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Estimation of vertical and horizontal spreading force of the towing
cage for transporting the live fish by model test and simulation

Subong PARK, Chun Woo LEE'*

Department of Fisheries Physics, Pukyong National University, Busan 608-737, Korea
'Division of Marine Production System Management, Pukyong National University, Busan 608-737, Korea

Nowadays, consumption of fisheries products is increasing. There are several factors, one of which is a quantitative development
through aquaculture. Another factor is an increase qualitative consumption of fish which require that fish be supplied alive. This
requires a lot of technical effort to transport the live fish that have low survival rate (c.f. tuna and mackerel) in coastal waters
and in the open sea. To develop a towing cage for transporting the live fish, model test in a circulate water channel and simulation
by computer tool were carried out. In order to spread vertically, floats were attached at the upper part of the cage, and iron chains
attached at the lower part of the cage. For horizontal spreading, kites were attached on the cage. The tension and spreading per-
formance of the cage were measured. The result shows that the tension and reduction ratio of inside volume of the cage were
tended to increase with increased towing speeds. The suitable operation condition in towing cage was 1.0 m/s towing speeds
with vertical spreading force 8.7 kN, horizontal spreading force 5.6 kN; in this case the reduction ratio of inside volume of the

cage was estimated as 25%.

Keywords : Towing cage, Simulation, Model test, Live fish, Spreading force
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Fig. 1. Schematic drawing of a towing cage.

Table 1. Specifications of the towing cage

Item Specification

Net

Size (m) 27X6X%X6

Material PA(Nylon)

Diameter (mm) 10

Mesh type Square

Length of bar (mm) 120
Kite

Size (m) 3X6
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Table 2. Specifications of the model and simulation towing cage

Specification
Item
Model Simulation
Net
Size (m) 1.35 X 0.3 x 0.3 27 X 6 X 6
Material PA(Nylon) PA(Nylon)
Diameter (mm) 0.5 10
Mesh type Square Square
Length of bar (mm) 6 120
Kite
Size (m) 0.15%x0.3 3x6
Towing rope
Material Dyneema Dyneema
Diameter (mm) 1.8 36
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Table 3. Simulation test matrix

Parameter Condition
Buoyancy (kN) 4.9 6.3 7.0
Sinking force (kN) 2.1 2.4 3.1
Towing speed (m/s) 0.5 1.0 1.5
Lift force of the kite (kN) 1.9 5.6 9.3 14.8
Z
%3._* 7t et Hlw

Fig. 9. Deformation of the side shapes of the towing cage with chang-
ing towing speeds (Left: Model cage, Right: Simulation cage, (a)
0.5 m/s, (b) 1.0 m/s, (¢) 1.5 m/s).

Fig. 10. Deformation of the top shapes of the towing cage with
changing towing speeds (Left: Model cage, Right: Simulation cage,
(a) 0.5 m/s, (b) 1.0 m/s, (c) 1.5 m/s).
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Table 4. The variation of tension of towing rope with changing tow-
ing speeds

Towing speeds (m/s) Tension (kN)
0.5 6.9
Model cage 1.0 30.0
1.5 87.2
0.5 11.2
Simulation cage 1.0 41.6
1.5 87.0

B 82 7h A 8-S Table 5ol e QL. ol ¢l &
SASE MR YR §A o] Fastglon, ol =
LOm/sol A 7] U5 84 4482 ng AT Al &

A

Table 5. Variation of inside volume of the cage with changing towing speeds

Towing speeds (m/s) Inside volume (m?) Inside volume reduction ratio (%)
0.5 742 10.2
Model cage 1.0 659 20.2
1.5 595 28.0
0.5 763 7.7
Simulation cage 1.0 617 253
1.5 483 41.5
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Table 6. Variation of inside volume of the cage with changing ver-
tical spreading force (1.0 m/s, horizontal spreading force 5.6 kN)

Vertical spreading Inside volume Inside volume

force (kN) (m?) reduction ratio (%)
7.4 498 39.7
8.3 484 41.4
8.7 617 25.3
9.4 519 37.2
9.5 617 254

Table 7. Variation of inside volume of the cage with changing hori-
zontal spreading force (1.0 m/s, vertical spreading force 8.7 kN)

Horizontal spreading Inside volume Inside volume

force (kN) (m?) reduction ratio (%)
1.9 495 40.1
5.6 617 25.3
9.3 613 25.8
14.8 584 29.4
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