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Abstract

This study presents placement models for marine forest artificial reefs (MFARs) to increase their wake
region efficiency. For the purpose, first, ten line placement models are considered to investigate the effect
of height difference between neighboring reefs on wake volumes. Second, seven single type placement
models and eight mixed placement models are constructed. Third, wake volume of each placement model
is calculated using the so-called element-based finite volume method. Finally, efficiency and unit
propagation indices are estimated using the corresponding wake volumes and geometric characteristics of
ARs. From the analysis results, it is shown a strong positive linear correlation between the efficiency
indices and the height differences of the neighboring ARs. In addition, it is found that the mixed
placement model with Rls (half-ball type reefs) improved both indices in comparison with the results of
the single type placement models. Thus, a mixed placement model can be an alternative to improve the
efficiency of wake region.
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[Fig. 1] Target Marine Forest Artificial Reefs: R1, R2,
R3, R4, R5, R6, and RY.
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<Table 1> Dimensions of Target Marine Forest

Artificial Reefs

B L H V, V
e | m) | m) | ) | m) | m) | (m)

R1 2.00 | 2.00 | 1.30 | 0.94 | 2.70 | 3.00

R2 2.50 | 2.00 | 1.50 | 237 | 5.50 | 3.25

R3 240 | 240 | 1.20 | 1.35 | 3.38 | 3.80

R4 220 | 220 | 1.40 | 2.26 | 2.58 | 2.50

RS 2.60 | 2.00 | 1.50 | 2.62 | 3.86 | 3.40

R6 290 | 240 | 1.40 | 3.09 | 3.07 | 2.20

R7 290 | 290 | 2.50 | 1.59 | 6.40 | 2.00
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[Fig. 2] Definition of Wake Region, Wake Area,
and Wake Length
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[Fig. 5] Drag Coefficient of R1-module according to
Number of Elements

<Table 2> Drag Coefficient of R1-module according
to Number of Elements

Type Shape of Number of Drag
yp element elements coefficient

Meshl | Hexahedron 3,519,485 0.64

Mesh2 | Hexahedron 5,763,238 0.60

Mesh3 | Hexahedron 7,770,962 0.60

Meshg | Tetrahedron, ¢ 505 g5 0.52
wedge

Mesh5 | Hexahedron | 11,036,546 0.53

Meshe | Tetrahedron, |5 34 768 | .54
wedge

Mesh7 | Hexahedron | 16,877,563 0.54
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Models
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<Table 3> Height Difference between ARs of Line
Placement Models

Height The ratio of
Tvoe difference (m) the height
P between ARs difference w.r.t.
(AH) R1 (%)
R1-2-1 0.2 15.38
R1-4-1 0.1 7.69
LM1 | R1-5-1 0.2 15.38
R1-6-1 0.1 7.69
R1-7-1 1.2 92.31
R2-1-2 0.2 15.38
R4-1-4 0.1 7.69
LM2 | R5-1-5 0.2 15.38
R6-1-6 0.1 7.69
R7-1-7 1.2 92.31
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<Table 4> Wake Volumes and Efficiency Indices
of Line Placement Models

Wake Efficiency
Type volume index
(m’) (®e)
R1-2-1 9.42 222
R1-4-1 9.94 2.40
LM1 R1-5-1 9.26 2.06
R1-6-1 9.98 2.01
R1-7-1 11.20 3.23
R2-1-2 10.34 1.82
R4-1-4 6.58 1.21
LM2 R5-1-5 9.54 1.54
R6-1-6 8.62 1.21
R7-1-7 14.16 3.44
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