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THE COUPLING EFFECT OF THE TIDAL AND THE CONSTANT
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Yoshio MURAMOTO and Hideaki KUNISHI

Synopsis

To clarify the water dispersion mechanism in a channel with a complicated coastal geo-
metry, some numerical experiments were made with a simple combination of the vortical flow
A and the oscillatory flow B (CVOF model). The parameters A and B are the nondimen-
sional intensities of these two types of flows which express the constant and the tidal flows in
the actual sea respectively. The followings are found. The coupling of two flows A and B
yields the water dispersion. The nondimensional dispersion coefficient D is proportional to
A2/B for smaller A/B and to A"B for larger A/B where n is about 2.47. The role of B is
like as that of the eddy diffusivity K in the coupling effect of A and K on the dispersion.

To examine CVOF model some hydraulic experiments were performed of dye dispersion
in a channel, which is partitioned into 6 blocks with narrow openings by water breaks
set (jetties) on both side walls alternately. The vortical flow is generated by the oscillatory
flow under the geometric effect of water breaks. It is found that CVOF model explains the
pattern and the intensity of dye dispersion in the case when the oscillatory flow B is large
enough and when the opening is narrow enough. The larger dispersion coefficient is
obtained for the narrower opening because of the coupling effect.
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o ANEEN,
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u*(x*, p*, t*¥)=g** sin k*¥x* cos I*y*+b* cos w*t*

v*(x¥, y*, 1¥)=—g*k* cos k*x* sin [*y* }

T, (% 9), b (u, 0) BOKTZERIEERE, HZl, REEAZRDL, * RREDSEHEERLTO S,
LOWBBRATO LS iIc@RTitinsb,

u(x, y, t)=A sin zx cos zy+2z B cos 2xt
. } ................................................... @)
v(x, y, t)=—A cos zx sin zy
2L,
x*=gx/k*, y*=gy/I*, t*=2rt/w*, } -
A=2a*k*1*/w*, B=0b*k*/re*

KEIERCBOMAR (= 1) OEHS 1 BTSN, XERORMS 1 chktdhic, BEREBO
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Fig. 1. Distribution of vortices assumed in the numerical model of combined
vortical and oscillatory flow (CVOF-Model)
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Table 1 Dispersion coefficient D, (K=0; Lagrangean CVOF-model)

D, A
0.2 0.4 0.6 0.8 1.0 2.0 3.0

0. 003125 0. 0008

0. 00625 0.0014

0.0125 0.0038

0.02 0.027

0.025 0. 0067

0.03 0.085
B | 0.05 0. 0167

0.1 0. 0028 0. 0041 0.016 0.028 0. 286 0.167

0.2 0. 0012 0. 0046 0.0085 0.022 0. 050 0.299 0. 453

0.3 0.0017 0. 0052 0.013 0. 024 0.052 0.965 0. 670

0.4 0.010 0. 0054 0.013 0. 020 0.036 0.274

0.5 0. 0005 0. 0047 0.011 0.017 0.032

1.0 0.029 0.077
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Table 2 Dispersion coefficient Dy (X=0.01; Eulerian CVOF-model)

D, A
0. 025 0.05 0.1 0.2 0.6 1.0
0. 001 0.0080 0.050
0.01 0. 0008 0. 0027 0. 0080 0.017 0.037 0. 050
0.1 0. 0007 0.0026 0. 0078 0.017 0.036 0. 052
B 0.25 0. 0006 0.0021 0. 0064
0.3 0.014 0.032 0. 052
0.5 0. 0001 0. 0006 0. 0024 0.0073 0. 022 0.033
1.0 0. 00005 0. 0003 0. 0009 0. 0038 0. 016 0. 025

ELTKD BNz, TTiC dt=n/A ZRK A OHDBEEL, B=0 OB TFHREE—ET20ICE
TEMMEEIZR-H LTS,

3T, BIHTRSREED A 2 B T T BEEEICDOVT, Dy 8 A2 iIKBiIdT 5 & RO B A&
WEHZIE D2 13 B icHBiL, B Askx{ 75 & D3 B icELTHRIT AT &2, HRITIE»THER
AR UBE TR0 CORRIFY TRV LS TH 5. HREHOERLERTT 20, AR
DB A 29545 —2itLT, B & D3, B & Dy OERERLIZOM, £hZh Fig.2, Fig.3 ThHs.
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Fig. 2. Relation between the dispersion coef-
ficient D, and the magnitude of the
oscillatory flow B (Eddy diffusivity
K = 0; Lagrangean CVOF-model).
Parameter A denotes the magnitude
of the vortical flow.

Fig. 3. Relation between the disper-
sion coefficient D; and B
(K=0.01; Eulerian CVOF-
Model).
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INSTNE BRI K IKHBIL, K BRETEOBRBREE K IGHslds & LT %, —F, Fig. 2
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Fig. 5. Relation between D,/B and A/B (K=0; Lagrangean CVOF-model).
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Fig. 6. Experimental apparatus

KRS8 Table 3 IRANTWV B, BRD 4 G 2Ah—vaviRbL,

TEHIN B, Reynolds i3, EX 24 — & UTKEDEW, BikidEEK v=0.0lcm/s RUFEE LT
HERWEE AR EORKE u=<V/THW -S) 2T,

RE(U) = U [y everersrssenrerunrumrersansinsiressssnsseesssansansanscscascasetsesssssessacssesanesssnnene 12

EEHEIND, BRIRBHOBIZRDTERIT/ AT 4 —4 T, ROXICEHESNTHEOB LFEUE®
Z2FDo

WAL, REHKO—ABZ 126 U TR OO THE L. B, KEICEIH 4 mm
DF5AF v 7 BO7 v~ ERHN, —EWRER 4 T3a-ERMEL, 2hERFLTT 7o B
% 4(k=1,2,3) itbdd | FEHO7 v~ OMBEEE (2, s ET5&, Bl L ickiF3 (P,
¥ TOFE W2, v?) BRATEZ ON5,

ufP= (2P —x(V) /241,
vfP= (yP—y®) /24t }

WM 4t BErundOFECIE U THEAL VBEERZR L THREL, .
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Run No. v T A u Re(u) A B D
(0%m® (s)  (em)  (em/s) (uW/v) (2[EFT/L) (a/2L)  (D*T/L?)
1-01 1.54 122.2 7.70 0.791 1580. 2.97 0.192 0.540
-1 0.121 120.4 0.598 0.0624 125. 0.206 0.0150 0.0141
1-12 0.400 121.6 2.00 0.207 413. 0.808 0.0379 0.0781
1-13 0.496 121.4 2.48 0.257 514. 1.13 0.0621 0.151
I-14 0.939 122.2 4.70 0.483 965. 1.92 0.117 0.183
1-15 1.26 122.2 6.30 0.647 1290. 2.64 0.157 0.142
1-16 1.86 122.2 9.30 0.956 1910. 3.46 0.232 0.378
1-17 2.17 122.2 10.9 1.12 2230. 3.75 0.272 0.365
1-21 1.56 60.2 7.82 1.63 3260. 3.41 0.196 0.243
1-22 1.57 79.8 7.85 1.24 2470. 3.45 0.196 0.264
1-23 1.56 99.6 7.78 0.980 1960. 3.00 0.194 0.256
1-24 1.56 140.3 7.78 0.696 1390. 2.66 0.194 0.262
1-25 1.56 160.7 7.70 0.602 1200. 2.88 0.192 0.169
I1-31 0.199 121.4 0.995 0.103 206. — 0.0249 0.0283
1-32 0.306 119.5 1.53 0.161 321. _ 0.0383 0.0477
I-01 0.975 122.8 4.88 0.249 499, 1.37 0.122 0.233
I-11 0.254 122.0 1.28 0.0660 132. 0.628 0.0320 0.0166
o-12 0.482 122.8 2.41 0.123 246. 2.39 0.0602 0.0314
o-13 1.45 122.1 7.26 0.374 747. 2.16 0.182 0.330
n-14 1.93 122.1 9.68 0.498 995. 2.91 0.242 0.378
I-15 2.9 121.6 14.6 0.756 1510. 4,72 0.366 0.549
n-16 3.81 121.8 19.2 0.992 1980. 5.88 0.481 0.714
n-21 0.960 79.8 4.78 0.376 752. 1.51 0.119 0.0167
I-22 0.975 140.7 4.88 0.218 435, 1.38 0.122 0.0398
nm-23 0.975 159.2 4.88 0.192 385. 1.28 0.122 0.180
n-24 0.960 203.4 4.85 0.151 301. 1.37 0.122 0.170
m-01 0.734 121.8 3.67 0.126 252. 0.243 0.0917 0.0167
Im-11 0.254 122.8 1.27 0.0432 86.5 0.143 0.0317 0.0136
m-12 0.365 121.9 1.83 0.0628 126. 0.268 0.0457 0.0113
m-13 1.09 121.6 5.49 0.189 378. 0.331 0.137 0.0392
im-14 1.45 120.7 7.31 0.253 507. 0.592 0.183 0.0424
1I-15 2.18 120.3 11.0 0.382 763. 0.700 0.275 0.104
mI-16 2.91 119.4 14.5 0.510 1020. 1.10 0.364 0.169
m-21 0.734 60.5 3.67 0.254 508. 0.304 0.0917 0.0222
m-22 0.734 80.0 3.67 0.192 384. 0.282 0.0917 0.0323
m-23 0.734 139.5 3.73 0.112 224, 0.301 0.0931 0.0236
m-24 0.734 159.7 3.71 0.0972 194. 0.350 0.0927 0.0298
Im-25 0.734 203.3 3.69 0.0759 152. 0.395 0.0922 0.0265
m-31 1.82 120.6 6.07 0.316 632. —_— 0.288 0.0558
Im-32 2.54 121.1 8.47 0.431 860. —_ 0.311 0.155
11-41 0.743 99.5 2.48 0.156 313. — 0.0929 0.0351
m-42 0.743 225.0 2.48 0.0695 139. _— 0.0933 0.0234

Table 3 Characteristics of the hydraulic experiments

RS TA VEBRERESAG DN, 0K SNIRREIMET ¥ LT —REPHIRESR
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VAo BROEEHESH T x v — EX BRATHA 6N,

1 %ﬁ (@2 ;03 ) reeerresamneranennncanien
288 S T

BRI, BROBKITERE A 3 EX ZROT
N 2 s o T R (16)

LEZ R, CHRBESWRD &S REABEEEMHE LTV ARICR, Hfi0A LR OZEDT.
THLLAORTEHRINS 4 13, BIRTEHEINDG A D—RILILIE->TW 3,

E*=

._.8._



KEE - ER - KK - WA - HF  BEOYESEERICEY 2k L EROHENRE (1) 533

LBERRABYHE L LTe —4 3 VB EREROTITbNc BINCKBOHRMATIC RS BAR N,
Z D%, WEBHREFNC—RLT 0% -7, BEE B0T2~3EDRAN Tbhi, BAR
Fig.6 IORTEBI LY, 870y 7294, 670 v7 DAHMATREICTONIZ. Je ¥l © BEE
34— —RAOEEE TS h, BAEEEAKEEROES LI T v v 7 BICEEINI. S8G
FReokiicLciohiry vy 2 VGBEOKEE L, S Routing Hick TR ohtc, ZOHE
FER—REOBRLEHER

,g,i__,_(j; %:D*% ................................................................................. an
Z, PIHICHEHEEDNE 5 cn C—RICBRAS NI LV ) £ TR E, B0 EBENS - ERSHE
BT BESic, U & D* ZRFHENCRDE END bDTH B, LT U RBREETIERN
{, BEELORERICHELSBEHEHET A7-DCBAZINIEDTH S, BONISREEK D* 12515
ERBRICRD X 5 IKERTCILE NS,

D=DA*T/LE wesveressenrerstoreneniantintinnte et sne st e b st bbb s b sre et r e e nennes 18)

i A LHBEEK D i3 Table 3 ITRINT A,

3.2 7||,3’R(0:ﬁ3_5‘§|§3

BEMROMROHIZ Fig. 7T 1IORT . KREESy —2OREJEMrUNCONT—7 o v 7 RO BRERETR
Ui b DI, KEIRIKEEIEDORSLL ED Case-1 & Case-Il K2 Clz—7 0 w7 It —[B5o0EK
PEEIN, BETE7 0y 7 CRRECHEAGEOBERMER SN, BHTR-728 REREFVTERE
INFHRCENSDHBRLND . —7, KEEMSEL Case-1II T, —2D 7oy s WicZ>0FL
& DEEERTAESERI NS ZOZ2ORFR run K k> THEA I #EE L TRI3 60055,
WIhicE & Case-1Il OBFBRBEFHEOEFVD D ED UBHEEEL TV D, 1 - RBHEF VTR
KEOFLEREL SN TH I »7cds, KEICRKHESEN Y —2DWREOHFHE « REHKEFVORE
AN EICEEELTEBL S,

WHEOLEC L B3R WWEER OMBICET 257t LTid, Yanagi? £ Oonishi® OFZE 43 &
b0 HODERTRVONILEFNOBRIEAFEL BRI > TN EY, ZOREICLS LBROFLES
T iov¥F —(3 Reynolds B UCRIFO & 5 15488455 5 & SN T B Reynolds ¥ds /NS WBECIZIE
WRAEEEORHEE LTERI NS . CORFRMBICELTR, BROERT X VE— EXEBROE
Bz k¥ — Lol E, (3 Reynolds o#ins & bicigind 5. Reynolds ¥itsdh 2B Lick & 75
3 &, CORFMIRIIHE LU TKESKIKIEDY, E, 13 Reynolds i (kLS5 (REEH). X

CASE I-14 CASE [-14 CASE M4

T YO e e e T A Ty R
L N IR Y L e & FCRNN Y P L R
LI A A I VY ] v’,"~~.\\\\‘ LI I A e
Vb e et LS B R ~\\ RN R T
4?!1,“\\“' si\\n,,,‘\ NPV IR Sy
kff!..\\\"' A‘Qﬁ\il;“\‘ ,'.,4n\\.;‘
’*\QA;‘. o .t!x\\\.,'\\ IR I £
~~\\~.,“*', .....\\\.,‘} {x-_.,.v.,f.
.\\\\,“:¥“ N . i b eaarsa
\‘\\\\-’,:" Py Y SR YN oL, , \\,',;‘<A,y,
NSNS, . Y YYNY N S oo . “\«,..444»»w
MR Rl S I LERTA I IA IR IR bt ctieed Ml

Fig. 7. Vortical flows observed in the hydraulic model.
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Fig. 8. Relation between the Reynolds number
Re(u) and the nondimensional kinetic
energy E (the hydraulic experiments).
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hydraulic experiments).
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Fig. 10 (a) Dye pattern observed in the hydraulic model (Run I—01).
(b) 7 7 7 (Run 1I-01).
(c) ” 7 y (Run III-01).
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Fig. 11. Dispersion of particles calculated in the Lagrangean CVOF-model.
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