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HYDRAULIC MODEL EXPERIMENT ON THE TIDAL CURRENT IN
MATSUKAWA-URA

By Haruo HicucHl and Masaaki Tsuj1

Synepsis

The flow pattern and diffusion phenomena due to the tidal current in a very shallow estuary
are studied through a hydraulic model experiment, for which the Matsukawa-Ura is used as the
prototype. The effect of density, wind and waves are not considered.

A distorted model with horizontal and vertical scales of 1/600 and 1/50 respectively, was con-
structed and a semidiurnal tide was provided for it. The flow pattern was investigated by tracing
many floats and the diffusion of dyed water by dye concentration analysis. The diffusivity reduced
through the mixing theory of tidal flushing by B. Arons and H. Stommel is 0. 8~1. 0 X105cm?/sec.
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Fig. 1 Bathymetric chart of Matsukawa-Ura. at the mouth of Matsukawa-Ura.
Tabel 1 Tidal constant in the prototype.
St. 1 St. 4 St. 5
H (cm) £ (%) H (cm) & (%) H (cm) £ (%)
M, 26. 41 127. 50 16. 67 162. 02 16. 07 179. 04
Sy 17. 36 150. 61 9.14 185.75 10.12 15.92 -
K, 18. 66 347.56 15.51 17.16 15. 54 24.53
0, 18.91 168. 61 12.98 181.70 13.74 186. 32
T.Remp
100 ~,  (1965.12.9~10)

Fig. 3 Tidal curtve in Matsukawa-
Ura. (prototype)
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Fig. 4 Ratio of amplitude H;/H, and phase Fig. 5 Time change of velocity of tidal current.
lag J versus distance. (prototype) (prototype)
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Fig. 6 Time change of chlorinity distribution. Fig. 7 Horizontal distribution of chlorinity.
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Lk Do INAEFKBEICET D, BEAETHY G5) Rk o THEI NS &) RHERKTHAIE
2, HENHEURRI L EELLbN S,
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n/Rl/b‘=1['\/g/(AD+1/E1nR/k’) .................................................................. (36)
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Table 2 Roughness coefficient and equivalent roughness of the model. X, =600
h,=124 cm n,=0.035 n,=0.040

hr nT
ko, (cm) Nm k’ (cm) Tim £’ (cm)
30 4.13 0. 394 0. 089 19.57 0.102 21.80
50 2.48 0. 554 0. 063 9.22 0.072 10. 48
80 1.55 0. 758 0. 046 4.27 0. 053 5.13
100 1.24 0. 879 0. 040 2.94 0. 046 3.50
124 1.00 1. 015 0. 034 1.93 0.039 2. 41

B0 ZOEPLOLNBEIIL, WD, MEITELZNEHYME F &, BEOFHKFE L LK
B hY, BRERLLTOBKYAIEWOT, Z0XH%£2H513, 22T, T0:s#HATEERZN
ZEWRRE D

Lic#oC, TITCRBEODATHEORDIIZ, LV KEWE 2522 LHFEINLEHFEANLIL
L, ATHEANCZOMBEAGLC, AUloFGERBT I EICLT, MEERY 1/50 &g Lo
%,=600, h,=50 & |24 0B D% Table 3 TR,

HEEHBIZE, B4 0EHOIALBEELTWEY, o035 bEWABOENCIE0ItonwTiE, #
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Table 3 Hydraulic factors in the prototype and the model.

Factor Scale Prototype Model
Distance 1/600 3.0 km 5.0 m
Water Depth 1/50 100 cm 2.0 cm
Tidal Range 1/50 150 cm 3.0 cm
Tidal Period 1/84.8 120 25™ 8m 47s
Velocity 1/7.07 20.0 cm/s 2.8 cm/s
Discharge 1/2.12x10% 1.0 m3/s 4.71 cm?/s
Diffusivity 1/4.2x103 10° cm?/s 2.4%x10 cm?/s

BT A2MUNEY Lo TENE, HHBEBITOWTIMHUMKRII2EE 26 Nb, LHEN K &
[LET ] %57 4 A vV a v doh b UKD IOHAICR

A, =220, 1= 2B, 17 3.7
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4. X B K =

4.1 & B ok #

K T-AEE 1/600, AEHMER 1/50 O3 )IIEER 0 8% % Photo. 1 1 & 1t Fig. 8 |27+, K% X, 54m
X1lm TH2, %4%), BEEENZVHBLE LTI LAY, FTREEBROBEREIOBEOHETRART4C
BT LMook T, ATHEL LTEM BB #20X°8) 2 HKENTHE DD, FH LM
o E Fig. 9-(a) TR BT 228 2Tk ->cob, Fig. 8 THBTRT LI 2EBLTE
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BRCEH £ 52 570, H54m FHW 1o’ 075 v 9y —RBEB AW (Fig. 88H).
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wic@E LTk, BAO P-28 55 P44 0 17 S8 L7 A8 4 I nT, BER 3mm BEOREA
Fo—rOFErRl, —ERBEORTHMEAFMZPIET S EITL > TRO. BROFRRER, #
KL CEDEERERHT & Y JRE Lo

5. R B B &

2 Tl LR, BINERSG 28KE, BEARBRTS500, ZITRIERBOLAEMIR
olce 7, AMMHBHREFEOBOHZEL LTCATHER >V, FROEHELBELOORRETR,
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PRAEERET 2, MWL UERICET MU TR L 0L, FELTE, BREHIET LR
BTk olo
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Fig. 9 Number of wire net used in the model
as the artificial roughness.
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Fig. 8 Model of Matsukawa-Ura.
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Fig. 10 Tidal curve for present state (2) and Fig. 11 Ratio of amplitude H;/H, and phase
dredged state (b). lag & versus distance.
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Unit: cm/sec

Fig. 13 Flow pattern for maximum ebb current (a) and flood current (b). (present state, H;=122cm)
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Fig. 15 Dye concentration versus distance. (present state, H,=74cm,
M.S.L.=D.L.+102cm)

Fig. 16 Horizontal distribution of dye concentration at low water (a) and
high water (b). (present state, H;=74 cm, M.S. L.=D. L.4-102 cm)
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Fig. 17 Dye concentration versus distance. (present state, H, =123 cm,

Fig. 18 Horizontal distribution of dye concentration at low water (a) and
high water (b). (present state, H,=123 cm, M.S.L.=D.L.+88 cm)
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Fig. 21 Flow pattern for maximum ebb current (a) and flood current (b).
(dredged state, H;=124 cm)
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Fig. 22 Effect of mean sea level on the ratio of amplitude H;/H; and phase
lag 4. (dredged state, H, =123 cm)
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Fig. 23 Dye concentration versus distance. (dredgde state, H; =74 cm,
M.S.L.=D.L.+102 cm)
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Fig. 24 Horizontal distribution of dye concentration at low water (a) and high
water (b). (dredged state, H;=74 cm, M.S.L.=D.L.4102 cm)
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Fig. 26 Horizontal distribution of dye concentration at low water (a) and high
water (b). (dredged state, H,=123 cm, M.S.L.=D.L.+88 cm)
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Fig. 27 Effect of amplitude on the ratio of amplitude H;/H,
and phase lag 0 at st. 6.
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velocity to surface velocity and relative
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