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Abstract

The mission of sperm is to find the egg and pass on the genetic information to the next generation.
Its movement rules have always been the focus of reproductive science. Due to the limitations of
experimental methods, computational fluid dynamics (CFD) has gradually played an important
role in the simulation of sperm motility. At present, fluid modeling methods such as finite element
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method, boundary element method and so on, combined with fluid structure coupling method
which includes resistive force theory and immersion boundary etc., have been used to study the
mechanism of sperm flagellum movement, navigation characteristics and interaction. The status
of sperm motility mechanism research and relevant CFD simulation research are summarized and
discussed in this paper, which will introduce various methods and related applications. On this
basis, the future development of CFD simulation research on spermatozoon is prospected.
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1. 55

HAT, AR ISELE AW A2 W) EE R 3% Be 8 s DS - 1032 30 7 [, WSS AR i 2 7 [ 1] [2] 3]+
TREE[4] Bl 2R 5] (6] BEMIE (7] [81LASKE T FES+E1E[9] 10155, XL AR T 1T
W BRFHRAE TR R . G TSR AR R 2 . LA NS AT N, v e aa O i AT
PRAMRG TR 11] [12] [13]s BETH AN TREF[14] [15] N A T8 R 2504161 TR+ 3KERCKRE,
MR I HVER B A, MEEAER R, S50 75k L RE s 12 Wiz sh it Ar it oe,  HAoulhiE shil
P — R e B HEVE 1) 7R T IR R . IR R B THEN AR K E, THE A ) % (computational fluid
dynamics, CFD)iELEMIZSMIAR . K IR A=Wl s) 7 T W o0 K Je e 1) 1 -+ 4y B HESEH .
CFD J5 i 2 B THE T A HEE R [17] [18] ITEEHFBN[19]-[26] BEMAUFSN[27]. Fatb (28] [29]. #&
WAE[30] [31] ARAFAR FSN[32] [33] [34] [3S]5F UK I L. A SCHE migbbs 8B @AV E 58 T
ZFHLEL CFD WM 7 AT T S MPER, AW TAE K Ti230 CFD W g it 7 ik J N 2
MZ%.

2. BTFHRRIERES &

FREFIEIRITEEE Re N 0.01 Z£4[36], Atk @ KFWHE 7, N-S J5 5% A vt i a] 4 2L 18 75 FE 2k
PEAL N Stokes T, IXFMHOR AR 5 U5 B0 508 5 LUK # Stokes 5 FE R SRIAIRARI SN . ATTE ST 4 ATk
F CFD Mff 78 A A FH AR 320 SR M 7 70 BOKRS ¥ A 7 v B AT TR B IR , FE T % B B s S BT REfil ke 1)
AH N 7]

2.1. BFRRHRIARBES Z

2.1.1. BRTE

A BR TR — R A 3 7 R2 I AU R SR KRB 7 v o O ) B DX Sl 70 i A ELE BRI /138, AR
J W ) T R R IR AR R A FH A DA 25 T SR A i A ) SR A, A B IR . AT BR TV ]
T W5 T HE 32BN AR EE[37] ST i a2 38145 o) @, AH SIS H COMSOL £ Rtk
PERT TR T 5 B 40 A S IE 3 BOIR DL ] 5 (39T A7 PROCIE NI ATUSAL) s 1h T AT LB e i o
BAFRTDMER, P DAERS 7R I A T B i . G TR EE R A MTrEED> ., ihE

It
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SRS A, W TR PR BL R TR AR, ELRIE IR 1 8 T30 0 173 DL 0T
SN, A F R BRTCH AR T A B PR E A SERATIRTT 5 5 SO TR
BRTCEVER I, BECRIES, W30 7 YRR RS W3 A SRBEBTIE, AT 5% et Rt
FPRF, 75555 5 H40].

2.1.2. JBRTTE

Youngren R H T —ME AT “IAFFS IR JVEERARE R T Wiz PR A A stokes AR, X
iR 1 A PR 70 S5 AR RO 2 A DAL PR ASOR X s~ o BR 40 T 5 8 e i [4 1], DA stokes Wi AR 43 77 BRI i N
BBt 7 VE R 2 W IO Stk . IR VF 2051 CFD WM A 7 ok, Wit Joks + 1 BE i 2 AR
217 [23] [25] [26] #&FPE[30]. WESHRCR SRR R[34]55 . AR TA BRTiE A E 2L X 35
WG 580, T TCIEAL TR SRR X 300 A B BRI A e, IR BT T R A S R R
MRZeREL, BT DARR A BB AT 7 2. AR T PR, BB KSR (8 T A B E PRI A
#3120 R I0IE SCNIE KR T CFD i 7 2 S XCR - 7%, 2 T SR 1 1K 3l J 254 E . (R
B ZARE, MHTRETEMHSERZT RS BMHSEA WA R tHE SRR KM DL
B,

2.13. BWTRRESTE

AR A TCEAL G ITNE R HRAZ PR (R 8. RSN EMIESETT . A% T
$ /R 2% 2 7575 (Lattice Boltzmann Method, LBM){FJy—Fi /v TR 1 5 72 W S B 2 8] I BUE Y7 72
FOR RO T2 S Ge -T2 a5 SRR ik Iash, B 1 ORI N-S 52, iR ENZ &
WA RORL T G P IEAR R, H AT ST ORI MO B LT B LA T e B [42] [43] [44]
METAIRIT. WA cFEESTr1k, LBM REfsEE % ks &l 70 AR E @ T 5 i, a5 SR NI FERTEL
B A b Ak TR O TR o PR T AT VRO SO ROBILT T LBM A 4 BRI S, REIR N B K
NS EHLE, 0 Liu SEVE4O B 7RG O BE I 51 707 AL K B 712 ELER[22]. LBM H B AE LA 7%
G R T ORNE, BARER S, MRS OB RS R B AT TRARE
WHUR R TG & RRR A SIERYE, X T @ D & w0 <sh 71 A R B A

2.1.4. ZBRFRIBERINE

DL ARG S T A WA ik, YR ET —B O MR i . 126 TRl 2)
77%(Multi particle collision, MPC)J& T —F o A& J7 7%, A B — AT E kT A FH ik —2
Wk RS, Bk R AR T R AR R AR B, RN S Al AR F G R A AR AR 34 [45]. ST IX Rl
#, Elgeti %3 WA ZAE 7908 AR TN Z B T EAE M, RS IR I s R 3 b 17K 3 1241
H[46], H2ZJEHRF T =400 NS I BEIR 51 LR [19] Kok 116 B A W18 54 (7] R EE T W 5 | LI [47].
MPC J5 45 540 F LBM [FFEEL & R iE B Sk i 50 R, MET LBM AT ZERIS M, fEis
ST A FEAS K A R 0 T o ER 1 a1 MPC S5 25 TR0 1 E WA 57, 7R R & IR TR AR IE AL 1)
KGR E S SRR, XS T it HE SR, HfHAER 7O 7 0 2 2T
M B, (HARIT AR & FEP AT AL IR B R, MPC S50 W% 7 VR 7E TH LA
WA TE AT, LN TR TR AL oA T e .

2.2. BFERDIREBS M

H TR TR M T T, 3 W RS T — RO SR AT B RS M B R B A 22, 4R E % 1l
ZIRIFEX B B AR A MR RAN HOR, BRI A s ST A AR A Rk, ARG . W
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DL B [ K8 5 7 75 B /1 BE 18 (Resistive Force Theory, RFT), % 5w 7+ 77 F(Stokeslet) 515 N 4 F ik
(Immersed Boundary Method, IBM).

RN 5% (Immersed Boundary, IB)fRF-T 1972 44 tH I F T B0 LI AE W UACAA O JIE I o (132 50
(48]0 XM TTVRIGIRBAL A A 1 52 4400 FF A LARLRS B H RS FOR BT BT A 5, L B s s
WAER DT, CAIE A B8 R B B A S0 S AR AR R . H BT CAA 050827 VA0 Tl 5)
[22] [24] [49], H1T 1B REMSARAFALEE S Z0TA ST, P AREAR G MU FORE TN B 0L B . 205 7 R
ERCHT . TR S SR BEATHRARS S, RS T =R AT R A A & AR AR
WREITIH, AR A E R R, TRt SEtR 1B HEM 8. B
(RFT)id i T [ AR T A A R A ST R R 8 Bh s B 2 22, AR S5 INAAS B AR AT R PERE 7, 2
FH A AR B 18 R T R (K ARET AL J5 72338 ]« A RET WJ LABIE 78 BY D09 i [50] 5 BE I PR 18 B AR [26]
R TR RN G R G5 1], EIHCRRS T B 5 LMLt &N, Bril RET &M THF RS A 5%
PERUEE K Sk R AH TR & FH AT LR FOAS T3l 8l [52] [53] [54]. i@ INONik Al TAR A ) 22, s
RFT JEARETER . WHERHIRFURS T 0 AL, andRR e Ve I iAo i B AL B, Jo vk B2 i
ZURW AT JeAh, 2HT RET (PR TR0 4l T HEE RS, Joion =4E5 00 N IR e e 28 it
ITEBIIHT(38], BTz AGME S K IERT SEE . X T IENA G w i 17077 RSM), A 3(1)E7R stokes
T AERE T 3R I L AR TR, AEALBRAEAC#E B I 7T LS 5 — TSRy, R OR B AT — TR
JERr . RSM K A5 h50 P BRI 5t e FE A, FE 51 N8 L bR BSOS 2 b AT Ak B2 T U A ok
fRvk J (x, y) SEUNF B R W B 55].

1

V)= J(xay%q(yﬁk(y)+§% v() T (x y)-n(y)ds(y) Q)

Wk K2 i oaikai 4, HE T ARG HE FH T Skl B R sh IR 58 B I i, e ks 1t
RAHWAEFZNH, LTRSS R T8, Wt 5oRs sl B 5 208 [36] B b 745
G EAPE28] [29] K TE&TME[31)55. FHIET RFT J77%, RSM ek EMAHEMAIER, H
A DA T = 4E 8 BIRE R S AR AL, RSkt B 5 3 2 (IR B 5 V245 & SR N 0 A 92

3. CFD e FEahiIER A
3.1. ARBTEEESE

TR ARG FAKL 60 pm, P HEEKL 55 um, RRAEGUA =4 W sh s B &L, A
RHFFERW] Ca® S0 R 22 S W MEBAR B SR 56]. i THEE RN T 2 ZokiE, HHA
PR G ABLFRBERNL SHEME KA MRS, FrU S 2 SsipiE., &
AR IEEN RS Y R T A ST, Olson 2844 Ca™ M I BEHE & BIHEE AL JF
RICHSHE T2 S B2 [29] o TR EEAR Ak 2 B BU B IR B BIE AR 1L, AT (A4S 7 B s 17 2R
ERZER(52], HEBPIUHH 1 B AR S MRS 1 IR 1R [S 1. FirbL, 0 ferEmf 52 DS B 4% 3t
IR AIE . € MHEBAR AR AT Rk 1 R A DA O AR B AR T HE B R sl Ra e
VEHEATIRTE[37], (HERBh ) 2L BE A 75 RES HE I S MUHE B SE iz sh RO - DURH R 7 A Al & A
R sz mi HAR SO AL 75 BRI . H AT FORRS 7 ROV HEE 2 T SLERIRE R, A RedEmhiR
ANISEIHLEE, U1 Rorai SEHT FUIN Y RN Sk AR 7 BB SS RAHERA([38], P LUREAS T it 9 #E B w3
BERE B V2 LR RES |2 BB T ¥ SR A RS RN AT 7T, {EL RE 75 HERR #R R H IS B iR
ARFRIME . BEANANF T 42 (Al Bl iR, =42 (AR e R SE B (R #EB A R =5 2t — DM .
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3.2. IRBTFSAHNIE

K- SMVLE M iR R TR LA T, HorbE i e R T USRS R
s o TR 52 g, R e S IRIZ s . AT RURIL Ca’ hE EEIR I I AE IR AR R T
W[5 Z2 o] 64 FIE s ik [6]. 2417 CFD Xffafbth I 78 7 ik Ca® Itk 25 i & S i £ 42
BN 1B R ORER TG 118 B (28] [29]. iR M R K 1 8 % B 57 J) el A 35 0 P 5 0L B o v b 7
WEBNRETE . Bahat S5 KB T X AREM:, Z S5 H T NSRS TR V0 Bl S BUR BE (4] BT v I R K
S0 JE TR AR B SR A SRR T 1 B s sh R — R, RS T BB R _E R Sk 2], HL.EA CFD #f
FUHEAT TRAE[31]. BV R TN E S MALHI[1], AHSCSEER[3] 5 CFD B FT[ 304k SEiX P 14
S — MBI EAT N . RIS ERR A H AT — N EEF A W, H A TEtE, Btk
FHORBR L8R/, H 25 T Y0 UERS T3l Se i 45 S e B, I ARAR G #4877 2L A G E
FRH . ERPENIE R IR, HH TR E S SURRAR SR KRS Al R 4aPESs, Wik s f oy
FE SRS R 3, TR A CFD B 78 R iE A . HLEE S — /N BRAR . 10 A R AE A B A 7 B 8 i
— B BUCARIEA b, BANRS T O TR IR R BR B T RIS S L A ELAE LB AR — AR T
KIETT o NG TAEA T X I B i A2 oo ) T 52w BE T i3l 300 450G 7 BB 6 75 A i 08 A 4K FE BE T
gl W7 M), WA —Fh FAIHLEI[8]. ITEEIL R FAE 1963 4F Rothschild 55K, FFN AT RES
KB 12 K[57]. BREIAHIE CFD W58 A b FirBEK ) S I3 [19] [22]. WEshfaE tk[20] [21]
[26]. ITEEJEBNRE[24] [25] S B BR AL 120 GBI e 2 AR (23155 o I IO T4 T Be i 2l M4 CFD 052
R FHLER RO, EE R PR R R BAR T 40 TR, =45 TS
RN IETE S, AR Blgeti i A = 45 RS RE 1BE 11 B W s U AT TR FE[19], (HARSRMKIA T 2
HE— A FE = 4R LT BE T B I Ui S A

3.3. MEBFEESBREDER

R A AR ORGSR T, HOR L ST UTE R AR IELE . — i CFD W FORHA PR R A6 D9 24 1
Tk, SRR S 5 22 5 H RS Z IR AT FE 5. 30 Ishimoto I TN JoRE I BE il 2 i
HI7K B0 77 2SR5 2F R AR o o W B 220 [32], AEA BT TR AR A 0 A 2 (e EA - 1) 51 5 2R 4R 33 ]
[35], IXFPEREERE 5 N ASFINE BT AR At K3l 0 22 5 S B AR Rt 7T o BEAMKRS 7T sl 18 B R it
2 B AR WU AR R SR R A [34], (BARIROR BER R Hrh 1 ) A WLER o B SE A DI #EE ) A A
M sEE, SHHESISERERRY, 8 T ia st — P 45 & AR A TR R RS PR PR JT B L SE3R BT R 1Y
WAL, AT N A 12 N ARS8 o i 2 HEAT 4 17 2538 1A 4R (B 4y (i R S8

3.4. MIRZBTHEERSHE

R FEFRIN TSR G E T4, 7 ERATERESEE S, e RIE RS T9)5
BRI A ESMENS . 24T CFD Wt R IK S /) Refs (4 B 4% 5 [F) 20 S 2 R AR ORE A,
1 [46].

[F# Schoeller 55K ILHEEJE . INEE 2015 ¥ B4R D) 720 MM FREEHE[27], AN A )2 A AT R4S T
BORKE] T “Py” =47sia], KT HBEs) SORARIE S A T — N EDE P N . B T2 85 71
REZROEWHCE. W, WRFEHSE[17] [18]BRERE S5 E MG [27] (58], ks AHE
YER 1N T b o ToARSKRBEE T L D3 . AR e B A i) 5e 3, AR AR A
NG T EAE K LB, st SRS 7 IRER I IFER R R, AEAUER, R BBV
HHIRIEFE 7 18]
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Figure 1. Synchronization of sperm attraction and binding and the phenomenon of sperm aggregation and binding
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XTSI TR E AL R R, RS T CFD B U REE 2B AR I R m g shHLEE, X Tk . AN TR 7
BOFSEIR AR IR, RRIE M. BIRENS T2 WIELT T C 44 CFD BN T 7T, (EARIRAAAE
DU 7R DLAE I B ISR IR 45 R . MR ARSI FEARD I Ja o UL oK B ) W LBE A R RN
RIS NG (A LA ] SORE S AR g S R A S0 FE D . R SRKE T CFD U/ B A B
BRI e ] 8, JRAG LR G OR BEE T T, IIE. XTEE, AR SIR 7845 SR 4 B v i 2 8 i
ARG HEN TR T RATRL R 253015 B2, K TIashfLE CFD # 7R A BATREATR AL 1 2k
IR MEBRRE i SR B A R A B K B

E&WE
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