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Abstract

The upwelling current brings up nutrient-rich water from subsurface towards sea surface. If a plenty of nutrient are supplied into

the euphotic zone, the primary productivity will be increased there by enhancement of photosynthesis. As a result of a food chain,

the upwelling region becomes an area of higher fishery production. In order to generate the upwelling artificially, various shapes of

marine structures installed on the seabed are studied so far. The present paper describes the results of flow visualization carried out

for models of marine structures which generate upwelling effectively. The shapes of marine structure used in the experiments are a

triangle cylinder like mountain range, a vertical wall, V-shaped structure and various combination of two V-shaped structures, such as

X-shaped, W-shaped and so on. Flow visualization tests were carried out in a small towing tank whose dimensions are 4m long, 0.5m

wide and 0.4m deep. The carriage runs on the bottom of the tank with constant speed by use of towing wire. The malachite green of

basic dyes was used as a tracer. The height of models used is 3cm and the speed of carriage is 0.05m/s, and then Reynolds number

was about 1350. It is found that if the subsurface current flows in one way direction, V-shaped structure induces the most effective

upwelling. On the other hand, X-shaped structure generates upwelling effectively in all directions of current.
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Fig.1 Schematic of experimental apparatus and arrangement
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Fig.2 Carriage and arrangement of tracer issue
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Fig.3 Malachite green

Fig4 Rhodamine B

Fig.5 Bismarck brown
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Fig.6 Effect of flow velocity on upwelling
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Fig.8 Binarized image of upwelling flow and coordinate system
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Fig.9 Profile and volume index of upwelling

BRREZHETE T D203, BB RR S H A
LTWSENETO EFRENBETSH H0%, KHFET
WBREZFEL TWARWD T, BRERORDDIC, —
DOHZE L T L 2R ROMmEE Hnsd Z &
U7z BARMEEOMY 7S > 7 b > ORI ER)
WERT 572013688 (HEEE) £TEATS
NS D, 5. KED 60 ~ T0m THIMEREED 30 ~
40m Ok ZE L. M E I 2 10 ~ 12m S{ET
L&, BRRNHEREICETZAREMENEID3
BEBEAT, y/ WO 3DAHRBERRERET D, B
2. BRIEIZ FRICH<IZEEBRFRICE TN TN D 5E
HOBEIIHE-> T, H2RELTICRDETSFT 2T
COIEHALICENTHER Lis<eb EEZ 5015, Lz
Mo T, AR FIROBEAND D &% 2 5N 0EMAE
BTF—F NN &, AL ER T NRICT<IZ
ENL—Y— DML > T, FHIREENREL 2D
ZEMME, ZZ T x/h=30 T TZERHPEHREL T,
Fig 9 IORT AR EBRATE S y/ h THEN S MIHEFEZ
BEARBREE Sq EERL T, BAMBOMMIEEE L
7z

KIZ, EFICHWEEYERIZ DWTIRR S, HA
7RIk E U T 2 S = Ak 2 H D = Ak
DL (Mount) DR 2 FEEH & SRR D RS W) & WK
ICHEEICHRE L2 (Wal) 23U 72, (i o—
DIFTEAN 90° T, InZzLAE (90) Lilkd 5, 5
—DIXTEMAAY 135°C, WEILAR & PR U CHRBIEICRE
LTCWaiEY " 1EBOR T, I (135) &tk
T%, BRONEZUTOEBD T, BHOBEEZZN

ZT3 Fig.10 ~ Fig. 12 [T/R$, Fiz. FIFHA DR EF
7R, B BRI AR TEB AR R ATE W V R
Y'Y OB D EFE % Fig13 1R d. K ORENLH
NoOFHHZERLTNWS, 2N 5 OBMFEZE Niticic 3.
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Fig.16 Model of N type Fig.17 Model of Staggered V type

Fig.18 Model of Separated V type
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Fig.19 Image of upwelling induced by Mount(90) type structure
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Fig.21 Image of upwelling induced by V type structure
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Fig.29 Effect of flow directions on volume index of upwelling

INETIEMEED DRSS DIRNHNEEY) % e O B
ATHEUDEARZBRL TV, #EYO NRMO

MNZEFARDZDI12, ML —P—Z2#EY D FRANTHR
LTt L7z, D 1HE LTV RESEHOHREE
Fig.30 127" 9, FIRAITH, MK 5HFRANE E Eaio
TV ZENGN D, MEEMITE > THUmIEED
LD BEDKZEZHT RN FIRIZIEN TS, Z
DEOBFAI XA E, VEZHASDEZMHEY
THELTWS, [P HEIHTHEL TSN, VIl
RETHARD ERIREDEN, ZOXDIT. WEICHRE
L7eBEMIT L o T MEmai 7 S T E iRk
2 TR, FRUOERKDEBERT DI LIRS,

e LN St

Fig.30 Image of upwelling generated behind V type structure
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