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B AR IR B B AN BT KR, T4 45 A4 1 2 =
T, R T Y PR A 2R O B 2% o R D AR
BEL A ) R BER r, HOK B R E AR AR R . A
SO AT SCRR A A K Bl 3 i 28« AR Bl 28 i 7 S
WA B i 3 A5 I R IT ok o il ad A DAL 3
AT R, AN 4 R AT AR Bl 1 R Y
KT 1ay, LI DR B IR 50 2 4 . S BUK = SR8
RIS K SRS %

1 MARKEN A ETEFR

DA 77 8 7 AR L 4F & Rt . A 19 it
7 60 AR S, MAEFRIHIAR H #3 EI 2 8 52 3
Ak (Sievers er al, 2021), BT AMTXF K7 5 075
SR g5 8 HLT v DX s ) A BR D90 7 B 3 9 e 1)
TRIZCIE o FH EG T, AR 75 FF I Sol 75 22 1 I T
B AL o A AR Sy 33 3 I A v e BBURR ) 4 18 4
T LK 2 S A% 0 R far 2k L R0 T A 0 1 0 g i
i, L, AR R IREE SR RUBE N A K 3
FIfr BRI AR, X OR B TR X R4 | A A
ST LN

DA F P 2 G 2T %, P T IR ELAR R /N T3
H LS, 8T/ . SRy TSN A K Bl g 4
AP, AMTTE R R A2 A TR KA
WA 7K B 3 ff 2R 2 38 A 2T o3 R 2

Morison #4Y: FEK o B el I 5 H ISy
A3 BMBE R R AE BT 5 BR BT, 4T Morison J5 #21T
SRR AR L i 32 A 4, I SR A< 12 R U VR TR
WA 17K 3 J1 fap 2k (Morison, 1950)., Morison J5 &
mr:

d

F=Pb+F}:%pCD%U2+pCMV?% (1)

Kp, Fy MERTTEMAR LIRS, F oS ERTE M
KEWBAETT, p RWIREERE, A, HESHEUTRATT
W EE TR, U X E, C, #nil R
, C, WA, Cc,=1+C,, C, M
AR, Vv MR

24 XA 5 3 AR 7 A A GHZ Bl Brebbia 45(1981)
AU Morison AT -

1 2 oUy oU
F=F,+F, ==pCrA Uz +pC V—L+pvV— (2
DIZprRpm 8tp61()
K, Ug WG 5K Z B AR T, Uy =

U-R, RNZHINHEL
T LT AR R ¢ 2R A A K 9 A B TR A A L
A B THT BT, 1 T BT A 8 52 B A A AR A3

FEVRNZE S5 o AR By ) fop 2T i 5
1
FbZEpr%UZ (©)
1
Fl:EpCU%UZ 4

K, ¢, RMAKTH I RE 2540 Q)~@)nTH,
T AT 31 7 4 2 10 DG BEAE T 2 X AOK 301 1 R 80

Bifi 5 IO A A ARk | ol T2 A R R TN 6 T I Y
M ZFEfl, PSRz el Ve LR S &2 4%, X
HR A O A7 7K 3l 1 72 B0 53 A 7K Bl 7 fap 0K 3 0%
K2 L, 0 A A5 750 3 0 sl 0 37 LN 1 fie I 4 114
Z S SR . Leland (1991)3A K R A /K 5l 1167
5 MR G5 SHOR G SR, ARSI S5 28
A2 AR XA ] BT R AR D 1 2R 7 I D A 25 A
TIE R i A T ) s ) T 485 5 I 4K 7K Bl g i 28 ) 10
FiFE (Dong et al, 2020), MAh, TEFFHLFEF, MA
7 B YIS KRR, —AE SR A
R7K Bl 1 fef 2 (He et al, 2018),

T AT TR ACK B A B S AR, N 3
Wr 2 2806 W AK 3 1 g s . ZELL T N4,
5 I A TK B 77 Z2 850 B A W 550 e A K Bl g A 2R
)53 ] 1 77 T R A 449

1.1 MKRKINEEH

[ N A5 R B MK AR AR T, s B
RN e i 52 AR Y 7K 3l 0 FR B8 AR i oK A I A K By
T a5 A B0, 43516 Morison #5250 55 ] B
JURR T K 3 1) REOT R ZRA
1.1.1 Morison £ 7 TERFEMT, PIARRKB)
1 2805 T EU(Re) % VI A 5 (Zhao et al, 2007a).
Kawakami (1964) i Morison 77 F2 % ¥ 4] i/ K 32
PEWIA E 7K Bl i 8 AT TR, R TE K I SR
T, Morison J5 #EH U OR B4 H 73, A A4 B T &
BT A5 S BE (S,) FIZK T BUA (o) , AN S 40000 11
BT,

Fredheim(2005)#& it T T 45 15 22 E M B A %% 52
iR A R

2
d, (a,Y(1 1
Sy = T )
IWEHEV lw EH EV

KX, d, WMELEHRE, [, WHBKE, E,=
Dy I2Nyl, =sina, E, =D, [2N,l, =cosa , Dy Hl

Dy, 53 IR WA SEE M A B, Eyy F1Ey, oK
D5 ) e H 7 10 B H 4825 /5L, Ny BN, 43 500R
17 AT 52 75 1) 14 I S, T P A e S8 5 1) 1 I H
o, 2 A SKITAEL,, FACEA S PEATA 1R .
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Fig.1 Fundamental properties of the net

a: LA EIBMENMA; b: BEWZEIEME; ¢ RRKMIE L
a Knotless hexagon-mesh net; b: Hexagon-mesh; c: Definition of attack angle

YRS H AR (D, 1d, =3.0~3.3, ELARHL
(HF AT PREE T AT, D, MEETTREAR), A
DR A 228 12 R e A e 7 S R Y Y T AR o AR A
2017), X FZEIE M H AT 45 WA, %5 S0 vl 58
AR AR
S =—21W2d ot —(d—wjz [i+i}r—7m‘i —84.Dy (g

" 22E,E, \2,)|\E} E? 812E, E,
M E, =E,=0.707 B A HTEMH .

Choo %5 (1972) %7K it A HI T a4 %7K 3h ) far
BT TARSE, JERIA P o3 B4R 00k ) far 4%
IR IR - D O pIA7A= v L1l
8

Re, s

(1-0.87572) (0<Re, <1)

" 114548558 °®  (1<Re <30) ()

1.1+ 4Re; > (30< Re, <10°)
1 2
Cp, = mu(0.55Re2 +0.084Re3) (8)

K, Cp, Bl Cp, 73 58 B8 )3 0] T [ 46 B2 3R
B, u XA PE, s =-0.077215665+In(8/Re,) -
Re, by 5 T3k 1) 32 1) B v 40
DeCew Z#(2010)%f A (7)M(8)HAT T i, 15
BT K BAE R ICE 15 05 M B A 8L R AL
Y R A 25 HAREKI (D, 1d,=3.0~3.3, ELRHL
T RS BREET HEATIA) , N E AR ZE 5 AR TE
— e AT K 5 AT AR BRAA A T A B (R A A, 2017).
Fredheim(2003) 1% 45 5 #f 43 #Y #i 8L J7 58 8% 0 % 1
1.0~2.0 Z [0l % R BN BRI Z45 6 I ACHS 19 19 G
LUk HARLLCRERENE,

TEBIR AT, WA IK 8 0 RECR S T it 4L
AX, 5 KCHEA KM =M, 2007), 5T REE4Hr
Ji A A P AE B B [BIAE E A9 IR 07 vl 3E 2t DA
TARMITRR:

2F UT UD k t
pLDU;, D v DT
X, LB AR, kb 5 R: 2 1hT A4 A REARE
BE, T RBGREM, U, KBS E—A AN
BRHEE, D NBIRER,
2 Morison 77 F# , A% JE B[] [K 25 4 52 e v 45«

k
Cp.C,, = f[Kc,Re,B} (10)

KH, K.=U,T)Iv, Re=U,D)Iv .

Zhao 45 (2008)%E T e/ e i1 T IR AR H
TR K T R 5, ARER, MR KC EHE
150~350 i [l NI, KC oot B 1 22800 52 e JF A
B . R BL, DERMERTT, #8102k sl )
R RS, WA A BUEAR N, T2
W& . Zhao %5 (2009)i# izt 23 X (9) F1(10) 3455 1 IR AEH]
T LR R ) R AL, T e A T RE

Dong % (2019)#fF 55 T M i 7E Stokes K il 1
KN R A, IS AR A

_{3.22-5%% (1+10/ (S, + KC13)-%)  (BMEMA) "

P 272540 (134131 (S, + KC13)5) (4URIFIA)

Cy, = (0.67+S,)KCO2+ /2 (12)
AR . (12 W& HIEFE N 019< S, <0679,
KC <100,

Xu 45(2020) 53 BT T W 5 A6 AR i I TR T ey 28 174 A8
fERLAE, FFEaH T MAK 3 h 2B A
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Cp=
2.59x 0.997KC /(22351-5,+0283) | 0 37 (Wil 4)
2.93x 0.997KC /2235,-5,40289) |, 057 (&I FI4) (13)
C, =1 (14)
X, KC*=KC/(2.235%-S,+0.282) . # WA F1 i
MR WEM, AX(13). (W)HEHERE R 019< s, <
0.652, 46<KC" <218, # MAKM B AW, A (13).
(AHAEHERIN 019< S, <0679, 47<KC* <363,
1.1.2 &E KA Balash %§(2009)7% J& T W A< %5
SR AR O AOK 3 ) BB, B TR
i 8 ) BB

CD =
Cgk+cgﬂu;5
8D? )
o) (0.12-0.74S, +8035?) (D, /d,, =3.14)
W
8D?2
C3'(0.12-0.74S, +8.0357) (D, !d, <3.14)
(15)

rf, YR CY Ay AR BRI BT () R skE
BT (A 2519 ) I B ) R 8. 22X (15) Y 5
4 0.051<5,<0.235, Re<5x10%,

Kristiansen £5(2012)% J& T R B i1 . A3 5
JE TR T BON I ACOK B ) RS, JF B2 T A
i 8RBT R A

S (2-5)
=9 23 Pl (4 cosé + a, cOS3H 16
D D Z(l—Sn)z ( 1 3 ) ( )
c, :ﬁcgl 5,(2-5,) 8,(2-S,)

2 21-5,)"  3@-S,)"+Cl's,(2-S,)

(b,sin20+b,sin40) (17)
A, ORI A, WE 1c . Ax(16). (17)
FE SR S, <05, 32<Re<10000.

U IO A 4 51 R R R A 80 ) R A 3R AR 4 4
FRIE SRR JE YR T WS EL, AHAE 5 BT,
WL B . H I B R I 1 (U, ) AR Al 25 ek AR
WA K B T3 3 o A HERR T X A AZ g, K LA Sk
ZEA T B WE R (Wang et al, 2022).,

TESEPRFRIA Y, PRI N 278, AR
MLLT A H 2, RAE A MM KSH RZEGTA
WA K Bl 47 3 2 5 SEBR P AR AR 22 5 o il ik 1 e B
I W 753 T A AR K Bl g A 3 AR AL R
JyEE . Dong %(2019)F1 Tsukrov % (2011)#F5% 1 /K

TSR I T 4B AR 14 52 F1 8, AR 32 2k
FMHLRE RS20, 4 J8 PO (AN BRAC L 4] I <) Jir
B S EINT Rk (JE e ) A, SR, MR I
TR (B PR A e e R BB AR T, I ] [l ) o Ik
BN AR, BIRAEL M ERGR , L b RL R 2 15 2 A
Xif R A 7K 3l g g 3% B S e ER /N (XU et al, 2021)
MG E RIS AT AT, A 45 7 2 85 sk o s g 1k 1)
AL 1) 2 AR I ACK Bl 3 fr 8o AR 1 3R 2 AGE T
ToA= Y& AR 3 ) R TR . SR, AESEPRIR
BT AR, WA 2 32 B A W O (5 A 9 R 5 ke
ZVRI, X2 SN K B H1 fr 300 8 & A8k .

1.2 SRR Xt P A 7K B 1 1T 389 72 i

TEMFEFRFH R, A 23 32 B AR Wy R0 1Y 5%
We), NG A ) S SR A A 2 B A T AR AR
Xif WA 7K B e 2 AR AL AR B 5 ), AR5 DA 4 B
RN FRGH A0 2 5 0l JR T A4

VIR R R, S REN EH %,
WA 7K B ) ey 28\ 2 B8 i (Fitridge et al, 2012), MAX
MR R R L R Moo e X 2
AR A K Bh 1 far g o IS AR W R B, Y
A 330 R FH B 0 e R 4 RS AR 56 vk Swift
£5(2006) %] T I A ) B A6 1 T AR 1Y) 52 0 e T T
WFFE , FF3m 1t S50 2= A A 8 A B A7 I a2 1)y XK
TAE R AS [ B o AR R DA Y A2 g R AT T
Lader %5 (2015)R FRL A0S 1Y J7 v 6 B 25 A 7K 5
) BRI 2 7R K AR T 1952 07 Rk 1 0 B 45 2R R
B, M2 )5 AR ORI )R BE | AR K
B . P& FRIEEE VI, Gansel 45 (2015)F] H 4 2
BRI, BT XK W3 3 P& P %8 K /R T P
WA 32 T REEEAT T 500, R4S T A2 J1 54EY)
B i %) A 25 S FE 2[RI PRAROG &R o Bil 45(20188) T
J'& T G EE B, I a4 R IR BOK TR S R
K, A5 T HANF A YIRS TR B A . TR K
R IF R T — R YV EEEL RS, AR TR [R]K
T, AN [ B A R B XA A2 i B Ty SOAH g ) 4 B, T
FE TSR, B P nT (A5 A i 32 K 3 38 in
ZHJFORE 10 f5LA Lo BeAh, RIRI Mgt 1722
AR O 28 11%) 9 T 45 A8 5 0B, T ) A )
Dos Santos %:(2020)1A K 5 22 [ ZE AR T 522 W 2k
HARH W AR, 2 TN E , JnmmA Kz
Jifar#ke PRI, 7850 BR FRAE ak R v B 3 2 B B XS D A
HEAT I Ve ol 40 (Bi et al, 2020b) .
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P A Ji) T 5 B 81 2 118 10 20 2 52 Tl ) A B 3 ) O
Y, SR K BN i . T 32 R FH B O
Iy T T SR G % A K Bl ) A 25 . B
45 (2020a)ifF 5% 1 B 0 &)y i o) 5 ) 3 AR T 32 466 10 7 1)
SR, A O SRS BN A il B, a2
FAAEXT A T 32466 5 ) B2 AR I o YU R
25 AR HE fih 2 BN AR T S BE R R, A2
J1 8 E N (He et al, 2018) ., Park %(2022) 434 T fafif
IR AR 3Z T 520, AR PRI 2 08 N A A7
T30 IR O RERE 2 A B0 0T, S K T
BRG], ISR AR A o B, ROAE
DL E T A AARR 1 DO A T ) P A BT B2 4 HL T

2 WA Bh M MR

RIFASEIE AL RE R, RO TE B TR AR AR AR &7
AT, RENAETRAE IR BN , U A A A TSR
BTG AR A o PG, BIFST AT 02 S ar 24 T
KIAETE , SRR A A TR0 2 A B B X, A
R BUERSR T R AT A o ARG TR
BAE B 735 KRBy A2 A BR G s A5 ik
712 )71 (computational fluid dynamics, CFD).
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21 BHRTHZE

FRYEEATCI A, 38 A R IT T B N A R 58

FIBEB R R ET 20k 4 Fh(E 2): = fMAIE R oCH R
(Priour et al, 1999) . HTZEEiAI(Tsukrov er al, 2003),
£ P R (Huang er al, 2006; Li et al, 2006a) FlIAk
I B CAR B (Lader et al, 2001) .
211 =AHELER Priour %5(1999)#% 1 T =
L ERICRAY , S TR A, 2% T oo &
5 MZPAT . ZE R A = AR oo ik &
PR e E,. N 2a R, MAGHD EE X
TR ) = AR ROC AT, X T T
AL T LS 45 s A AR A
JTLAEATT AT LASE A B A s A TR . AR i e
Hr, J#at Newton-Raphson 75 125 % 454> i [v] A5 R A< £
S B AT

AR HRICNATE S ML AT, B —4
HITHIE N ZAN 0, BT EiRRe A, DRSE =R
BTG AT LA RS, A 55 2 AR T Y X3, LA 43T
R RO =G ot TR . TER R, —A
“MIRHRITT IR R BRI ZAME . HiE, =
T B TCRERL 2 — R AT 715 (L er al, 2006).

—e . . . . . . .
j o-;;igw ————— o ---0-1--e
e . . ) . . . .
3 . 3 . . . .
—e . . . . . . .
‘ . 3 . o 3
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Fig.2 Four types of finite element model cells

a: “AILYIG, PGS KR (Priour et al, 1999); b: 4RI, it L HEA 10 (Tsukrov et al, 2003);
c: TR (LI er al, 2006); d: P HAITCAE AL (Lader et al, 2001)
a Triangular element, represented by solid lines, reproduced from Priour et al (1999); b: Truss element, represented
by solid lines, reproduced from Tsukrov et al (2003); c: Lumped-mass element, reproduced from Li et al (2006);
d: Panel net element model, reproduced from Lader et al (2001).

212 HrpAER Hi7 B AL 70 18 I 2k =2 () V2 5 A
HAE o A 1 AT AR AR R A AR, R AR
FCA IR ST 1 R ZE RN ZE 15 o BT AR EROTERAT — A~
W, I H T LA IR R IR il A R —
I PR A5 %) SF- i 7 P 3 e s AR A T A, il
Newton-Raphson %L, 7EBLLL R, Al
— TR J UM LS MR . O T /N BT A
B, MCETHESCR, Tsukrov 45(2003)5: THi4EH TG
P T MR, [ 2b R T — SRR

JURIRY B AR R M 1 SRR T AR R TT o AR K By ) fif
# Al 8 i3 Morison 75 #1144 (Fredheim et al, 2001) . 5
BC RIS, AT ARABE AL AT LK A 235 040 118 2015 1A 7 2% 1
BT, Hraesml ey 3z h H T R K s R e ge
213 K PRmEHA A o A TR A
(TG 45715 S5 A B % B B 5 R e R S R
W, RSO E S T, BARE 2
7o MEFIAEMIA _E 7K 3l g fp 20T LA 3 Morison J7
AT, 5T 1B Runge-Kutta 7712 5K i 15 3 i
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OPITRE S T EGETHRACR, AR I ML RO T ik
K A LSy HA R R LAT AR BR 0 49 BEAR 1 (4
B AR B ) R BB SE0 H %os . HET, ™
AT 5 B )2 T T0F 52K 7 57 56 W AR 1) 7K 3 77

¢ (Zhao et al, 2007b; Xu et al, 2012; Hou et al, 2017,

Yang et al, 2020),

38 1o A r T AT G A AR T K HEAZ S
HATR . Li 55(2006) 4 TAEh & ik, #8118 177K
YERF =4k AR 3 ) B8, FEARTRNREE T, 315
T HBCA AN R EE T 5 7 2 AR 19 K AR TE FiK Bl
J1fi %%, Zhao %5 (2007b)H M4 iz gl 2% FI4E v T vk
g4y, s TE A MAE B ER T, A T E K
MIFEIELLI . 2 MRk G ER N iz sl . AR
FE M 291 71 - Chen 25 (2009) & 7. 1 P 1R Hty % & 1A
RGN R EE AR, B S T I TR EE 3G, 7
Z8 1 K P32 Bl e EE B SN, T IR LS Sl AR R AN
K . Dong 45(2010) 53 Hr T 5 1 =X WA 75 I 1R R 7K 3
IR, B FR A T B A R TR AR ) 1 I ) o
Zhao %% (2010)i1 8 T 5 1 X WA 16 B TR AN B0k 2
THRIATITMMFEZD), S5RERH, MEREE, R
1A 15 M FE 2 sl b 2 B 8/ o Xu 45 (2013) 27 T
D) A1 R I R R T 3R SR AE B TR MK I A5 10 T B (i A
A, RBEEIFIRAST, S48 WKk 1 BEE I bt
3G TGN . FEMEBSRAE T, PEBEXT R4 1 1y R K
KA B35, Zhao 45(2013a) 47 T 46 7F W46
B R 2 AR | REAEL T 6 TR A i I8 YR K O H B &R 90
JIRE s R o FELER IR MUK FRAEAT , AR M4E
LU AR T A RS E -

214 HBWETAR A P BT AR AR DR A 3
AR TT, AHARTAI SR G o 57 0% 42, Bk
Kl 2d s, oA TEEEITRERCE, A —A L
Moo AU A B H o B R, v ST T
“HYEIZ Bl TR PR TT 1 S5 AR REE 5 A R 5 B A 2
Lo VERFEAT B —A AR B TT 1 1 T 23550 43 A 2 AH
SREAITYY S b, TR et 4850 A0 A AR X T

XFHC LA b 4 A BROT T AT, DU B X G
TETF B O ITIAURTE] o = T8 FIAR ) 5 oA A 5 L
W DA B A /N RS R THT BTG, T4 rh T B A T 4R B
JUAE Y DU S XA B Hh o i S AT EROT T iR
ARG I YR 25 JE AR 32 3 5 A58 IR R
HEEAL TR SR, ARG A It 18 Rk
BRI A 75 1 A Bl i AR Ak ot T A T
AR L B TN AR I FE RS2 IR, AR PR S A 22 a] 1)
i 53 A A4 5 (Bi et al, 2018b), A AER il A M 4K
MBS N, 7 2275 TE AR ] ] 1) SE PRt 7 284k o

22 HEREHERE

5A RITH I EANE , i A 0 ik
BRI FAE A 1 18 7K 3l g Ao 28 5 06 200 %5 B I ARl
PRSI, HiEH 7 FE N Navier-Stokes J7FE ., —ilk
WAt BT, A R FE (finite volume method,
FVM), X460 7 R A T B i 3 o SR A 25 i Ak i 4
W, AT RN AR R E S R .

JTHEITERCR,, — R 2L T ALY
A , Z LA B AR — MR AR R, A2 LA
J X IREE A T — MRS 50 B R E RSB T, 18
AR E 2 R, R 2L TR EA 5 MK
AH TR A BSR4 38 AR ] TRl 1 3 2 1 10 (B et al,
2014a; Zhao et al, 20138), fEIFH RSP, it —FHr
1 R B A BR AR R 5 1k X 8 145 S Y ) Navier-Stokes
(RANS) T BB, R 43 88 i b i R 0B TE
P15 37 5 TR 137 (Patankar et al, 1983), 38 1 it
TR e HAS S5 T LB . HE S, a1k
B P 3 R 7R 0 2 5 T Boussinesay {15 1 it A 7R
4n k-Epsilon, k-Omega % (Launder et al, 1983).

2 LAY SR AL )1 O AR T 2 FL A B R A
PRI, 12 FR ATl 2ok 2 )5 20 o . Patankar 45(1983)
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Tab.1 Flow reduction factors of the nets

LAY T R il R 5 IR 2 25 512 T Z:7% SCHk
Model Flow reduction factors S, Re Reference
R1 0.69 0.128~0.223 170~1 438 Zhan et al, 2006
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R3 0.85 0.20~0.22 18~60 Huang et al, 2006; Xu et al, 2013
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Abstract With the increase in globa population, the demand for aquatic products rises annually. As a
sustainable industry, aguaculture offers a promising solution to address the growing demand for fish
products. Meanwhile, intensifying and expanding sustainable aquaculture is essential for achieving the
United Nations' global goal of the Decade of Action. Cage culture is a typical aquaculture method used
globally. This culture method has the following advantages: ( I ) Highly researched with a long history:
cage culture has been in use since the 1970s. Cultivating high-value aguatic products through cage culture
has become indispensable in aguaculture. (1I') The development prospects of cage culture are broad and
include realization of the comprehensive breeding of different species. In the integrated multi-nutritive
aguaculture (IMTA) system, cage culture enables a multi-species combination in which uneaten feed and
nutrients from the excreted waste of one breeding species are used as food for other breeding species,
thereby reducing nutrients released into the environment and increasing overall productivity. Net cage
culture in shallow waters has grown exponentially in the past few decades. However, due to the limited
space in nearshore areas and an increasing number of countries paying attention to the environmental
problems caused by cage culture, the method has gradually shifted to deeper waters to ensure food
security and safety. At the same time, alleviating environmental stress caused by nearshore cage culture
and the expansion of the food production space are inevitable. Compared with nearshore aguaculture, the
environmental conditions of offshore aguaculture are more complex, and the net cages are inevitably
subjected to harsh sea conditions. To achieve the safe production of offshore aquaculture, it is crucia to
study wind and wave resistance technology for use in culture net cages. As an essential part of net cages,
the netting system is mainly used to maintain breeding space, protect the breeding species, prevent them
from escaping, and protect them from predators. In the flow and wave field, the netting system bears most
of the load on the farming facilities. Compared with other traditional marine structures, the nets have the
mechanical characteristics of small scale and high flexibility. Under external force, the nets show large
displacement and massive deformation, reducing breeding space and increasing the likelihood of damage
to breeding species due to crowding. At the same time, the nets change the flow and wave field around the
facility, affecting the distribution of the remaining bait, breeding species excrement, and dissolved
oxygen in the water. Currently, the lack of analysis technology for nets is a limitation in offshore cage
culture engineering, which restricts the large-scale development of offshore cages. Therefore, research on
the hydrodynamic characteristics of nets is vital for developing offshore cage culture. This study
introduced primary methods for calculating the netting hydrodynamic loads and their applicability.
Simultaneously, the predominant modeling techniques in the numerical calculation of the netting dynamic
response were summarized and analyzed. Furthermore, a systematic review of studies relating to the wave
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flow field around net mesh was conducted. Finally, the current hot topics in the research of netting
hydrodynamic characteristics were reviewed to provide a reference for designing and optimizing cages.
Considering the influence of various parameters on the hydrodynamic loads on the nets is an effective
way to improve the prediction accuracy for the loads, which is aso a critical area of research that requires
further investment. In order to restore the rea force characteristics of nets, a database of the netting
hydrodynamic coefficients should be established through experiments. Intelligent algorithms, such as
digital twin technology, are used to construct prediction models and generate mapping relationships
between multiple factors and the hydrodynamic coefficients of the nets. Moreover, databases and
algorithms should be updated regularly to improve the accuracy of calculating the netting hydrodynamic
load. For the dynamic response of the nets, the fluid-structure coupling of the flexible nets should be
studied intensively in the future, focusing on the two-way coupling between the nets and the fluid and
exploring direct numerical simulation methods. Meanwhile, considering computational accuracy, suitable
algorithms, such as the submerged boundary method, should be selected, and paralel computational
methods should be developed to improve computationa efficiency. In terms of the flow and wave field
around the nets, further research should be conducted to determine the effects of extreme waves,
biofouling, fouling density, cultured fish species, fish size, fish number, fish swimming speed, and fish
swimming status on the flow field in the net cages, which will be conducive to monitoring the health of
fish, reducing the risk of fish diseases, and ensuring the sustainable development of cage culture. This
study provides a reference for developing net hydrodynamic analysis for digitalization and precision. It
also provides more information for the sustainable development of aguaculture.
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