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Abstract

The beneficial effects of submerged artificial reefs in attracting large
populations of fish and establishing a thriving marine ecosystem have long
been recognized by marine ecologist and engineers. It is thought that the
fish-attracting properties of an artificial reef are related to the flow field
structures in and around the reef blocks. Although the velocity distribution
is determined primarily by the geometrical design of the reef blocks and the
seabed topography, the relative positioning of the individual blocks within
the reef is also known to have a contributory effect, and must therefore be
taken into account when planning the deployment of a new reef.

Accordingly, this study commences by performing a series of
numerical simulations to visualize the effects of the seabed topography and
sea flow velocity on the flow structures induced in and around an artificial
reef block. Simulations are then performed to investigate the velocity
distributions induced by artificial reefs comprising multiple reef blocks
arranged in various configurations. The validity of the simulation results is
confirmed by conducting scale-model particle image velocimetry (PIV)
experiments in a horizontal circulating water channel.

The numerical and experimental results support five major
conclusions. First, the fish-attracting properties of an artificial reef can be
improved by placing the individual reef blocks on the top of raised features
in the seabed. Second, the distance between neighboring artificial reef
blocks should be no greater than twice the length of the individual reef
blocks. Third, the flow field effects exerted by the artificial reef blocks
extend in the vertical direction by a distance equal to approximately ten
times the height of each reef block. Fourth, a vertical arrangement of the
artificial reef blocks has a greater effect on the local flow field structures
than a horizontal arrangement. Finally, the artificial reef should comprise
no more than two or three layers of reef blocks.

In general, a good agreement is observed between the numerical
results and the experimental observations. Thus, the validity of the
numerical model developed in this study is confirmed. The present results
confirm that numerical methods provide a viable means of predicting the
flow fields in and around artificial reefs without the need for physical
experimentation. In particular, numerical simulations enable the efficacies



of alternative reef block designs and deployment configurations to be
systematically evaluated and compared in terms of their ability to create
suitable vortex and sheltering effects. Therefore, numerical methods
provide a versatile and cost-effective means of optimizing the design of
submerged artificial reefs in such a way as to reduce the overall
deployment cost whilst simultaneously improving the ability of the reef to
promote a thriving marine life.
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(a) B =5°/Sliced plane parallel seabed (a) B =5°/Sliced plane parallel seabed
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(a) B =5°/Sliced plane parallel seabed (a) B =5°/Sliced plane parallel seabed
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(a) # =5°/Sliced plane parallel seabed (&) # =5°/Sliced plane parallel seabed
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(b) B =15°/Sliced plane parallel seabed  (b) g =15°/Sliced plane parallel seabed
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(a) # = 5°/Longitudinal-Sliced plane (a) # = 5°/Longitudinal-Sliced plane
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(c) B = 30°/Longitudinal-Sliced plane
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(a) B =5°/Longitudinal-Sliced plane
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(b) B =15°/Longitudinal-Sliced plane
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(a) B =5°/Longitudinal-Sliced plane
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(a) B =5°/Longitudinal-Sliced plane

————

1.00
04 A
080
o) &5
jai; 0&E0
E
] A 040
[
020

1.05 Gl qm . |
: ,M/ﬁ 000

il e il

06 065 07 075 08
X(m)

(b) g =15°/Longitudinal-Sliced plane

e 7,

e 1.00
!5 ' 080
060
.40
0.20

065 07 075
X (m)

(c) B = 30°/Longitudinal-Sliced plane

100
040
060
040
020

0.00

B 5-14 M P 38 C-XZ & v
Fed R 5 SRR 2R A



(a) B =5°/Sliced plane parallel seabed
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(a) § =5°/Sliced plane parallel seabed
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(a) B =5"/Longitudinal-Sliced plane
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(c) B = 30°/Longitudinal-Sliced plane
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