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Numerical simulation of semi—submersible cage
with mooring system
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Abstract: With aquaculture equipment gradually moving from offshore to deep sea, "Deep Blue 2", a semi-
submersible and column—stabilized cage with a total aquaculture volume of about 90 000 cubic meters, came
into existence. In order to study its hydrodynamic performance and characteristics of motion response under
the irregular wave combined with steady air and current, a numerical model suitable for the time domain anal-
ysis of the cage was established by combining the WADAM, SIMO and RIFLEX solvers. The numerical mod-
el was coupled from the hydrodynamic model of the main structure of the "Deep Blue 2" and the finite ele-

ment model of the nets and the mooring system. The panel model and Morrison model were combined to solve
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the hydrodynamic force of the cage. The finite element method was used to analyze the nets and mooring sys-
tem in time domain where the nets load was computed based on the Screen model. The time domain simula-
tion shows that the nets have a significant effect on the hydrodynamic performance of the cage, which cannot
be ignored. The maximum mooring tension of the cage with nets is about twice that without nets, and the
range of horizontal drift is also wider. The difference—frequency force components of second order wave force
have little effect on the mooring tension and horizontal drift. These conclusions may be useful for the evalua-
tion and optimization of the hydrodynamic performance of new cages.

Key words: "Deep Blue 2" cage; panel model; Morison model; Sereen model; finite element method
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Tab.1 Main parameters of “Deep Blue 2”
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Fig.2 Hexagon mesh EcoNet and the calculation of solidity
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Tab.2 Main parameters of Hexagon mesh EcoNet
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2 MRS ZMEMAXMFERAREHIFIN

“URWE 257 WA TR 22 i TV TS Y K TR 29 54 m B o BV e, 7R RS A5 1 R kAT
IR SR : H=4.2 m,T,=9 s; FPRZ W 0.72 m/s .0.62 m/s .0.45 m/s, KGH A 36 m/s, i it
T OLES PR A AR IR IR A o M AL IR I TRD 1], ASLABLE%) 7 ] 31 L SR 0°~90° , 7 XL IR 3t R B AR
FH R X RS HEAT B S80RR 5 20 BT, 5 P90 AR — 9 22 451 1 % IV R0 7k 1 S5 /K- 3R s ), I E AR 52
ORISR RIT RS L R 22 5. b W R0 98 1 5 K TR Ry BUAS [R) Bt AL b = 1)
TR A
2.1 MR H 20

ANFETFAEG R AOE 6, ORI 257 F5 58 A R 4 83 P 0 9 S0 022 AR ol — 4% B 1) 37
23] o AR I AORT A B 5, (8] 7~8 R T A TE AR I 4% R I RAEAS RAVE 5 ) F B R &R 5k
TR R0 5K S be g o i ad HL B TR]— RS TR X S/ O ) ) 22 91 26 9 T e KA A 341
I IR (1) 229 26 i 0 S 38 R AU, 300 7R sl YRR T 3 XU () R 9 5k g AR — 2, [’ 7~8
T T2 B T AN TR 2457 AR 9K 3l e LA L IR il 2V S etk XU ZR 9
5k 77 528 KT TG WA I VE RS AR S, A8 T8 A F 1 BBk ZR 1A 5k 7 WG AE 34 T BRAEE 45° 5 1] )
L3 1,535 8 3372 kKN F1 1615 kN, A W AAE FH F1 8945 529 9 TCIARAE FH S me R, 18 8 vh =34 R IA°F
PIsk TEZ) R 1214 kKN F1T709 kN, B 2405 & 0 L7465, A RAARYER T RIARZ &R T R2.37, %
WIRIAL 2RI 5 580 R RIA R SRR IR R 2 2K

—m— L7 MK —— L1 HMA
—e— 12 LR —e— 12 WK
35001 —a— L3 LK —a— 13 HFIR
. —v— L4 HFA 1200 v 14 A
oo L1 TCRIAR o L1 KR4
~ 25001 --o-- L2 TR 1000 e [2 TR
= o L8 TR Z o L5 AR
= 20001 -ve- 14 A =800 v Ld ERR
R - . R \ -
215001 N Y y #6007 L. 12 y
10007 & ® i 5 400 I
e R T % d 200 e A
0 15 30 45 60 75 90 s O 5 s 45 e 75 w0/ B M
Jil () TR ()
&7 A ZRIH R AR TK T B30 (518 A ZRIAF-345K 77 A5 MR

Fig.7 Effect of nets on maximum mooring tension Fig.8 Effect of nets on mean mooring tension



206 MR S 2# 29 21

P9 R, e 45 KRR A FH 7 18] T, A1 A
VR IR 28 e TG AL 7 P TR 285 8 e R B A%
SR PR R G R R . 7 0077 ) IR YT X AL 44 B
KA WA 0 5 REEAE 20 11 m, FEICIM
RPLAE TR 252 me th T ROAE 22 58 XS PR,
P A6 K T LU L TE 90° 5 1] AR 1T Y 1 55 4% 1 il
STE 0075 1] AR T X RS 0 Bl L ASc e
2.2 Z I E AR

0 15 30 45 60 T5 90

WA RN REE— N HEHEEN RS, RINRS B )

7K 3 ) LB R RS 7 T B I 3, T I0A FRO PR IR T 80 P SRS 0 R
E’@ ‘@i ?)%iﬁ fﬁJ’lﬁ/ﬁ\EFﬁl/% m l/ﬂ% EI"J ﬁ*ﬁ}{\ﬁ 5 ?BZ‘?E E"J: Fig.9 Effect of nets on mean drift and maximum

WA 2 490 3 UG A1 08 5 0 T B SRR drift of cage

{05, PO TT Rl 2 2 1 B SAIRIZ B, % 28011 28 507 T
R ) . W R F 2295 QTF 5 A1 SIMO i
T U TR BT BB T 10~1210 +é§%«§ﬁ%
PRI R | T M P 2R 013K R A 2 W[

54 2EWIAE IS BPIRZS FEA — 2, Herp A 45075 18]
(19 2R TH R R 5K T AR, 2 W i 220007 X5 A 194 1
NG Kz s I A 3 R AR i AR Lt

HTLAR P28 6 200 TR X AR K P 3 L k
- . o] D o]
PR IR (E R TR 23 52 2R H AR T ) S5 B i )
BB AR BE5h . — B 050 MR 28 - 55— I 110 U A RIS (95
B ITAE FEAR /N, 3X 0] B2 S 3 [ 22 0 1 5 4R 7K 31 Fig.10 Effect of second order differential frequency
ST RE B AR /N T force on maximum mooring tension
e X A=A
—— T, 7%%%73
= s Xopeu BEHN
1200 o —r— R -E=R
1000 0y TEEED
= =8 O Ty FREHA
= 800 i S WL~
= j‘u; 6 T Vroan TS
22600 %
S & noou
B~ 400
; 1L
200 . “W T
> 0 15 30 45 60 75 90 13 7]
JiE () E )
11 B 2800000 2R IR P X056 1 52 e 12 223 %) R - 2 EEAS L ER RERAS FA 5 )
Fig.11 Effect of second order differential frequency force Fig.12 Effect of second order differential frequency force
on mean mooring tension on mean drift and maximum drift of cage

2.3 BR Z A R AT XS W48 RO 220

PGS IR AT Y RIARGE T A R RIAR LA, RIATK IR BB . B13
B RE FR A L3 FE IS ALY /NI 5 5 SR I 2K 55T 2 B PR A R 46T S 1) R T B Kk T X e
gh 5L, ] LUA BIE KR FAE I 7 10128 0°~90° 1), I T BT /IR M RINEK K S BERTRRE, 7%
RS B K R 7 I KGR FRAE FH 7 15) 9 45010 2290 L3, JLRF SR As Ak i 28 UL 15, Bk bk 4
P35 K R TH 7K 1 BAE KGR TEAE FH 7 101 15°0 R IA 2 L2 ML 16 FTEL 17 (1 L2 F1 L3 (1) ZRIA 5K T3 Bf



2 S I LR R IR ST SR 207

iR, 24 L3 FE R — Wit & AW, &R0k B B Rl 63T 9 L2 5K 835 BT, fokak J1ik 3
245347 kN, FL R K L) 64% . XF W% 4 T8 1.64, BB 210800 206 1 R IR B AE
RS A Ze AR o BUXR LA 7 161 A 0°~90° il I AR LS (&1 14) , AT LAWLEE S W AR B #5025 A0
S XA R R e R L 7 Y S RS B R B

o L1 B0
o L3
o Ly i

K13 SEBE S RER T AU R IR R K RIAK S
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