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Experimental study on the unsteady characteristics

of tidal estuary flow

Hajime Kato*, Tsuyoshi Managa** and Nobuo MiMURA*

Abstract—Experiments of tidal estuary flow of various mixing type including nearly well mixed type were
carried out using a small scale tidal flume apparatus. Both time and spatial variations of salinity and current velocity
have been measured elaborately by producing sinusoidal tide many times under the identical conditions. Then the
features of the variation of velocity and salinity profiles were examined for each mixing state.

In the cases of partially mixed or well mixed type, the depth-mean velocities were found to be in good agreement
with the computed velocities obtained from a numerical model with neglect of vertical stratification. In order to
investigate the salt transport mechanism the velocity and salinity data were analized by dividing them into four
components, respectively. It was confirmed that the dominant component of the salt transport flux is a so-called
gravitational circulation term in the case of rather weakly mixed type, while it is a shear-diffusion term in the case
of nearly well mixed type.

For the check of the dynamical condition at the river mouth, the variation of the densimetric Froude number F;,
was examined. It was found that the section where F,;=1 moved considerably with the phase of the tide and that it
entered into the river at the time of the maximum ebb current. This suggests that the river mouth coudition cannot

be set up in a simple form.

| g ApE KezElilicRoh, HEHACEES—REL, E

: & LUTKFERMIZOAEEANENTET 2, BREGE
FIWPERIC & o THI AR IEEEE IBAL, W B2 OhENE b 0T, KERUHE O H I EE
NAKLRET 2HSFHOSERFERTHWS, & HENFET %, EBEOBEM/IIcB T, WO
OB T Stommel VOIRELIRE, —BI2F - & - iR & DOFEHE, B, Wiz, ANIRES e L - GREAF
SEAELTHERIN TV BESERT LT, BRIz LTw3ZEBMeNT 5,
Wy o/NERFINCR SRS DT, HEAREYKDD EFREE 3 EEGIWREOFFESEIC DWW T
FDEAETICEBREL Y, kG bwaEA BRSSP SHRALE L, TONENEECDWTY
CBVREERLTCHANNCEAT 3, MBARMEHY O  »hh XLIEHshTws, Bib, MOMTTHERY

s FRIFA S LA RR TR R (H SL T R paR AT
Department of Civil Engineering, Faculty of Engineering, Ibaraki University, Hitachi 316, Japan
* ok R RSB LA IR BHE R T B (H sz TR s R ET)
Graduate Student, Department of Civil Engineering, Faculty of Engineering, Ibaraki University, Hitachi 316,
Japan

213



214 B3 yNC M S RTE

N—FNEB 1 ERBIERHS>NTEBDY, Thi
- 723EAR S S TR OFEE VLS N TV DY,

—77, - WIBATEI DWW ORFYEIHESR, Ippen® 5
DRBIKEE 2 - 7o ZERFILIS, FE L TBMEBH
Fe F B TITbN T3S, ERNTORFEFE LT
X, FHEROOEIED T — & O, BB »TiE
Fischer” DB# ¥ —% % & &2 L 7=fih OBEW A M
W33 B IRECe A AR I B T B BT SEE O i <
DOHDH B, FOHEIDHEIDEL v, F/HEET
%, Oey®® Murakami?Z3Z N EFN 505 {HES
i o TR C OFED TN D FTFERIEE 2 5.4 T
3, ZORRICHFER, BICERICI 2 b D0MRDEL,

B S ITNOEESERIC R 5 1201 F DJTENRE
BB B £ TICRE S TRy, EEBREIHRD
HODFEHSORIERHL T b X o, MEEER
EECHESORNERIT I L RER - TH B
PO ELEZOND AT ELLOBHEEREE 2T,
R OLTREML o/ NRIERBRIEE 2 BT, EEE
RERRE N A - SREFIGE WA OEE R e F4
&%, ZOWHEE - BESOEE PES MR EFE E 8
MPRELEIETHHDTHD, B, HHT—5 Ok
CEBIKBEHBOBRRKRZO S DERT O TRV,

EREICB T AR EPELLFBE RS, FODT
b, HKOGHEELWY OFERME, MOOEREFT
LEEL, RERATRCBT AHHE - E5EE - ¥
MERFMCEE L, ZLT, ThoD7—F%b
Lz, BREBEERL WY OHBEOFEE L O
Hg, WNE 7 v— FEOBEK X M O54 OmE,

BB DR 21T 5 72,

2. RBRFE

2.1 SEBREE
AW ERER -1 ORI TRT L5
W2, EEKE: (B8 0, ME15em X & &610cm X & &
310cm) & ¥EERFEAR (§2 mx&E& 2 m), #BWHE
ERE, TR s nEKEAE (YR EUE
AR Do s, MY OFER, BRI IIEDS
AKE & WY UK AR & O THEAE R > 72
FoTHASYE, MR L BICR2EREREE
MM 2KERPA— NN~ u—BIC VAT 2
WCEDITd, D08V avs s DA EHRETE R
FIRALT, KMEBSEREREERZ XS C=—FAw
TORERUA —N—7 0 —BOFTE 2T 5 2
SRk THIWRFEE Y, JHIZ X5 T, KEES

(1989)

BT BAMEDBEES 5 4 7L R LT
TH 1 mmUARCBEDEILEBTER BonilH
WEHO—F 2 -2 R LT,

F—r-7 0

ORI MR
ARUR " 300
]
{ , T
] |
tele- Wt A

EE EELES
I 1:1:=g3

“‘} B 150

smus ARG~
+

05y
=

200 350

06002
T

[ofe 04
D ERESMALT

2000 6100 W mm 400 1040 390

Fig. 1 A sketch of the experimental equipment.
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Fig. 2 An example of measured and objective tide
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Table 2 RMS values of velocity fluctuations.

F—ZX% | Qa (cn3/s) Q:"/Qe’
R~-1 153 17.3
R-2 115 13.0
R-3 135 5.3
S—-1 28 3.2
S—-2 73 2.9
ti—_T/Z Case R-2

o: 3rd cycle |
a: 7th cycle
x: 11th oxcle

X=-40(cm)

(A) 2°=19.9(cm®/s)

t=1/2

% ~.
] 5 | %%
b
~
X
2 pol
o: 3rd cycle
a: Jth cycle
x:11th gcle | X=-40fem

(B) @°=115 (cm3/s)

Fig. 3 Time variation of salinity profiles for differ-
ent supplying rate of salt water.
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Fig. 4 Examples of current velocities measured
by using a hot-film anemometer
(x=40cm, z=2cm).
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Table 3 Optimum supplying rate of salt water.
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Time variation of current verocity profiles
and the depth of interface over a tidal cycle
(x=40cm).

Fig. 7
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Fig. 8 Time variation of densimetric Froude
number over a tidal cycle.
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Fig. 9 Comparison of the computed and measured
sectional mean velocities.
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Table 4 Each term of salt transport flux.
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Fig.10 Variation of the rate of salt transport by
advective diffusion vs. stratification index.
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