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Analysis of submerging characteristics and stability of
the model submersible fish cage operated by buoyancy control
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This study aims to analyze the performance of a submersible fish cage which was designed for developing
an economical cage system can be applied in korean aquaculture environment easily. To analyze the
performance of the designed cage a model test was carried out. In the test, inclination changes of the upper
frame and mooring tensions of model cage were measured during the submerging and surfacing motion in
still water and wave condition (period: 2s, wave height: 0.1, 0.2, 0.3m). As a result, in the still water
condition the model cage kept horizontal balance and inclination degree of the upper frame was about 1°. In
the wave condition, the model cage showed bilateral symmetric up-and-down motion but the average
inclination degree of the upper frame was about 0 °. When the model cage reached at a depth of 1m, the up-
and-down motion of the cage was decreased by 12% compared with that of at the surface (period 2s, height
0.3m). In the same wave condition, the maximum and average line tension under the bottom position were
about 8% and 11% respectively compared with that of at surface.
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*Corresponding author: holdu@nfrdi.go.kr, Tel: 82-51-720-2581, Fax: 82-51-720-2586

7407



2o Aoyl Fhsel By
N 2
4 AEs Te AL WY 42
° A9 AEeE o

Aoz 7HFe] Ui
OF A A4 o]t} (Zhao et
al., 2010). 22 4] 7} = 2] 9} ¥ 5} 9] Fredriksson
(2003)3} Kim and Yang (2007) ¥ DeCew et al.
(20102 Tt x50 gt 71we o] Aot @
R S AT TR

£ 493}, Kim and Shin (1996)%}
Fredriksson (2004) 2 Kim (2006)2 7}5+2] 9] A
B2 AGES R A ADE F 20
L A7 E SRS oo 2L ArEel ¥l
of Lol A stoll FE3t ofg 7HA] F3] A
ZhEel o] @A dA = ol (Jensena et
al., 2007). & S vt B34 7R S
ol AAst= Atdl7F 53 e 2 Ul%
Ocean sparA}of| 4] 7|23t Sea Station 7}5+2] 7}
Al A hubrto] A= ¢laL, u]= Ocean
Farm TechnologiesA}2] AquaPod 7} 7 7+
L gt ehutrhol] A= ]lth 223 AR E
o= o] FAGAANA AA ARt £
7HEE|7F ol A A H Qi

ol gt 7hF g &2 Wrtol Blsl Afth
Wil o] gle Aol A &4
S|4 whEof gl om Ao AR 2
g7l fsfl #5ollA 85 Asi7Hr
Bl 50|t} (Fredriksson et al., 2000). lﬂi
A 7?—:— = 5ol f1A8 A
171 Al 774 Akt %
2 289 22y o] 3 A
= _1_1_9_/\] 011\17<4 o7 7].;/].

Zojth. A -2yt &
7Hr Y A ee
H:Lzﬂ- IIH ol/\] _4'_0_
}—Erﬂl of sfgtrt. o4
7HEE o] 7] & kAR

o8 7| 22] 7152

Z] A]
1

)
|o

=

2
o 1>-rﬁ_[“ul-m

i'\‘

o |o E oﬁ fljo

O
O
>

ol
-

o
>
~

Oll
SN
ol
2

rlo
2 52 4y
o g 0 gy
fr =2 of

oS
o

°f

~ 1= lo fr

= o
ol
ot
=) Flm m
>..

fr

o
>

_EL

|
ol
-

= O SRS

. 2

i)

fo

N
—4_|~HMOE’L

o
et = o

:L-‘*

_\L_\.Lm‘ﬂrﬂz‘:oﬂzgzeﬁiﬂo*

32
ot 2

or 4

Mo
i
©

o 4z =i

i
op
O
-

7

=

AFREF7] ol = Al A =2=3tE] o)
ol Az ¢k &g =
ot whebA o] st AAS 1
7Haro] I a5t

A4 7HE e 7E S-euhet oA Ak
How 2gE7] 98| As LA
5 B ol ol o glojA
Aok, 7t ghekstol A Wy
q o] 41 7HEE 2H 9 vl g = 7|
of 27 Aol i ghotof st whetA]
A 01216‘} 44 MY E 7H‘ﬂL
Zol o A2

B 2] A)

OI'
-

X g
v
o}néoimﬁieiﬂrhzrm

>.
%9
rr
o 4

-z
o M

I
ik
K

filo

ey
0
i
M
2
u)
ot

WE
4z o
o

o & |
o
2oy o
[o ofy
b &
4 &
o ol
oy or
rlr A
2o
>
JO' Y
©
R
5

o
oo
N

o

o

>

e

o

A

koot
30,
oo
> 32
&
3|
[V}
flo

b w2 2 &
op ot
qgjgn; An
2 n
= o
F]Fm

rle &

fr ot 4T I 9 op
©

2

4z oo
)
2
2
N
_}L
me
2
s
o
ox
4
R
R
oS

Fixed buoyancy frame
Additional buoyancy frame

Fig. 1. Schematic of the model cage.
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(a) Side view Air hose

Compressor
valve

Compressor

Air hose

Fixed buoyancy frame

Water valve .
Air valve

Additional buoyancy frame

(b) Top view

0.2m

Water valve

Weight

Fig. 2. Schematic of the upper frames.

Table 1. Full-scale and model components of the cage

Air valve

Empty
space

e
0.15m

Fig. 3. Schematic of the variable ballast tank.

Cage component Full-scale Model
Diameter (m) 20 2
Upper Frame Cros-sectional diameter (m) 0.34 0.034
(Fixed buoyancy) Thickness (m) 0.035 0.0035
Material HDPE HDPE
Diameter (m) 20 2
Upper Frame Cros-sectional diameter (m) 0.34 0.034
(Additional buoyancy) Thickness (m) 0.035 0.0035
Material HDPE HDPE
Diameter (m) 20 2
Bottom Frame Thickness (m) 0.06 0.006
Material Stainless Stainless
. Diameter (m) 1.5 0.15
Z;{;zltﬂ;nk Height (m) 2.0 0.20
(VBT) Buoyancy (N) 34617.5 34.61
Material HDPE HDPE
. Weight (N) 49033.3 49.03
VBT weight Material Steel Steel
Full mesh size (m) 0.08 0.017
Net Twine diameter (m) 0.004 0.0008
Material Nylon Nylon
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- . - Table 3. Conditions of the model test
A A5t 25 s Ak HRelE 24 A
Condition Period (s) height (m) Wave type
4 Hs geo 2 A o7 MA F71E F ,
o1 o = oo Still water 0 0
ARt o] wj &7] = compressor valves & A Wave (1) 2 0.1 regular
e o] A 7s7F 2F 0.004m*E- compressor (cartec HX- Wave (2) 2 0.2 regular
Wave (3) 2 0.3 regular
302, flow rate : 0.00058m’/s, max. pressure :
Table 2. Weight changes of the model cage by submerging step
(unit: N)
. After filling
. In water After filling
Cage component In air (Surface) ABF with water ABF and FBF
with water
FBF 20.33 (—)36.96 (—)36.96 (—)36.96
ABF 20.33 (—)36.96 (—)0.85 (—)0.85
VBT 3.17 (—)34.75 (—)34.75 (—)0.13
VBT weight 49.03 42.79 42.79 42.79
Bottom Frame 13.82 12.07 12.07 12.07
Net 11.54 1.42 1.42 1.42
Total weight 118.23 (—)52.39 (—)16.27 18.34

Note: FBF: fixed buoyancy frame; ABF: additional buoyancy frame;

VBT: variable ballast tank; (—): positive buoyancy.
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Table 4. Mooring tensions on mooring lines in wave conditions

(Unit : N)
Load Wave Surface position Submerged position Reduced ratio*
02l ..
cell con.dmon Maximum Mean Maximum Mean Maximum Mean
(Period 2s) tension tension tension tension tension tension
Height 0.1m 12.38 6.60 1.38 0.76 11.15 11.52
A Height 0.2m 18.00 7.08 1.57 0.70 8.72 9.89
Height 0.3m 22.31 8.17 1.82 0.77 8.16 9.42
Height 0.1m 14.37 8.03 2.08 1.03 14.47 12.83
B Height 0.2m 21.00 9.21 2.36 1.11 11.24 12.05
Height 0.3m 24.29 9.86 1.62 1.12 6.67 11.36
Height 0.1m 7.52 3.96 1.26 0.46 16.76 11.62
C Height 0.2m 13.70 5.46 1.23 0.47 8.98 8.61
Height 0.3m 18.14 5.78 1.14 0.49 6.28 8.48
Height 0.1m 6.01 3.69 1.36 0.63 22.63 17.07
D Height 0.2m 10.73 3.75 1.20 0.59 11.18 15.73
Height 0.3m 13.67 4.49 1.55 0.67 11.34 14.92

*Note: tension at bottom / tension at surface x 100
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