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Abstract: [Purpose] Exploring the influence of the incoming flow velocity and the solidity of the netting
on the resistance of the cage and the internal and external flow filed of the cage. [Method] By varying the
parameter values is carried out. A hybrid structure ship-shaped cage composed of plate frame, truss and
nets is focused, a computational fluid dynamics (CFD) method based on the reynolds-averaged
navier-stokes (RANS) equations is used to numerically calculate the flow field around the cage at different
netting densities, where the netting is simulated using a porous media model. [Result] At the same
incoming flow velocity, as the net solidity increases, the overall resistance of the cage decreases, and the
average internal flow velocity reduces. At lower net solidity, the internal flow velocity distribution is
uniform; at higher net solidity, vortices form inside, leading to uneven flow velocity distribution and
consequently affecting the overall resistance of the cage. [Conclusion] The results provide a theoretical
basis for the safety of the cage and their practical engineering applications.
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Fig. 1 Experimental Layout and Distribution Diagram of

Measuring Points (Unit: m)
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Tab. 3 Calculate Operating Conditions
T V/(m/s) Vo/(m/s)
1 1.00 0.165
2 1.25 0.207
3 1.50 0.248
4 1.75 0.290
5 2.00 0.331

AN TR] PR A4 5 SIS 0 AR S 7R BEL g B SR S 1 1)
AN WL T . RANESLFES,=0.243 S,=0.3174H
BT FE S S S, =0. 13 AR FOBE B P 40 bL, B4 EH
A7 H(0.243/0.317—0.13)/0.13x100%.  H1 K& 7F1
FATT R, (O RTUHEERARHT, 34N S N A
ST T s B R B R T N, AN
ST R AR AR TR B 8 2 S A T S o )
[ EF, T A R I 3 2SI T T B R B B R
TR B I = ZEE IR, 7R R
T DRI I AR A, T I 1) D) AR PR BEL g0 o

7.5
——5-0.130
—e— S =0.243
6.0r 5 =0317
4.5
Z
IS
=30}
&
1.5}
O 1 1 L
0.15 0.20 0.25 0.30 0.35

KR L /(m/s)
E7 AREMKELE TRASEHMEREEHED
Bk iR BE Y 2R L R 2%

Fig. 7 Curve of Total Resistance of Cage with Truss and
Plate Frame Hybrid Structure Model with Varying
Inflow Velocity Under Different Netting Densities
F4 TRIMRELE T MIEREAEE RS

Tab. 4 Percentage Increase in Drag of Cage with Truss
and Plate Frame Hybrid Structure Model Under
Different Netting Densities

HPHE 53 H/%
V()
5,=0.243 5,=0.317
0.165 327 -5.53
0.207 -2.32 —4.43
0.248 -2.51 —4.08
0.290 2.11 -5.75
0.331 2.17 -3.97

34 WREBZEXMEAIMTAEINS 54

o N KT I FEE 1, =0.248 m/s, y=0 m#k [fil kb3 Fh AR
I R 6 222 S B S A T 3 2 P AL PR o AR
REFB BRI FRIEM 2 Al fr 2 N FRFEAR L. FRAA
RE2AIFRTE M3 o 24 AR 3 S RE M S,=0.13 3 hn 3]
S,=0.243KF, FEFEAGI P HE LA K FRAE M AT T 1 = A
[X ARG [ 498 K, 7 A [X 5k PR 57 978 33 T B . 22 315
T P A 25 S B B i 21).8,=0.3 170, FREE MG 1 FI FR VA AR
2 P BB AT 5 57 2P S RE R BT 43 A7 AT
ZEREK, TEFRFEM AR L T AR X, 7 A2
SERETR . KIILE S P38 R A 3l 43 B 5 e A [
W, FEFRFEM2FIFRAEACS PR IE R T eI -
0 0.065 938 0.131 880 0.197 820 0.263 750 0.329 690
N e -l

(a) MREFKE S,=0.130

M /(m/s)
0.065 938 0.131 880 0.197 820 0.263 750 0.329 690
T 7

(b) MREFE S5,=0.243

B (m/s)
0 0.065938 0.131 880 0.197 820 0.263 750 0.329 690
[ D - m
(c) MREFE S=0317
8 ARIMKRELE TRAHERMIEPIRELLH
REXR=EE (=0)
Fig. 8 Velocity Vector Diagram at Longitudinal Section of
Cage with Truss and Plate Frame Hybrid Structure Model
Under Different Netting Solidities (y=0)

3F A B ST R z=—0.1 mak I8 Ak 19X 4 5 752 (1)
TSR L9, 2 A 2 S B AAS,=0.13 384 fin £
S,=0.2431N, FREEAB2 A FRIE XK, oA R
W, WRES FENEEEEAR, A
TR A S EE A N $S,=0.3170F, {EFRAAAB2
AR X ST 2%, AR A IO X I AT A%, 7E 7RI
AR BURE X, EAEFRFEAR2 N e, EwR
[ H B2 SR IR K s FEIL AR 2 52 B R IR A3
BN KT AR, 7EFRFEA 1P (eI /N B o
TSI (138G KB IR/ o

49



AT AL e

FRIAAE3 FRIEAG2 FRAAET

TS/ (m/s)
0 0.057 165 0.114 330 0.171 500 0.228 660 0.285 830

(a) nw’f? S,=0.130

JEFE/(m/s)
0.057 165 0.114 330 0.171 500 0.228 660 0.285 830

(b) RREFEE §,=0.243

T/ (m/s)

0 0.057 165 0.114 330 0.171 500 0.228 660 0.285 830

el
=]

() MRERE S.=0317
B9 z=01mBEAFRMRELET
/tb =) —nﬁ]ﬂ%ﬁﬁ’]ﬁ_ﬁr%il
Fig. 9 Velocity Vector Diagram at Longitudinal Section of
Cage with Truss and Plate Frame Hybrid Structure odel
under Different Netting Solidities at the

Cross-Section(z=—0.1 m)

HFEE V=0.248 m/s. z=—0.1 mib3FRIA %
SERE R AR AN L0, 2 SERE IR S8
PR I FL IR TR I8 D, AT ERE T FRAA AR 1 AN FR B AR
3N I I, RIA AR SERE R, A AL
N s TLEFRFEAC2 P AN IR R, R B AR
B S RES,=0.317 A UL I B K, T AR B S R
S,=0.243 N L 5 /N o 32 LR RN E T 0 AR 25 S
HINEIS,=0.317HF, PBHZEM R, fEFREMNTE
FROVERR, U T RS P R A, R
LR FREEAR2 N R . BEAh, T LUE BB T
S AR RS R, NIRRT, K
PRI N A 5 S ES,=0. 13 E IR, PIA 26 S
S,=0.3179iE i/

025

3FRhR21
1 1

0.20 1

<
—_
w

T /(m/s)
IS
=

0.05

S50 05 0 05 10 1
=
B 10 y=0m, z=—0.1m#&k 3 MNKRBLET
RAGEHMERES 1 E
Fig. 10 Flow Velocity Distribution Map of Cage with
Truss and Plate Frame Hybrid Structure Model Under Three
Different Netting Solidities (y=0 m, z=—0.1 m)

N T B BT AR S S X WA AR A
SN, SRE 2R B, A LRI 2 SRR TT
[ L, 0 AL TSR AE 2 AN FR B AR 3 R AR ) AR o
X b H X AT R . AN AR SR
R A L, FER AR R, AR S
FEBU, FR BRSO A SEEGBOR, Bl
RN

3.5 [ 15=0.130

§=0.243
[ s=0.317

ba
W

—
W

R/ (kg/s)
(3]
o

S =
W O

S

T A2

11 FEMKREXETHENRERE
Fig. 11 Mass Flow Rate of Cross-Sections Under
Different Netting Solidities

4 4ig

AR S 2 FLA OB X A T J BB R,
HYCGE T A MAR B SE R, R R A g R
WIFE N AN R, 43 H DL R3S 10

1) VT 94 00 s G A 511 5 K A o
KIRZEANEIT6%, FHIRH 2 FLA F A AL A
A BRI

2) [R5 B P R /N S R T 465 A P A A Y
MBS, FEF—RAEE T, MFERAREE /75E M




TRAES, A LMA XA M 48 ) SR 7 45 AR B

AR S EIE KT o

3) EMF IR T, WA SEE N, M
PN PSP AT A s R i PR ST JBE 2 A R A A
PTG RSB K T U DX sl L7 A e, S )
PN P LIEE 7 A 5 BEAARH A7, AT S SR B R S
JRMI IR 5 1) 22 42

SE M-

[1] HARENDZA A, VISSCHER J, GANSEL L, et al. PIV
on Inclined Cylinder Shaped Fish Cages in a Current
and the Resulting Flow Field[C]//Offshore Renewable
Energy. 2008.

[2] BOUHOUBEINY E, GERMAIN G, DRUAULT P.
Time-Resolved PIV Investigations of the Flow Field
Around Cod-End Net Structures[J]. Fisheries Research,
2011, 108(2-3): 344-355.

[3] #H, KK, Bk, % 5T PIV BRI MR

TR Ay AT 0] ik RL 2R R, 2015, 36(5):
138-144.
CUI Y, GUAN C T, ZHAO X, et al. Analysis of
Two-Dimension Flow Field of the Square Cage Based
on Particle Image Velocimetry (PIV)[J]. Progress in
Fishery Sciences, 2015, 36(5): 138-144.

[4] BUIC M, HO T X, KHIEU L H. Numerical Study of a
Flow Over and Through Offshore Fish Cages[J]. Ocean
Engineering, 2020, 201: 107140.

[5] XUEHE, FhEFR, FMRER. 52T 2 LA BT (1 P A

XL R (R BB AU T[] A, 2022,
63(2): 172-180.
LIU F X, SUN G Q, SUN S Z. Numerical Simulation
and Wave Flow Field Analysis of Nets Based on Porous
Media Model[J]. Shipbuilding of China, 2022, 63(2):
172-180.

[6] ZHAO Y P, LIU H F, BI C W, et al. Numerical Study

Flow Field Inside
Semi-Submersible Aquaculture Platform[J]. Applied
Ocean Research, 2021, 115: 102824.

[7] BI C W, ZHAO Y P, DONG G H, et al. A Numerical
Analysis on the Hydrodynamic Characteristics of Net

on the and Around a

Cages Using Coupled Fluid-Structure Interaction
Model[J]. Aquacultural Engineering, 2014, 59: 1-12.

[8] XIFZE, MK, EHG, & HT 2N

TGP R RAERT FE10]. R 22544k, 2022,
39(1): 176-185.
LIU C H, LIU C G, DONG ] J, et al. Characteristics of
Flow Field Around Fish Cages Based on the Porous
Media Model[J]. Chinese Journal of Applied Mechanics,
2022, 39(1): 176-185.

[91 FAFIZZ, skie, EHE, 5. AR & S5 IR M

P AN e (O UE T FE (0], SR R EOR S R (A
IRBHERR), 2024, 52(4): 49-55.
ZHOU L L, ZHANG N, WANG S M, et al. Numerical
Study on the Flow Field Influence of Netting on the
Inside and Around of Mariculture Ship with Hybrid
Structure[J]. Journal of Huazhong University of Science
and Technology (Natural Science Edition), 2024, 52(4):
49-55.

[10] E &, kAR, HUkElE, & M8 R5E M FE K3 )y
A S5 HERE[I]. A, 2025, 36(4): 27-36.

WANG F P, ZHANG J, ZHU Y H, et al. Research and
Progress  of Ship-Shaped
Aquaculture Cages[J]. Ship & Boat, 2025, 36(4): 27-36.

(LR, FRARAR. PR AEfTAT B e ik R BB AT 72 0],
T KRB R ), 2021, 49(12):
133-142.

ZHOU L L, ZHANG L L. Numerical Study on Sailing

Resistance Characteristics of Amphibious Vehicle[J].

Hydrodynamics  of

Journal of South China University of Technology
(Natural Science Edition), 2021, 49(12): 133-142.

[12]1ZHAO Y P, BI C W, DONG G H, et al. Numerical
Simulation of the Flow Around Fishing Plane Nets
Using the Porous Media Model[J]. Ocean Engineering,
2013, 62: 25-37.

[13]PATURSSON @, SWIFT M R, TSUKROV 1, et al.
Development of a Porous Media Model with
Application to Flow Through and Around a Net Panel[J].
Ocean Engineering, 2010, 37(2-3): 314-324.

(141876, Shash, BRIEIN, 5. KRR K HEDE 25 P &1
WIZHIREIR[T]. AR, 2025, 47(2): 63-72.
YANG Q, FENG Y K, CHEN Z G, et al. Effect of
Water Depth on the Internal Flow Field of Waterjet
Propulsion[J]. Ship Engineering, 2025, 47(2): 63-72.




