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EXPERIMENTAL STUDIES ON THE TIDAL MIXING
IN SETO INLAND SEA (I)

By Takashkige SuctmoTo and Haruo HiGUCHI

Synopsis

The mechanism of the tidal mixing and its effect on the tidal flushing in Seto Inland Sea are
studied with use of a small hydraulic model, of which the horizontal and vertical scales are 1/100000
and 1/1000 respectively.

The tidal residual circulations near the straits and within the bays are most effective on the
horizontal mixing of large scale.

There are some regions, where the tidal residue is much smaller, in the midst of Hiuchi-Nada,
Iyo-Nada and so on, where the diffusion is so weak that the matter released in the Bisan-Seto Straits
hardly reach westwards beyond there.
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Fig. 1 Bathymetric chart of Seto Inland Sea.

Table 1 Tidal constant.

Constituent M, S, K, Oy
Station ) H(cm) (%) H(cm) \ x(°) H(cm) £(°) H(cm) £(%)
Tanabe 48.4 172.1 19.8 194.5 22.9 190.7 16.6 167.1
Komatsujima 42.7 180. 3 22.0 205.9 21.8 195.0 17.1 173.5
Wakayama 46. 2 186. 4 22.2 210.3 24.2 192. 4 18.0 171.7
Osaka 31.5 213.3 17.0 236.3 26.8 205. 6 19.2 181.2
Akashi 15.9 240. 3 9.3 236.6 23.6 216. 4 16.7 201.3
Himeji 31.1 315.8 8.7 313.4 28.2 226.0 20.8 202.3
Mizushima 99.3 328.3 34.9 358.6 3.1 235.9 23.0 209. 7
Niihama 107.1 319.6 30.1 355. 4 33.3 234.7 24.7 209. 7
Hashihama 108. 5 296. 4 41.9 327.0 32.2 222.7 23.9 200.7
Matsuyama 98.7 263. 4 42.2 290. 7 30.1 207. 4 22. 4 182.8
Kure 99.3 281.6 41.7 315.0 32.3 218.5 23.1 196. 1
Tokuyama 88.1 252.1 38.0 282.8 20.1 207. 4 20.8 186. 2
Ube 102. 2 258.9 46.0 287.3 29.9 214.5 23.2 189. 4
Sadamisaki 62.0 218.2 26.2 242.2 24.9 197.0 19.1 173.8
Saeki 44. 4 206. 8 19.1 230.6 22.8 202.7 15.9 182.9
Uwajima 58.5 207.1 24.8 232.1 25.0 194.1 18.7 174.8
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Tld 10~20 km, $BEECRBTIE A~ km BETH 2. AR T 2EHIEL) K LTk, %0
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Fig. 2 Amplitude and phase lag versus distance in Seto Inland Sea. (prototype)
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Prototype

Fig. 3 Schematic diagram of flow pattern. (prototype)

EROBE & BT 3 ERMHEORBME L 4%, SHITTE) I LHBETHS .

2.2 HERBOBE

1953 4¢7n > 10 4ERITH @, EIE 0~10m) OS50 3, 6, 9, 12 HiT 1} 2K TsH i & Fig. 4 1TRTV0
BUCE 3 &, PREORARYLHICKBTIES, BHTHC. ZOMME LTH, BXRIETBIAEL,
% ORER IR OB BUTH T 2 7)1 R 0 AR~ TRE <, % 2RHAH OBFE B BBk
WATNS icd, SEEL OBKRHAEHNITT DTS LBDN 5. 58, BOWHY, KiE #i
L, TRIAT BI04 KR ¢ Table 212, WkoOKX % & &A% Table 3 Ry 99,

Table 2 Geographical factors (1).

. Mean water Volume of Rate of
Bay or Strait Area (km?) depth* (m) sea water (km?) river flow (X10°m3/yr)

Kii St. (1550. —) (42. 0) (65.1—) 9434
Osaka Bay 1529. 34 27.5 41. 80 12204
Harima Nada 3425. 90 25.6 88.71 9625
Bisan Seto 916.38 13.9 12.73 3456
Total 7422, — 28.1 208. 4 34719
Bingo Nada
(Hiuchi Nada) 1906. 44 18.6 35.59 2697
Geiyo St. 622,18 27.1 16. 88 0
Aki Nada 574.07 36.1 20.77 1103
Hiroshima Bay 1058. 02 23.9 25. 30 5943
Iyo Nada 3498. 98 56. 1 196. 52 1551
Beppu Bay 475. 25 36.1 17.13 1501
Suo Nada 3100.71 23.7 73.63 6725
Bungo St. (3000. —) (68. 0) (204. —) 3135
Total 14236. — | 41.4 \ 589. 82 ] 22655
Sum Total 21658, — \ 36.9 798. 22 1 57374

* Depth beneath the datum level of hydrographic chart

— 4 —
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Fig. 4 Distribution of chlorinity of surface layer in March (a), June (b),
September (c), and December (d).
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Table 3 Geographical factors (2).

Maximum velocity of
. . Mean water | Minimum cross- tidal current (knot)
Straits Width (km) depth* (m) | sectional area (km?)

flood ebb
Tomogashima Suido 5. 55 55.9 0. 3108 3.5 3.3
Naruto St. 1.48 16. 8 0. 0248 9.8 10.2
Muya St. 0.25 6.9 0. 0017 3.0 3.7
Akashi St. 4.00 50.0 0. 2000 7.0 5.4
Central part of Bisan 6. 46 339 0. 2147 3.3 2.9

Seto . X . X 2
Kurushima St. 2.58 43.9 0.1263 10. 2 8.1
Hayatomo Seto 0. 64 13.6 0. 0087 8.3 7.9
Hoyo St. 12. 40 91.5 1.1134 5.9 4.9

* Depth beneath the datum level of hydrographic chart
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Fig. 5 Distribution of water temperature of surface layer in January (a) and August (b).

Table 4 Hydraulic factors.

Factor Scale Prototype Model
Distance 1/100 000 500 km 5m
Water Depth 1/1 000 30 m 3 cm
Tidal Range 1/1000 1m 1 mm
Tidal Period 1/3162 12h 25 m 14. 1 sec
Velocity 1/31.6 73 cm/sec 2 cm/sec
Discharge 1/31.6x 108 31. 6 m?/sec 0.01 cc/sec
Horizontal Diffusivity K, 1/31.6 x10° 7.3X10* cm?/sec 0.02 cm?/sec
Vertical Diffusivity K, 1/316 7.3 cm?/sec 0. 02 cm?/sec

W, HEBRATE OB & O FEREH b KBB4 ITIE 4 5 B (Residual local circulation) H337fc
WZOTRZVWHEZBZLT, ITNOPHKE « RBITKIZTHIRERITT 2 0IOKBEHERVERTH S &

E2ITOTH b,

EBE, KFEHER 1/100000, gEHR 1/1000 ¢, =2 g o Froude ME % H T HlHIC & 5 %3
WNOKFERE, &L CERAEMOEKZRICEH LTITE > o
BRI % Table 4 |7, #E K% Fig. 6 1, HH % Photo. 1 TR+, BB TRHHEE, ET#
Boob, LAWNSERBRER LT ~B0F 7Yy —REBBRTEHWERIL, BHAEHT2OD
KEEIZHT T, B - BREBKREPL OV EE LT, 37, KBOKELEIMEOR I v — 7 3 X UAIER
OMBEEHRML T, KFEKE, BRKEXITIMPOMUMERRTBRI . D&, BEBRORELH
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Photo. 1 Model of Seto Inland Sea.

arati Tide Reservoir
Sep Plo?g Generator
Olo) © Fig. 6 Schematic diagram of experimental facilities.

37T, EEMICE TR, WAKK, A7EKE WEEEOWHEZ 2/3 FEIE/NL, HENOH
EOBFE TR I L. HRTEM, M¥losrEz, Fig.6 o @~ @ ofil &=k
LD KREEBIRE Lizo HiliE, 3B5mm b2 5L 16mm Y3 h 45 2BACREBKHH1T% - TRD
Troo FAECIRERE Smm, BX S5mm o L¢3 € BoMEE i, EHICEFOEROAETH
NRBIHI, TMOBMTAKBICHER TR LT, RIUTEIRETENT &2 LT 23, ERTHEA
NHEBRE X %d 5 T,

PEERE LT, 9, AB#R X ORI, &K 7T 0.01 ce/sec (HETIE 31.6 m¥/sec) @
HET, AF VYN —OBREEMGEIITHEA L, RPKORHE, HRBIREBEHES 2L L3I, WERE
XiThoteo DEI, KM, MHEH, KM, KEESCRE 1g/100 0oy s = vBiEER LS TR
AL, il BRI EHEND E LT, 1EBR LT 2EBD, BEOKENMM LR, LBHEALR
Lk E%E Fig. T 1TRT. 372 Ci~Cy Mg T, 25cycle (#4913 A) T & IGEBERKETE > o
WER7.0mm OB 7 2EICL>T, EFIChsX51T8KL, HEHICEBRLEFIRIY, ZoBELH
£ Lo
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Fig. 7 Distribution of sampling stations in the model.
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Fig. 8 Amplitude and phase lag versus Photo. 2 Record of sea level in the model.

distance. (model)
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Fig. 9 Tidal locus in the model.

Fig. 10 Distribution of residual circulation. (model)
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FELUIRRERE, RTEBKEZ# > TRKRERE DD OIS,

(d) ELEBAKBIFEOCEALLCSS

Bt 29, BROLBHEERIZIEAN S, 20—HREFBEF > CETHEESMERES 2, K
BAREEERREYEFLCBREILESICGEL-0b, BiFHEMTICHE « 8T 5. 2 o,
T X IR PEE, R ICRRERD O KRB A E > TREITH - TW A, FTFRIEHMILOER
BROTDIT, 2R L DBEIRRERD T v,

X, RIGRN &) ARBloml « SLBIZEL > THBSBSOBERREITE 2> TW . i
& (5t. C,~Cy) 0 BEDBNEN &~ DELITOWT, Fig.11 a~c TFR7. oML, BERE
AEDOEL B LBEREFICETNTYW L Odbh b, RAHPLHMNLHOSMETCR 2ERTIBED L
HBRBNDILEoTnEV.

YRt ABARAS, 1ERPLU2EHOBEM R, Fig. 12a~h (TR, LR LARBEREMEE L
T, NEROSHEOERE, WARKOKEIXHALZTAEEL 20w, FERTRIT.> ThEn,

{Model) 3

Bisan Seto E wirosnima Bay
Takahashi R. [ onR
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Fig. 11 Time change of dye concentration from a point source at Bisan Seto (left),
Harima Nada (center), and Hiroshima Bay (right).
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2 Years

Fig. 12a-d Horizontal distribution of the concentration of dye discharged from Osaka Bay
(2, b) and Harima Nada (c, d), after one (a, c) and two years (b, d).
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2 Years

Fig. 12 e-h Horizontal distribution of the concentration of dye discharged from Bisan
Seto (e, f) and Hiroshima Bay (g, h), after one (e, g) and two years (f, h).
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WANBEEOMFIESSY, FL LUTHEBORE L, BRMEO REERE (wake) 12X > X Zh
TWAHZ EBPLDI AN, FERNICHELZBRIKBTITEI T LITLT, T THET, HNBHED
B L BB TR B KRR 1/100000 ok BER OB IO W TR Lic LT, BEEMHHEAIZH
DHK LY RSOER, BUBROEMSM, L UBRKNELLHEAT ZHWE @ flushing [TRITTHE
RONWTEET bo 7, KEABMER W THEOEBBR LK 2 RILHIZRS Z LBk >WTE
~bo

5.1 #ROMELIHE

—RICHBPEOZE L F R, MBOMD RV LHROBMEITE > TRE S L2 H, WMPENEL 1R
DK ER LG, WERERPTOKFHEEEEER HON) CoXBEr—HEITLT LTI
THUBERHBZEINETHAH I T, KBOOEERERLIBAEITZ, KOO volume & tidal prism
DRESLLIVNMBRABRE T B IThid L vo RBT oMK FHEBRBHLESBRER, BLL {KRED
BELZTTTCRELERL, —EHEELZIOTREVYE, RRIEFPWTR, kEZEREQEHIFHVE
BT22L5 RBHEASBREYMY 235 >T, HRELT, HEEHZ -RBAEHE, BR
L ESbENE L v, ITNHL DMK, WD 2 N EEGESERSROEEKER* T A > TRDBLIED
T&bo RODBEHMEZNBOTHEREDL, ZhooHUEHICL > THEMEMUIHERINLGLELLN D,

AERE, BWREOBE LI LB LIOHNITL TSR, MK - BIRo I FENUENEE, B
WRBT OB (MELRILB R+ 83 1H shear [TPE% 5 AEA BB KET 2 HEEHBEREN S,
TIENEEUSMEE L <, Froude Ho—HLBEBEHRO—HBITONE, AERTEIEEDHRE L4
AETEATEH LT, MBOLH I, BHRNTE 283 BEIENMN 2 LRI > TZ0METH>TnED
b, BEMEOWNN, BRIEHIN T WEEND .

BWEUTEH T 5 /KF Reynolds 3 Re=Ul/v (#z#2L U, ! HEhFh#lgmIcEz 5 KEFOTERES &
UERGEERE, » KOS TFERMZEETH 0.01 cm?/sec) X 10 BETH 200, HBEMAEXRITEE
WRBITIE V. KPICETIER (75 20dbwiiAFLrror—) OSTHERH, Ko FEIESE
BE L RAEEQO.0lem?fsec) k£ % 2L, THAFERITHE ] B4, K,=0.01x10y1000=3.2, K,=0.01
x10°%/1000=3.2Xx10* OoBEITk 5, FHBICHIT 5 MK E S ALEREEBEEEHRICE > TR% 52,
K. 3 KA oBRED, 20l K TownTlIIDILKREVWEELOND, BEITIREEINEL,
BN 220, ZOZEEHEBLTVWERLMNE W,

RESCBERICET 2 ERNAZBRVSBETH 28, BEVXTFERVARTWOT, BEAREREZTEL
Vo EBHMITIR 2 — v BIIBEILBERINTNL ENVL S, L2, Fig. 5 & Fig. 10 %~
5ol FRHOGEREBEEOEHRENL (AL TNE, wake LBf% L7 Reynolds ¥ Re=Ud/v
(A HBOBERIZHYT2REEX) &, U=1~2kt, d=10~20km & L 7c#4, #HBCH 3000 BETH
2O TEWIRBD wake WEELS 2L Bbh b,

WEOEWICRIZT 2 )4 ) HOBBEEABSBZLE ~ b Tn 5D, RES—HIZEDIRNEREORK
L TRPZYVHEBL TINS5, #HEOBRKOKREIXANIOOR, KEITHRELLEL
Td, ZOHEIBITRE » HR% EITET 2 NENERFESROMETDH 5,

AROoEROHMNE, RRLLERMWICHIAL, BESCHRMLERITRDLIETAELT, »4~r%
HHL, XREFOEBVESMLELISI ET330THs0T, 1/100000 p#EETH BHIKIZE> Twnb
tEgLDND,

5.2 BROAHHFE « IMEICRIZTITHR
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