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Multifactor Hydrodynamic Analysis of Multiple Fish Cages

Liu Shuang' Cao Zuwei' Lii Chao’
(1. College of Engineering Science and Technology, Shanghai Ocean University, Shanghai 201306, China
2. College of Economics and Management, Shanghai Ocean University, Shanghat 201306, China)

Abstract; Aiming to investigate the hydrodynamic characteristics of offshore aquaculture cage systems
under multi-factor coupling, a computational fluid dynamics (CFD) model was developed incorporating
net structure, fish-induced resistance, and sediment particle effects by using a porous media approach.
Simulations were performed for single, double, and 3 x3 cage array configurations. Results showed that
the single-cage flow field exhibited a typical pattern of upstream deceleration, internal low velocity, and
downstream wake. The net structure dominated the flow, reducing internal velocity by 10% ~18% . Fish
further increased flow resistance, enhanced velocity attenuation, and extended the wake recovery distance
to about 6. Sediment particles modified the wake through particle-fluid momentum exchange, enhancing
turbulence and inducing local re-acceleration. In double-cage systems, while increasing spacing from
1.5D to 3D, shortened the wake length from 40 ~50 m to 20 ~25 m. In cage arrays, wake superposition
intensified, whereas staggered arrangements improved flow uniformity and increased downstream velocity
by 6% ~10% , with a minimum inter-cage clearance of 2. 5D, the wake interference effect was rendered
negligible, the surrounding flow field attained a quasi-equilibrium configuration, and the mass transfer
between the internal and external water bodies was significantly facilitated. Overall, netting governed flow
distribution, fish enhanced attenuation, and sediment regulated wake recovery. The research result can
provide a quantitative framework for optimizing cage layout and hydrodynamic conditions in offshore
aquaculture.
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Fig.7 Flow velocity distribution inside and around aquaculture cages, considering only the mesh factor
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T — A PR el Wi R AL A LB O A R AL A
A5 S WA T, 7K 0 o o0 A o e 52 29 1] S B
P, WOFE LU 1R B AR X A L i 2 AR
NI IS R R A B R 0 X, I i 555 [ 3 B
G IR, 32 A ES A BV IR me | WA e RO A o
o DI A B S DR, YA Sl AR ol A
SPAE, B AR S AR T2 A ] PN Bl o8 SR i

E R T AR/ AT 7 A 28 ) WAL 380 N2 ) O Bl
fib, 7RSI S s SRR T, S8 X 0A
AR B g, T I DO A6 PO AEZ s d i I
1, U7 R AR S B AR X5 00 8 3 XA Y
23 (AR S 0 A R

1P 7a b AT, AU ) 058 A1 R T, K 1
Aok PR Ji G T 0, X A P S e AR 24 A



290 B A VIR A I 2026 4F
, 055+ 055 N
050 =esne, . [EE T - ”WM(“ “””_::‘Eguislﬂfk,“:::::
048% v .:=_.!..: 0.50 @i :l: .: ........ H N
; o aee* Y v 0451 Chegatid
o G40 : . 045F ) : ~ '
= % = Fhrrgagpsppnpietd T
044t .«- SR 7 035)
& £ 0401 £
S 042t Y = B
040( bR 035 - [ 021 o R
- P AR R AR NS
. P L iR R R HR Y 030+ Ak R — e SR E S/l
0.36— i : : ‘ : : : ; : : : : ‘
20 0 20 40 60 -10 -5 5 10 15 8 -4 0 4 s 12
x/m ¥y/m z/m
(a) 377 1] (b) yJ71i] © 71

10 3 b0 T U 1) T AN 7] 77 17 922 e i £

Fig. 10 Variation curves in flow velocity in different directions under three operating conditions
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Fig. 15  Flow velocity distribution inside and around multiple cages at different spacings
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