AE R

NTASIARRIEER, P, RS20 TP, o & KER 0L, B SR E SR RS
FEMEERI R R M BN AL, A2, A3, A4, A5, A6, A7, A8 T, id/KEF Lk, H 5 imH
SPATHISFTE, BEA B SFIH, 5 A TR B P E R, HEES RS 50 em (P HEE N CL P, [H
i PR B4 100 cm, 150 cm, 200 cm, 250 cm, 300 cm [T, Kik#E AN C2, C3, C4, C5, C6 .

B PRI AT IE M T 6 Fran, Hr a7 B 1 b il i i3 sk
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Figure 6. B plane absolute flow velocity distribution diagram
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Figure 7. A plane absolute flow velocity distribution diagram
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Figure 8. Analysis diagram of taking point process
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Figure 9. Velocity analysis in C1 plane
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Figure 10. Velocity analysis in C2 plane
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Figure 11. Velocity analysis in C3 plane
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Figure 12. Velocity analysis in C4 plane
& 12. C4 FERE S

(1) EPRE - m/s
saaga

B | | RrdiR TRTFE. 371 O#E ) dEE

WAHR:

100; RFERT/HEZ

— IR

A

[

I\

LA

/

3.02644)

N

\

/

M
|

\/

\
|

/
\/

\
AV

i
i
gV W
®

=

0.6 0.8

a 0.2 0.4 1
BHIFH <meter> (min: 0, max: 1.19976)

1.2

Figure 13. Velocity analysis in C5 plane
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Figure 14. Velocity analysis in C6 plane
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R ME SN Excel i, Rkt A AR, Wh& 1R 2 s,

Table 1. Absolute velocity of water pump centerline at plane C
F 1. KRFILEE C FEKEITRE

IRFEHTLLZAE C 1 1AL 46 008 3

ml m2 m3 m4 m5 m6 m7
C1 6.90488 7.06678 7.38471 7.15883 7.08027 6.87191 7.18973
c2 4.84857 5.52882 5.32827 5.30764 3.81762 4.56838 4.45114
C3 3.37902 4.656 3.54253 4.74779 2.05333 3.42442 3.42442
C4 3.02545 2.83384 2.97995 4.13621 1.92917 2.83644 2.39625
C5 2.29583 2.2506 1.84937 3.02644 1.83663 2.05157 1.83344
C6 1.47513 1.13232 1.12453 2.15725 1.00036 0.810014 1.13051
Table 2. Absolute velocity of the center point of the two water pumps at plane C
2. BAKRRPLRTE C FEALHETTIRE
B BKFEAE BB C T MIBBIACHE 02 1 m AT At i
PRI AL sRAE C P T A 1) 28 3o o i
nl n2 n3 n4 n5 n6 n7 n8
C1 0 0.279603 0.227171 0.399238 0.386089 0.278163 0.315679 0
C2 0 0.2739 0.327956 0.244285 0.469161 0.19233 0.216866 0
C3 0 0.765498 0.627229 0.324977 0.663975 0.291118 0.218403 0
C4 0 0.617035 0.480098 0.601594 0.731133 0.335179 0.455979 0
C5 0 0.530427 0.587724 0.760659 0.941308 0.441273 0.482889 0
C6 0 0.254222 0.43853 0.873188 0.478429 0.301479 0.304885 0

TE: C(1~6): o Hdle s T £ 11 5

(K152 o

m(1~7): FAKEP LS C P n(1~7): FoRmKES LA C il

PR MR, 1~7 JkIE, R B UKIE KR P &7 ) A f 4 X B2 70 Af 2 R 151 15 ffros.

0

0 0.5

1 15

2 235

3 3.5

—— 1k
e 25K B
—— 3%

AKIE
e SYKIE
—— 6B
—e—TIKIE

Figure 15. Absolute velocity distribution curve of water pump centerline
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Figure 16. The absolute velocity distribution curve in the C plane
16. C - E L& FTIRE 2Lk

3.3. BuESHT

[RAE BLZ BB 45 B 7 200 KLk, SV 14> 44 B 255, P A9 IkoE A 1.9231 mis, [t
AT B3R C7 ~FIH#HAT 04 Hoi CFD MUREIMAE IR, 5k AR AH [F),  RDZE i i 7 o mT L= A AH
IR 77, WS- wkasE e vk & Bl AN R ORE MR R T, 36 R BT I8 21 P i o A [

i A VKEKE P E N vy = 2.15725 m/s®. T 1 2 7 VKGETTK E T N vy = 1.47513 m/s?, v, =
1.13232 m/s?, vy =1.12453 m/s?, vs=1.00036 m/s?, vg=0.810014 m/s?, v;=1.13051 m/s’.

H A& KB vk B2 B R E ), AR F = Audvidy ATSRHL, B 1 2 7 K& HEIKE BTS2 2 1 ks

PERR A
F, =2Audv/dy
=1.131x0.894x10°° ><(2><1.47513—0.25422) o
=0.00273 N
[FHATK, F,=0.00159 N, F;3=0.00095N, F,=0.00300 N, F5=0.00123 N, Fs=0.00103 N, F;=
0.00198 N,

HOREPERE A0 R B 17 s

- YK W vk R 1 RE
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0
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Figure 17. Viscous resistance curves of each swimming lane
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H1 BTl A, RIRIGKIE P 52 SRR PR 50K, (N CFD BERUSRARSS SR AT &, BA M ERIBIRE M
7S ey ) T P S 17 S SR T s = SN U % 3 A ) @ R NP (0 R TRV @R 0 g 2
TIREBCRT, X PRI AT TR AE T JE (o EAT T B0 35U T ARG 1 B 7 -5 45 K [R] R T J3E 224 A 5K
Bt LEFR I (] (3K, A viOE TR S 22 (AT, T 3 SR [RGB R PE L A3 K. © L3RR, ik
HWFENIEERAR, SRR A R B, DRI E e bk (e B B A, 5 H TP ik v TR PR A
90, ANTTEUE A 8] ok R AR /DS, ARG PERR B /e @ fESr kB Ik R, i TP Rl
UK PR BIMPRETERL A3/, FLPROE BT e R, 3 B bR (R0 B P A ZEAE I R, AT Bl ]
ek D AR FE 3K, ORGP B T2 8 O, B 00 Rk 385 0 v 18] AR T 3 1A T sl 2 BELRS PO 28R
© HFRETERL /TR, IRk Bl s A 2 T o R Jm T B bk M sl I 2 ks T e (R
BV R PR BORG PEREL 7 SE BT R, KB — e (i, R PERH A E B fE B TR B

AT BAEREAR, XSG HERIN L, &R & 3 PR, RS RR A OLAE C T AL KRR T .

Table 3. Viscous shear stress of each swimming lane

3. BIKEMMTIRA

IKIEHTOLAE C - [T AL PR PR DT 3 (N/mA2)

ml m2 m3 m4 m5 mé6 m7
C1 0.01210 0.01218 0.01264 0.01210 0.01207 0.01176 0.01257
C2 0.00842 0.00935 0.00902 0.00885 0.00623 0.00780 0.00776
C3 0.00536 0.00708 0.00548 0.00761 0.00282 0.00567 0.00495
C4 0.00486 0.00409 0.00436 0.00620 000250 0.00436 0.00388
C5 0.00363 0.00302 0.00210 0.00389 0.00205 0.00284 0.00285
C6 0.00241 0.00141 0.00084 0.00265 0.00109 0.00091 0.00175

PA b B Ak, PRIE RS ZE N 0 JTUREE K, HARY 7 SGERSTEVIN 00y 1, SR HoAhykiE
HIREXSREPE VIR S8R 4 4 P

Table 4. Relative viscous shear stress of each swimming lane

F 4. BiIEEXREEYIN D

IKFE AL AE C T [T AR AR PR DT R ) (N/m”2)

ml m2 m3 m4 m5 mé m7
C1 0.96261 0.96897 1.00557 0.96261 0.96022 0.93556 1
c2 1.08505 1.20490 1.16237 1.14046 0.80284 1.00515 1
C3 1.08283 1.43030 1.10707 1.53737 0.56970 1.14545 1
C4 1.25258 1.05412 1.12371 1.59794 0.64433 1.12371 1
C5 1.27368 1.05965 0.73684 1.36491 0.71930 0.99649 1
C6 1.37714 0.80571 0.48 1.51429 0.62286 0.52 1

YO ) B R AR R PE DTS2 A R 1A 18 Biosss R 2R B s, R aE
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Figure 18. Relative viscous shear stress curve of middle swimming lane
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Figure 19. Conveyor belt type swimming pool wall
E 19. KEEHEENXKthEE
5. &g
SVISRUE, R B 0t A vKE RAA RIVE R . R RIVKGE B2 B ROREPE R 778K, {E N CFD #E4sk
fiRaE BT, BRI Zh RERIZKI, EAHEIIS 21, b IR) K TE /KR O 2 it i R, B s okt A4 BH )
P T /N, AR A [k 8 Bk VERE ) SO ORI, IX P AR S5 A S AR P JE o R 44 DK R R ) 5 &

DOI: 10.12677/m0s.2022.113074 808 e RSE TR


https://doi.org/10.12677/mos.2022.113074

KE R %

VKIE ) R L ZE A %, RIVFEAE LSRN (R0 OK, % Ui Tk P 2 (R 0, AT 3 350 0 ket A B 7 3
Ko @ FEIGEIG, HWFokE Wesd LR, SORTERL MBI, R 2tk B BEI AR A, (B
T PRI R R AAE AN 0, AT SO 17k o (0 AR /DN P BRI e @ AR
IR RE A, R R B S BUOR R LD/ LT GR BT AR, T B U 1R SR
ZEAEIG R, DTSSR m T893 K PRl A L3 K, ORGP BEL 7 i K, B 79 00 ) 9k x4 Tk
H B EEBIEGRIRCR . © W TRER G, RIS R E R & T . fa S B E
Ryl Eh S 2 P T B R P IR IGE IR R B 5B R, JA S fE, RiPEBE e I b sl

MUL B, BATRIAR M58, LERHIMRE B, P IRISKIERGE B 78N, R LR 77 (0 52 M6t v 1)
ViR 2Rt e oy 1b e Sl 2 B St Sl 12 & 2 (S el AR [ 2 B B SR S (A N
RPN PR ARG PERE 77, - RGP RE 0 (52 mi0 3t v ) i bk o AR € T BB BOR AN o E 2 ek
BRETVEGI,  REVERE ) SGRA FIVEH .

SE

[1] 5kIREE, D356, CFD 4 HE ARLEWHIKIZ S 715 10 A 5T A I S A [J]. 4R B R, 2013, 33(7): 70-75.
https://doi.org/10.16469/j.css.2013.07.013

[2] Gardano, P. and Dabnichki, P. (2006) On Hydrodynamics of Drag and Lift of the Human Arm. Journal of Biomechan-
ics, 39, 2767-2773. https://doi.org/10.1016/j.jbiomech.2005.10.005

[3] Zaidi, H., Taiar, R., Fohanno, S., et al. (2008) Analysis of the Effect of Swimmer’s Head Position on Swimming Per-
formance Using Computational Fluid Dynamics. Journal of Biomechanics, 41, 1350-1358.
https://doi.org/10.1016/j.jbiomech.2008.02.005

[4] Marinho, D.A., Carvlho, F., Barbosa, T.M., et al. (2009) The Determination of Drag in Gliding Phase in Swimming
[EB/OL]. https://bibliotecadigital.ipb.pt/handle/10198/3682, 2013-01-21.

[5] Novais, M.L., Silva, AJ., Mantha, V.R., et al. (2004) The Effort of Depth on Drag during the Streamlined Glide: A
Three-Dimensional CFD Analysis. Medicine & Science in Sports & Exercise, 36, 1029-1035.

[6] Silva, AJ., Rouboa, A., Moreira, A., et al. (2008) Analysis of Drafting Efforts in Swimming Using Computational
Fluid Dynamics. Journal of Sports Science and Medicine, 7, 60-66.

[71 Hanna, R.K. (2012) CFD in Sport—A Retrospective: 1992-2012. Procedia Engineer, 34, 622-627.
https://doi.org/10.1016/j.proeng.2012.04.106

DOI: 10.12677/mo0s.2022.113074 809 jé

m

S K


https://doi.org/10.12677/mos.2022.113074
https://doi.org/10.16469/j.css.2013.07.013
https://doi.org/10.1016/j.jbiomech.2005.10.005
https://doi.org/10.1016/j.jbiomech.2008.02.005
https://bibliotecadigital.ipb.pt/handle/10198/3682
https://doi.org/10.1016/j.proeng.2012.04.106

	基于CFD的游泳比赛粘性阻力分析
	摘  要
	关键词
	The Analysis of Adhesive Resistance in Swimming Competition Based on CFD
	Abstract
	Keywords
	1. 引言
	2. 流体粘性在游泳比赛上的理论分析
	2.1. 游泳者所受粘性阻力的前提假设
	2.2. 在中间的游泳者的粘性阻力分析
	2.3. 在两侧泳道的游泳者受到的粘性阻力分析

	3. 仿真模拟分析
	3.1. 三维模型
	3.2. CFD模拟
	3.3. 数据分析

	4. 游泳比赛场地的改进
	5. 结论
	参考文献

