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Hydraulic model experiment on water exchange enhancement

by using tidal energy
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By Kazuo MURAKAMI,Fuminori SUGANUMA,Keiji MIYAZAKI,
Kuniaki YAMADA and Katsuyoshi SHIMIZU

Water exchange is an important behavior to maintain water
quality in enclosed coastal seas. Breakwaters located at the bay
entrance have a role to protect the area from natural disaster
such as tsunami waves or storm surges. However, water quality
deterioration is worried about due to the decreasing of the
entrance crose-sectional area.

In the paper, the authors investigate the technique of water
exchange enhancement by the layout of the breakwaters and study
the mechanism of water exchange. It concludes that the water
exchange is promoted by the horizontal circulation which is
caused by vorticity generated at the entrance of the bay
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2.1 HBEEBROZE2S
PSR DM KZZMBIRIE, MFMOILNIC L 5EMIEE, MY BRERSC X 5K EEER, BLUCEERS
KRR L HHEBRBLEOHRNBEELEETHS . BB X 5HA#EBROBARTRICRITTHEL,
B BEERCHERSNIAEBRRICLDBATREYBESECIURELZ bOKE, BOHBOMERERED X
ORDICHEBERBKC L IXBPEFEINT, MARBRREL RDHELDHDILBBHENTVS (M
rakami, 1992) . LALEBAMEHRBES W BHEEE, BECEHONE 2RO S 200, BRE
OBRPORBLSTHABLRVEERKERTHS . LeBoT, BOMHEE2zREBERL522 20N
SRUEZBERT, ZhHoDOBBEDEZVPRERT 3 LERNOEAZTHEBE RBRWVAA, DB VITEES
REIDEONTORFEIT-T2.
E—1&, #MRTCAVRAKEEROBEERRT .

> 260 — YRGB X 5 HIRE KM LT . EEAMMAICS.
[P L — dn X 5.4n X 0. 15nDEFOMSIRERT, £— 1
I T RRTEREHECOVT, FhENER, BYRENR,
BIUOgER oo - r0OREREROIEREERL
2 S
Bl | rieowonso 30y L Fixed vauts N /TC-
T [ovibre ] T
iJV walls ) T #—1 ZBREH
i = =R sn
h_:;;}:-- A Scale | Proto T. ! Model
8 . Horizontal Length [ 1/700 | 3.78km 5.4n
1/~ Vertical Length 1/100 | 15m 15¢m
T '—J—J 160 N
] Time Scale 1/70 12h28m 640s
T =t Width of Entrance [ 1/700 | 630m 90cm
3‘1 Preunatic Tide Generatar g ‘_Ep[— Length of Eatrance | 1/700 { 630m 90cm
— 0 — =—— Tidal Awplitude | 1/100 [ 1.0w 1. Oca

B—-1 HREOME
#-2 ERy—RLPYBREH=FIAVF—(Eq), BR(La), RUFHHERMH ()

No. of Shape of entrance Amp. ER LR ‘rR
Entrance Width(¥) | Length(L) | (cm)
Run-1 1 90 cm 0 0.5 43; 211.7 ??.g
center %:8 21;2 4735 41
Run-2 1 180 0 0.5 94 * 165
1.0 102 * 62
center 3.0 1187 1267 10.6
= 90 180 . 4 1. 340
Run-3 ! § 3:3 156 | 148 MR
center 3.0 1305 | 1633 3.6
Run-4 1 90 0 0.5 46 2.8 66.6
B 1.8 %32 158 14.9
right end 3. 2210 6806 3.2
-5 45x2 0 . 2.4 23.
Run z * 1:8 st | 108 51
both sides 3.0 1460 2288 3.2
Run-6 2 45x2 0 0.5 27.7 1.2 47.4
. . 1.0 185 49 10.3
both sides vith jetty | 3.0 420 185 5.0
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Y, OB ETRHERTLZE LW EFER-D.

2.3 WkZHRER

B EABKORZHBEEZRD DD, BRTOTe— b3 VERBOREEM DL LYHERN (
Takeoka, 1984) ZRD%E . BRADO P V—P—2 LT, PRI L3 EL7u— Mo X3 588D 5 . 8
DRE, THRE L LTHERKEARK L ZE~VRR X > T, BRAKCEEZESSETH—BER
REL, ZOERBEDEBMER?SBAKOEYHERFEERDE. LMo T, PHEHL LTEAD
AABHIELTOBRBIALOEBETHSD, 2hEHLTT7e— b2 Fv—Y—RLEHE, BENOBY
B ErZEEETOLERPEAMTESILVHIHEER/>. L2L, BENOFII=ZKEEEEZ b T
Bz, RBEBOWTRE - £HBEL, 7Ju— FoM%ME - BEBELTCLES . LEBLT, 7Jr—}
CEBARBOREN (To— ORI BARBREORE) CIHHEAYEDLS. LER-T, FRBRIZR
W, R E ML LERARREREEE L .

3 . ZBRBROKH

K2R TP LERRy— AR LTT7o— e X AHMEREEME L . EHEOREH CRE L AR
BlOMEELD L, EOF—AROSVTHIZFLALRALTHY, BnHoBRE L 3BENOBMNERICR
EVHEBRIEFTCNESVLOLELILNS . 2O X, THEIALWHHRE COLFAHMCEND»LEN
CHRATBRROERL, EOOBRRIZBLALERINRVWILZERLTWS. LikBoT, EAK
T ORI ON EEYREILE O ERCERATI I Lices.

WEEBRERPLO—AHMOTHEL LTOBMYRER, BLUBAKZRER» bOENOLERED
W s DR RS H— 3 ~F— 81TRT . B— 3 Run-1) X, W=90cm, L=0cn, B—4 Run-2)i¥, W=
180cn, L=0cn®DFATHS . BHESLVEONZBIBREB/PEL, LEB-THHRBHERIEREN
ZREBHEPNEL RB0T, BAKBRED/NELL Z2oTVS . ZOFRE, BEBREZKEFERKBCES
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KIZE— 5 Ruu-3) DRSOV THRNTS . I— 50y —RIW=9%0cn, L=130ce®BATHS. &ED

BEAK—-30PALALTHY, BONETOTHRIEIFACCHIR, MYBREREH DN BKEF/RRE
NS, LEB->THARREL/NSVERLE-TVS. Zhit, BORL =YDk dHiZ, WARKZ
BRBEREINT, BB CHEShBIBERNEP ot Bbh3.

rEZ, BOHOMBIZOVTOBRIZITH . Run-1~30 V) ~ZXORBRIECHEBBEoORLE Do
BREZONTThHo e, ZONBEABHICHERLEERFITOVTORELE— 6 (Run-4) KFRT. W=90cn, L
=0cniiRun-1DPA L AHTH S . Ru-1 OB ARELA R TN FNERBBTER SN0 L, Run-40
B 1 OOXKERFPRBBHBRENTOHS . Run-1HIEHERTETFRARLBRERMEV O, BHRBEFHIEE -
ez ditdy, HHEKOBEAR» L OERRBELS Roktd Lt Bbhd . LALBUEESKE LT, KE
BREORE EBBARACREL ) Cahil, BAZREOKRE SRHOBOMRICIELRVEITE
3.
wiT, BOMONEREEHICLT, 220 ABERILEETDS . TOERER -7 Ru-5) IKFRT .
ZOBARBHNOERKVELEICR-TL 5, Ru-50HA, BAZROREZD T VHMZCE RV, Thit,
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OHEAIREMLLRFET B LV —FMRARBRENS . LEadoT, MWRBRERIC L 3K ERERITRun-1ITHE
RBEREVERITZRVE, —HAROBEREZ LV BKERBEEEN TR LBbRi3.

4. EREROZBH

BB oREI L3HEROBhB LI THEARRICETIEZEBRERIZOVWTERL . ThbOfEEND,
EOOHREBVBEROBEBLIVCHEARRORXSRBELTERTS . £—21K, FLXOERTy—X0D
EHFERE, BYBRER=FIAVFY—, BIUBRENORECHEIEOMIZ X 52BROMEERT .

| R
‘ER—I—‘—'RO dt (1)
EB=%Z(U32 + V%) (2)
v (|9Vs _ aUs
Id—z(lax dy ) (8)

ZZiZ, R(D/RoXESE t COHEOENRB 2BHFE, RoITHRBCOENOHEE, Us,
ValRZhZhEYBEROKERSY, ErlBYBERoR L2 —, LikBRTHS.,

29, BHOBMYBER=IAX—LBREOHBEER- 9T . EECRWHERZRTI LB bR S .
CORBX, BEBOMABKLI>THRENWCREBRBRCBEShEZLOLELLhBZ LS, BO
HOWRLBMYBREROKZ ELAEERBERDBZ LBDIS.

H—10&RT Ok, ZOBROME FHHBEMLEOBREALLLOTHS . ZO—NL, BRER
KEW (FRDLBYBRERBAEV) LHARBRERRKENILERLTVS. ThbOMEND, Bl
B AROBRLEBAZREORKE EZONVTHEET S . £, Run-1 LRun-20B5ERMA OB SV TTH
B8, ThfiRlze ke, BAESEWEHABTCORERRD T H2DIC, BHEQCERB/PEL RS,
ZORDBEROBRBMNELRY , WAZBRESPEI RS . RIZ, Run-1LRun-30BAHOR SOV
TEET 5. Ru-30ES, BA»LBRNCRATIERC, BOBOKRBICZ> THRIBREhS . %
TAKRBEDEBBHIZL > THESRIAF—BHBE S, BACHREENIBEDO=RAF —XL =0caDB
BREEARTHRYAEIRD . 2D, R30S RBARBENNELSRBFEETHSD . kL, &g
DB LDy — 2L bHBHRKE REAZHREL2->T, BOBOBRCEDZ Y EXRZVEI S IZBDNL
3. Zhid, AREBHORELONE TRRSNIRELOBERCRBWNT, FSEEAORBESNE VLB
A THERENEREINBEROBIZL > TEDRIAF—BRONATLEI DI, DEVEBROER
LRoTLESBOLBLDNS.

Kashiwai (1984) ik, TOWAKBRDA Y =XAEL /WE(R/W)20BHICLY, 35024 FRHEL
TW3. ZZRRIBOFA NS Y RAOEBCEMERLEMAFOLETEZEShTEY,

R=A/2S8h/mH (4)
THBH. T, SHEOCEHRK, HIZKE, hid¥ETHS . Kshimai OBHICLB L (R/W) 282, 14%

BRALBRNOBYRBRERO Y — 2L TEYEEh, (R/AW2RLUBTORAIL / WHOKE S
REVRATNE A TTHOBYPBRERBHERENZLLTWS ., ZOZ ik, HHHHBREBNT, b3
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RIZRun-EDFERIZOVWTEHT S . Run- OB HFE A RO A HIEMAREE L, Z2{ 0B ok TR
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ZIOBERBOBOESL=45cnk RoTWHWE DR, BOBTCORRBBRBEENTHROMB/NEL fo
T3 . ThiZb22b b, FHHFEHRMANEVOIR, BHHEY O—FRORBHREAEKZROELEIC
FELTWB b0 LBbhd . ThidEXRC L3REBBARICLDWAZROBETE (LM, 1982) &
RAURETHD. LEBoT, BEREBOBAROREBL - FRARBRETDIIORIRT S Lik, BAR
MERESREESEDB - LRERRFETHS .
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AFRIL, FHBROBAZREEZDCEBELT, BRLOBAP»LEAROTER LM NEL 2BV
ARNLT, BAROBRIBROERE HAZRORE EX OV TREBBEERICL > TRFELELOTHS .
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=25,

AL, KFEERBICL2WKZROBEERLICEREE/B LD, BARRIZRETHEBERKO
ERIFEECREVLZ2HIZOT, SRIBERD D VCVIZRRERIC L SNEBREL SR L AR
BETEOHRLEEETDTFETHLS .
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