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Fig.1 Sketch map of sea-cage under wave situation
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Fig.2 Small-cylinder situation in sine wave

dF = dFD+dF1
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Fig.3 Net panel under wave situation
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Tab.1 Comparism of calculated to experimented result of the maximum horizontal wave force value

FH R 0.72s; I 0.8m FH R 0.80s; FHEK 1.0m
-2 3 B (am)

51.9 57.8 68.3 77.8 58.4 79.6 96.9 97.5 120.0

B E(N) R 1.6568  1.9114  2.4005  2.8838  0.9554  1.4064 1.8258  1.8412 2.4616
AR 0.0384  0.0473  0.0666 0.0884  0.0099  0.0188  0.0293  0.0298 0.0494
WK 0.9423  1.0593  1.2646 1.3923  1.4195 2.7675 3.9898  4.2451  6.9664
W 75 2.4166  2.7631  3.4128 3.9927 1.7962 3.2739 4.6257 4.8746 7.7378

R U {EH (N) 3.0765 3.2661 3.3030 3.4945 2.2924 3.7338 4.7980 5.1110 8.2227
BE(%) 21.45 15.40 1,32 14.26  21.65 12.32 3,59 4.63 5.90
‘ 5 0.90s; F BB 1.26m TR 1,055 FHIB K 1.56m
F- 3413 & (mm)

56.4 89.0 1143 123.4 1256 553  107.9 131.8 159.8 171.2
L E(N) HE L8 0.6894 1.2308 1.7449 1.9493 2.0003 0.5426 1.3763 1.8714 2.5566 2.8694
AR 0.0190 0.0480 0.0843 0.1011 0.1055 0.0314 0.1180 0.1848 0.2917 0.3460
A 1.2016 3.5452 4,5239 5.1414 5.4027 0.9862 3.2024 4.3131 6.2841 7.8896
F 1.3641 3.7845 4,9438 5.6211 5.8903 1.1748 3.7338 5.1030 7.4051 9.0991

REMEN) 2.0243 4.2935 4.8385 5.3136 5.3559 1.7911 4.1168 4.8533 6.2157 7.2652
BE(%) 32.61 11.86 2.18 5.79 11.61 34.41 9.30 5.15 19.14 25.24
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Fig.4 Tterative calculation of the wave force for sea-cage under four groups of wave situation
a. BKH 0.8m B X 68.3mm;b. WK K 1.0m. 5 &4 96.9mm;
c. YKN 1.26m BHEH 125.6mm;d. WK 1.56m B H % 131.8mm
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3R YR T 150 ol P v R AT K RO MR
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RRHBRAEFTEZ—

#2 FAKHETHESRXKFERIBNELE(%)

Tab.2 The relative change rate (%) on the maximum cage force under different conditions

FHTBERAHNE (%)
Y R H b
25 50 75 100 150 200 300 400
EkK 636.28  19.64 56.30 0 -68.69 -71.57 -69.62 -72.26
e -87.08 -67.75 -39.69 0 120.10  359.76 1407.07 4128.26
P58 K B -25.64 -48.30 -47.63 0 19.85 -37,78 64.89  113.88
R R -44.50 -29.93 -15.33 0 31.13 62.26 124.51 186,77
W58 6 -10.03 -3.48 -0.93 0 0.47 0.54 0.57 0.69
ERmM ~-73.54 -67.56 -30.41 0 34.90 59,92 48.21 3.00
EAlL K (m) 0.35 0.525 0.7 0.875 1.05 2.1 3.5 7.0
BRI ER(%) 0.79 0.05 0 0 0 0 0 0
REKBRHNTHEBEELE(%) 0 5 10 15 20 25 30 40
BRI R (%) 0 ~26.00 -44.66 -58.19 -68.03 -75.34 -80.84 -88.20
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CALCULATION AND EXPERIMENT OF HORIZONTAL WAVE FORCE AND PROVED
BY EXPERIMENT IN WAVE POOL FOR A SQUARE SEA-CAGE

SONG Wei-Hua, LIANG Zhen-Lin*, GUAN Chang-Tao™, ZHAOQ Fen-Fang', HUANG Liu-Yi', ZHU Li-Xin®
( Department of Marine Fisheries, Zhejiang Ocean University, Zhoushan, 316004; Fisheries College,
Ocean University of China , Qingdao, 266003)
*( Fisheries College, Ocean University of China, Qingdao, 266003)
"' Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao, 266071)

Abstract Sea-cages are mechanically influenced by both waves and currents. An effective operation requires hy-
drodynamic research in the perspective of durability, security and productiveness of the cage. Current research is hin-
dered by insufficient knowledge of wave force. Intrinsic factors of the cage, such as framework pattem (shape and
size) , and materials (rigid or flexible net and rope), must be considered in any simulation of the sort. Using sinu-
soidal wave theory and iterative calculation method, the authors simulated the scenario of a rectangular cage under
lateral wave force and analyzed the characters of horizontal wave force for the sea-cage. The simulated result was then
compared with that of lab flume test. Two results were found to be similar to each other, and the average error ratio
was < 15% and occasionally was 20% when ratio of wave height to wavelength was < 0.05 and the Keulegan-Car-
penter number was < 30. This is because the cage inertia force is ignored in this case and the calculated hydrody-
namic coefficient was based on the result of different material experiments that was conducted by early researchers
more than 50 years ago. The horizontal wave force on the cage changed periodically and asymmetrically with two
peaks per period. When wave period was < 0.72s, the frame wave force was in effect, otherwise net wave force took
over. In flume test, a constant condition was applied which was wavelength 0.8m, period 0.72s, depth 0.7m and
height 68.3mm. The simulated results showed that under the condition, the magnitude of wave force have positive re-
lationship to the wave height, the frame size, cage shape, anchor attachment and other specifications should be de-
signed according to the actual condition. The simulated results showed that: first, when wave height increased by
1, 2, 3 times, the wave force increased about 3.5, 13, 40 times respectively, which suggested that the sea-cage
should be placed in lower-height wave area. However, increase of wavelength would result in instability of the sea-
cages, thus placement of combined-cage in the longer-length wave and individual cage in shorter-length wave area is
suggested. Secondly, when wave motion direction does not change, we could lengthen the cage size parallel to the
wave direction; when wave whirls and swirls, squared or circled cage should be used. Thirdly, when sunken depth to
cage height was between 20% to 40% , the relative ratio of peak force decreased from 68.03% to 88.20% , indicat-
ing that the impact of wave force can be reduced with placing depth. Therefore, the sea-cage height can be adjusted
accordingly to some extent with the wave dada. But this paper dealt with only the situation mentioned above, in the
future, study on mutual interaction of wave and current must be considered using vector iterative calculation method.
The cage’s cubage must be calculated through net figuration change by the Finite Element Method (FEM) .

Key words Horizontal wave force, Square cage, Iterative calculation method, Lab flume testing proved
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