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An Experimental Study for the Falling Test and Upwelling Effect of the
Artificial Upwelling Structures in Flow Field

YONG-HO JEON*, GYUNG-SUN LEE*, YOON-KOO KANG*™ AND CHEONG-RO Ryu*
*Department of Ocean Engineering, Pukyong National University, Buasn, Korea
**Engineering and Construction Group, Samasung Corporation, Seongnam, Korea

KEY WORDS: Artificial upwelling structures ¢13&%7%%, Optimum section 94, Stratification parameter 857, Falling
test $3}%, Deposit test ¥4 3, Upwelling effect test §5EIHH

ABSTRACT: The multiplication equipment of marine products with artificial upwelling structures could be useful in the fishing grounds near
constal areas. Artificial upwelling structures could move the inorganic nutrients from the bottom to the surface. Artificial upwelling structures
have been used to improve the productivity of fishing grounds. Until now, research on artificial upwelling structures has been related to the
distribution of the upwelling region, upwelling structures, and the marine environment. However, little work on the optimum design of the
rubber-mound artificial upwelling structures has been done to increase the efficiency of drawing up the inorganic nutrients. This study
investigated the optimum cross-section of rubber-mound artificial upwelling structures by means of hydraulic experiments. The hydraulic
experiments include the falling test of rubber. Based on the results of the falling test, the relationship between the length of the rubber mound
and water velocity, and the relationship between the shape of the rubber and the stratification parameter were established. In addition, the effect
of the void ratio of various artificial structures on the stratification parameter was studied. From the experiment, it was found that upwelling
could be enhanced when the ratio of structure height to water depth was 0.3 and stratification parameter was 3.0. The upwelling was not
improved when the void ratio exceeded 0.43. The optimum size of rubber mounds was determined when the incident velocity was influenced by
the mean horizontal length rather than size of block.
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Fig. 1 Conception of artificial upwelling structure
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Fig. 2 Experimental setup



Table 1 Experimental conditions

3 2 gEe) B3

Current
Block De Structures d Blocks
s
Titles size A pth height pIe/e oc
ol I o) » mumber
[cmy/sec]
0 500
. 0.8
Falling 24 500
2 80 X
test 3 55 500
9.5 500
0 2000
. 08
Deposit 24 500
2 80 x
test 3 55 1000
95 1000
10 24
Upwelling
0.8 80 20 55
test
25 95

Table 2 The mean horizontal distance and mean falling speed

Blocks  Stratification

Mean horizontal ~ Mean falling

Case Sizes parameters distance velocity
tglem]  Sllog(h/ V) L7 fem] Vi lom/sec]
1 0.8 - 2 13.662
2 08 3.67 10 14468
3 0.8 296 29 15.000
4 2 3.67 9 18.285
5 2 296 22 20.994
6 3 - 4 26.185
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Fig. 3 Photo of falling motion of blocks (time interval: 0.033
sec)
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Fig. 4 (a) Variation of falling velocity and (b) mean horizontal
distance with block sizes
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parameter and (b) block sizes
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Table 3 Structures condition of void ratio
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layer

Void ratio 0 043 0.58
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Fig, 8 Variation of current field by void ratio
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