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Fig.2 The flowing state and the pressure distribution of water produced by the combination of artificial ship-reef
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Tab.2 Comparative effect on flowing states by ship-reef laying at different depths
AR K% (m) F F, Fy Fyq Fs
B 10 0.1008 0.2991 4.90 2.7 10.0
15 0.0971 0.2992 4.80 2.7 10.0
20 0.0963 0.3067 4.70 2.7 9.5
D, 10 0.1376 0.4837 3.00 2.0 11.0
15 0.1329 0.4929 3.27 2.0 11.0
20 0.1315 0.4929 3.27 2.0 11.0
I3 FRRETHHEF[ESETREEL
Tab.3 Effect on flowing states of ship-reef laying at different flow velocities
BT Vi #E (m/s)
\ A, B Cy Cy D, D, D,
F, 0.1 0.1529 0.1430 0.1530 0.1004 0.0879 0.1622 0.2091  0.0994
0.5 0.1234 0.1221 0.1235 0.0932 0.0831 0.1470 0.1853  0.0705
1.0 0.0979 0.0931 0.0975 0.0931 0.0853 0.1318 0.1763  0.0887
1.6 0.0961 0.0927 0.0963 0.0931 0.0848 0.1315 0.1766  0.0659
F, 0.1 0.6184 0.6212 0.6122 0.3014 0.6735 0.5272 0.5604 0.7354
0.5 0.4841 0.4882 0.4809 0.2881 0.4829 0.4620 0.5829 0.3796
1.0 0.2970 0.2987 0.2966 0.2982 0.2877 0.5097 0.6197 0.4520
1.6 0.3073 0.3073 0.3067 0.3059 0.2713 0.4929 0.6047 0.2803
F, 0.1 1.11 2.00 1.11 3.27 3.27 2.18 3.00 1.82
0.5 2.70 2.58 2.58 3.27 2.73 2.05 2.73 1.82
1.0 4.37 4.45 4.20 4.64 4.36 3.27 3.81 3.18
1.6 4.90 4.80 4.70 5.18 4.91 3.27 4.23 4.09
F, 0.1 1.67 1.67 1.67 1.60 1.40 1.67 1.80 1.67
0.5 1.67 1.60 1.70 1.40 1.60 1.67 1.50 1.50
1.0 2.00 2.00 2.30 1.60 2.00 2.33 1.67 1.80
1.6 2.67 2.67 2.70 2.40 2.20 2.00 2.40 1.83
Fs 0.1 6.5 6.5 6.0 6.0 6.0 7.0 5.5 6.7
0.5 6.5 6.5 6.5 6.0 6.0 6.5 4.5 7.5
1.0 9.0 9.0 8.5 9.0 8.0 9.0 5.25 11.7
1.6 10.0 10.0 9.5 10.0 9.5 11.0 6.5 13.3
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HYDRODYNAMIC SIMULATION TO THE BEST LAYOUT OF
ARTIFICIAL SHIP-REEFS

YU Cong-Da, YU Cun-Gen. YAN Shi-Qiang’
( Zhejiang Ocean University, Zhoushan, 316004)
*( Zhejiang Ocean University , Zhoushan, 316004; Dalian Maritime University, Dalian, 116026)

Abstract In recent years, offshore aquatic resources have declined due to over-fishing and deterioration of the
marine environment. Artificial reefs are an effective measure for not only improving the marine ecological environment
but also constructing fishing grounds. Since the 1980s, artificial reefs have been built in many Chinese offshore
areas, and tests on the hydrodynamics of artificial reefs have been carried out in tanks. Recently, with stricter con-
trols of marine fishing in Chinese waters, a greater number of discarded ships have been utilized to build artificial
reefs, dubbed, accordingly “ship-reefs” . To date, few reports have emerged on maximizing the effectiveness of ship-
reefs through appropriate arrangement of these discarded boats. This paper considers hundreds of discarded wooden
fishing boats that have been laid on the sea-floor of the Zhoushan Fishing Ground where our study to get best layout of
the ships was carried out.

In order to discover the optimal layout pattern, and provide theoretical basis, flume test and numerical methods
were used to simulate the hydrodynamics in the case of the artificial ship-reefs, to work out how various patterns and
scales would affect the formation of upward flows, back eddy flows, and mixture and exchange between shallow and
deep water layers .

Optimization occurs under the condition that the ship-reef layout could increase the dissolved oxygen in the water
and carry nutritive salt from the bottom to the shallow layers. Ideally, the condition must be able to promote as large
as possible an area of upward and back eddy flow and reduce as much as possible the sedimentation that would clog
the area for marine transportation route. The sedimentation effect can be assessed by calculating the ratio of the maxi-
mum vertical current speed to that of the flow-in current.

Equations were established to calculate the hydrodynamic states of the upward flow and back eddy flow around
the ship-reefs, and a quantitative model was made to get the best layout. The best condition is where depth is 10—
20 meters with reciprocating current, and the maximum current speed is 1.58m/s. Eight types of ship-reef layout
pattern were selected for research .

Results show the best layout fashion is a single large ship. The maximum speed of upward flow caused by the
various combination models of the ship-reef was 0.05—0. 15 times to the flowing-in speed . With the increase of flow-
ing-in speed, the effect caused by upward flow and back eddy flow was greatly strengthened. With various flowing-in
speeds, the ratio of affective width of upward flow to that of the ship-reel was 1.1—5.0, affective height of upward
flow to that of ship-reef was 1.4—2.0 while affective length of back eddy flow to the height of ship-reef was 4.5—
13.0. Different layout pattern of the ship-reef produced significantly different sediment clogging. The ship itsell had
a minor contribution to the clogging because of the streamlined shape.

Key words Artificial ship-reef, Model optimization, Hydrodynamics, Upward flow
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