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Flow Characteristics Analysis of Artificial Reef Wake Region Using
Recirculating Efficiency Index
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Abstract

A wake region is a recirculating water flow zone formed behind an artificial reef (AR). The region is
richer in nutrients and organic matter than the surrounding water mass, and has lower water flow, which
helps promote the feeding and resting activities of marine organisms. Studies on the artificial reef wake
region have mainly focused on its size. However, the performance of the wake region cannot be limited to
the size, and the velocity of the recirculating flow should be also evaluated as an important factor. Thus,
we proposed a recirculating efficiency index of a cube-type AR and examined ways to increase the
efficiency index by modifying the geometric characteristics of the reef. When considering seven variations
of the basic design (AR1) of the reef, the inclination of the corner members or the increase in the overall
thickness of the members due to the reduction of the perforated area did not improve the efficiency index.
On the other hand, in the design plan that maintained the thickness of the basic but reduced the perforated
area or increased the area of the structural element that blocks the inflow, the efficiency index increased
by more than 40%. This is because the flow-blocking function of the design plan was strengthened,
generating a relatively low-speed recirculating flow inside and at the rear of the AR. Thus, it can be said
that increasing the volume of the reef as small as possible while increasing the area of the structural
element that blocks the flow into the reef is beneficial for improving the recirculating efficiency.

Key words : Artificial reef, Recirculating water flow, Wake region, Recirculating efficiency index
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[Fig. 1] Target ARs: (a) cube-type AR (AR1), (b)
hemisphere-type AR (AR2), and (c)
cylindrical-type AR (AR2).
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[Fig. 2] Flow domains: (a) the main domain and
(b) sub domain.
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[Fig. 3] Discretization of flow domain.
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[Fig. 4] Independence test results.
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<Table 2> Wake volumes of AR1, AR2, and AR3,
classified by v,, ranging 0.0, < 0.1,
< 0.2, = 0.3, and =< 0.4, respectively,
when the inlet velocity is 0.5, 1.0, 1.5,
or 2.0 m's”

Wake volumes (m’) at normalized
AR recirculating velocities

Inlet
velocity
(m's-1) 0.0 <0.1

<02 =03 =04

ARl 212 447 583 716 858
0.5 AR2 139 287 375 455 547
AR3 025 051 065 081 1.01
AR1 358 699 9.15 1134 13.67
1.0 AR2 137 336 462 581 714
AR3 024 051 066 083 1.03
ARl 385 7.66 1025 1290 15.90
1.5 AR2 145 342 500 634 774
AR3 022 046 063 082 1.06
ARl 396 7.83 10.60 13.54 16.96
2.0 AR2 152 322 469 618 7.67
AR3 022 045 061 078 1.01
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[Fig. 5] Wake volumes of ARI, AR2, and AR3
considering v,,, ranges of 0.0, < 0.1,
< 0.2, = 0.3, and =< 0.4, respectively,
when the inlet velocity is 0.5, 1.0, 1.5,
or 2.0 m's™”.

[Fig. 6] Visualization of wake volumes of ARI
when the normalized recirculating
velocity ranges are: (a) 0.0, (b) < 0.1,
(c) = 02, (d = 03, and (e) =< 04,
respectively. In this case, the inlet
velocity is 1 ms™.
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<Table 3> Recirculating efficiency indices (REI) of
ARI1, AR2, and AR3, classified by v,,
ranging 0.0, < 0.1, < 0.2, < 0.3, and
< 0.4, respectively, when the inlet
velocity is 0.5, 1.0, 1.5, or 2.0 ms!

Recirculating efficiency index (REI)

Inlet
velocity AR at normalized recirculating velocities
(m's™) 00 <01 <02 <03 <04

ARl 154 325 424 521 624
0.5 AR2 159 330 431 523 628
AR3 351 726 923 1139 1432
ARl 261 508 6.65 825 994
1.0 AR2 157 386 531 6.68 820
AR3 334 7.18 936 11.74 14.60
ARI 280 557 745 938 11.56
1.5 AR2 1.67 393 574 729 890
AR3 310 654 892 11.62 15.03
ARl 288 569 771 985 1233
2.0 AR2 175 369 539 710 88l
AR3 3.09 635 860 11.03 14.33
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[Fig. 7] Recirculating efficiency indices of ARI,
AR2, and AR3 considering v,, ranges
of 0.0, < 0.1, = 02, < 03, and <
0.4, respectively, when the inlet velocity
is 0.5, 1.0, 1.5, or 2.0 m's’",
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[Fig. 8] AR models, considered to improve
recirculating  efficiency indices: (a)
Type A, (b) Type B, (c) Type C, (d)
Type D, (e) Type E, (f) Type F, and
(d) Type G.
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