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ON THE HYDRAULIC MODEL EXPERIMENT ON THE
DIFFUSION DUE TO THE TIDAL CURRENT

By Haruo HicucHI and Takashige SUGIMOTO

Synopsis

The diffusion phenomena due to the tidal current in the shallow broad estuary are
here studied in a hydraulic model experiment, for which Ariake Bay in the Omuta area
of Kyushu, was used as the prototype. Only the tidal current is taken into account, the
effect of the other factors, the ocean current, density stratification, the wind, waves, and
so on, which may influence the diffusion in the estuary, is not considered.

A model of the northern half of Ariake Bay, with a horizontal and vertical scale of
1/2000 and 1/200 respectivery, was constructed, and a semidiurnal tide generated by an
automatically controlled pneumatic tide generator was provided for it. The water level
at 5 stations, the current ellipses at 4 stations and the flow pattern were measured and
compared with those in the prototype. The diffusion from an instantaneous point source
and a continuous point source was investigated mainly by photographic method.

Experiments have shown that the tide and the tidal current are accurately reproduced
in the model. And the diffusion coefficient evaluated through the mixing of the water
from Chikugo River with the sea water is almost the same as in the pro'totype. How-
ever, the diffusion coefficient evaluated through the rate of increase of the dye patch is
about 1/3 of that in the prototype. This may be due to the difference between the flow
in the model and that in the prototype, the former belonging to the perfect turbulent
regime and the latter to the transient regime. The diffusion coefficient in the model at
a future stage, in which two areas of reclaimed land are presented, becomes a little
larger than that at the present stage. The diffusion from a continuous point source at

the mouth of Omuta River is also compared with the prototype.
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Fig. 1 Bathygraphic chart of the Ariake Bay
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Table 1 Tidal constant in the prototype

Constituent M Sz K, (o] Period
Station H(cm) k() H(em) k(°) | H(cm) k(°) H(cm) Ek(°) (Month)
Tomioka 9% 230 43 252 27 208 20 190 1
Kuchinotsu 104 253 41 290 28 216 21 192 4
Misumi 125 254 52 295 26 220 19 201 4
Shimabara 147 258 56 299 25 219 20 204 4
Takezakijima 158 259 69 299 29 220 22 203 1
Miike 159 259 69 299 27 219 21 198 4
Suminoe 172 267 75 306 27 221 22 205 1
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Fig. 4 Flow pattern in the Omuta area at maximum in the

ebb (a) and at high water (b)
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Fig. 5 Salinity distribution along the ex- ikugo River (prototype)

tention line of Chikugo River

Table 2 Discharge from Chikugo River D, Flushing Number F, and Mixing
Coefficient B at high tide in spring tide

1962 1963
Data Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Mean
2 19 19 — 16 14 16 28 13 18 27 2
D(m?/sec) 40 80 100 360 150 100 100 70 50 8 65 67 105
F 0.04 0.05 0.08 0.30 0.08 0.05 0.10 0.08 0.03 0.08 0.03 0.05 | 0.08
B 0.06 0.09 0.07 0.07 0.11 0.11 0.06 0.05 0.10 0.06 0.12 0.08 | 0.08
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Fig. 7 Sketch of the change of the area of dye patch from
instantaneous point sources (prototype)
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Fig. 8 Time change of the area of dye patch from
instantaneous point sources (prototype)
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radious of the dye patch (prototype)
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Table 3 Hydraulic factors in the prototype and the model

Scale Prototype Model
Distance 1/2000 20 km 10 m
Water depth 1/200 10m 5¢cm
Tidal range 1/200 5m 2.5¢cm
Tidal period 1/141 12h 25m 5m 17 sec
Current velocity 1/14.1 1kt 3.53 cm/sec
Discharge 1/5.666 x 108 105m?®/day 0. 206 cm?®/sec
Diffusion coefficient 1/2.8x10* 2.8 x 10¢cm?/sec 1 cm2/sec

4 R B R =

KRB SR RFTFR KRR OYERER] 0 BEVER ©filn o 1o, FRRENT, BEUKRE, g »
JUFRIEB L VR - TV 5,

(1) #® & Kk W

R Tl ~7c & 5 e Fig. 11 KR4X 57, BEEEMIIZESELI 2 STk MR 1/2000, $HEM
R 1/200 oBBEOBER % E -t (Photo. 1), #EZ =2V 7V — F v v 7 CHERIF) ZORIIT A
7 7 A PBIREBL CRKEEE, TOPCiEmHy s 2 A CfFD, RIBHEFL L, BECIL, f
RUEDOREC T 51cd0+FER%Y 1m MR-,

(H) 8 88 8B

BRI 52 20, KIEXRBEgYAG, chid, 18 20m, BX 2m, BT 2m OBEE,
7.5HP oA —v 7 ry—~, ¢ 100mm OESIEFHEHER, *IOHBHMRE (Bikre RAmERs
B IOKMEBIED 2BM->T0 %, SO XD, AERTIL, #2 1.5~25cm, BE5 317070
MR E 21,



352 AP KBRS0 (1H.42. 3)

Measuring
Center

Control
Room

Pneumatic Tide Generator

Fig. 11 Model of the Ariake Bay
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Table 4 Harmonic constant of the tide in the model (Run 29)

Station @ ® @ ® ®
H,(cm) 1.13 1.13 1.24 1.26 1.34
H»/H,! 1.00 1.00 1.10 1.12 1.19
Hy(cm) 0.03 0.03 0.05 0.06 0.08
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Fig. 22 Time change of the concentration of dye from
a continuous point source
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