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Hydraulic Conditions to Density Currents in the Estuary
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Abstractl_Experimental studies on the density currents were made in order to investigate their hyd-
raulic conditions in the estuary. Interfacial forms in the flow direction became sharply with increasing
densimetric Froude number in the estuary which arrested saline wedge exists. Interfacial thicknesses
were almost constant in the open channel, while they abruptly increased out of channel and they also
decreased as overall Richardson number increases. Densimetric Froude number of river mouth showed
that it was not necessarily 1.0 and varies with the upper layer thickness. On the other hand, water level
there tended to increase with increasing relative densities. I1 is observed in the Sumjin River Estuary that

a strong density front has been formed between freshwater and ocean waters.
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Fig. 1. Outline of experimental apparatus.
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Table 1. Experimental conditions

Tk - FZE

Discharge, Relative Total Upper 'y Upper 'y Densimetric
Run Ql density depth, depth, Reynolds. Froude
(cm3/sec) diff., e hgg(cm) hyplcm) No.,Re, No.,Fd g
1 208 0.0201 20.0 3.1 1483 0.888
2 255 0.0079 20.0 5.0 1821 0.818
3 390 0.0083 20.3 6.0 2791 0.788
4 390 0.0175 20.1 5.0 2791 0.844
5 527 0.0180 20.1 6.5 3761 0.767
6 527 0.0277 20.1 5.3 3761 0.823
7 527 0.0181 17.5 5.8 3761 0.909
8 527 0.0277 17.6 5.2 3761 0.866
9 700 0.0148 20.2 6.9 4991 0.923
10 700 0.0281 20.2 6.1 4991 0.884
11 700 0.0183 17.6 6.9 4991 0.910
12 700 0.0278 17.6 5.9 4991 0.934
13 870 0.0178 20.3 8.1 6213 0.903
14 870 0.0278 20.2 6.6 6213 0.983
15 870 0.0180 17.6 7.5 6213 1.008
16 870 0.0276 17.7 6.8 6213 0.942
17 1007 0.0179 20.3 8.2 7191 1.024
18 1007 0.0278 20.3 7.2 7191 0.998
19 1007 0.0179 17.7 8.1 7191 1.043
20 1007 0.0277 17.7 7.2 7191 1.001
21 1212 0.0179 20.4 9.3 8657 1.029
22 1212 0.0277 20.4 8.2 8657 0.991
23 1212 0.0181 17.8 9.0 8657 1.066
24 1212 0.0278 17.8 8.0 8657 1.026
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Fig. 3. Nondimensional interface forms in the vicinity of
river mouth.
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Fig. 6. Nondimensional interfacial thickness variations in
flow direction.
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Fig. 8. Relationships between upper layer depth and densimetric Froude number at river mouth.
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Table 2. Experimental conditions

Discharge Q! Relative density Total depth, Upper I’y depth, Water rise,

Run (cm¥/sec) diff., € hoo (cm) hyo (cm) A7, (em)

1 390 0.0175 20.10 5.0 0.225
2 527 0.0180 20.10 6.45 0.25

3 527 0.0277 20.10 5.30 0.25

4 527 0.0181 17.50 5.75 0.20

5 527 0.0277 17.57 5.15 0.22

6 700 0.0178 20.15 6.90 0.30

7 700 0.0281 20.15 6.10 0.275

8 700 0.0183 17.60 6.90 0.25

9 700 0.0278 17.61 5.90 0.23
10 870 0.0178 20.25 8.10 0.325
11 870 0.0278 20.20 6.60 0.275
12 870 0.0180 17.60 7.50 0.2

13 870 0.0276 17.65 6.80 0.25
14 1007 0.0179 20.30 8.20 0.375
15 1007 0.0278 20.30 7.20 0.35
16 1007 0.0179 17.65 8.10 0.30
17 1007 0.0277 17.71 7.20 0.28
18 1212 0.0179 20.35 9.25 0.375
19 1212 0.0277 20.35 8.20 0.35
20 1212 0.0181 17.75 9.00 0.35
21 1212 0.0278 17.80 8.00 0.36
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weir

alsled, Zadl AW A4 parameter 2l Iwas-

akid ¢ (=RaFa?)st FARE 2@ ¢/ (=
Fu?) % dl7ol 8 812708 Vel & shte] pa-
rameter 24 A& 4 g,

Fig.9 of] w,g} hlo/hoo-q”] 4&74]%‘ "]‘E]“‘B_D]' o]

agozye yrb FAe, 433 SAE 3
St A%l gleh ol W, F3Eokek Rol @
FZo] i4Znt} BAeHo| AR o7 F 79
e AFY Aol AA ¢t golde, BT A5
o elAE BAAY 0 dEAS Y sl 94
A S, Dol dobxs, sl $eiz
Aol Ashzel Azagel o8} ARE Avlsn
b, zeid, AP shebg lelE S4AE
b A7) g, FF B% d7E 29,

1r

3.4 siRelol et oy
ol £AE AAY slEAdE Ate A
ol Qlol M E F-5-FAAR A o] =] ufFol of
+ F83% TAC)AuL, ol A=d AFAHA= F

Fig. 10. Outline map of river plume.

3 BlEd AAeld, rlKe Be-REel Sl
g Srale whgel #sid ohEc}, Table 2
of A¥=27+ Figl0el shi-fraol B3 Ni=E



T A
°
.05 [+] -1
g o o °c B
€t a ° ]
=5 Pe) (o]
< -OL - [} [0 ] a (@] =
o a0
L 8] h € 4
hoo 0178  .0277
03 200 o o |4
gi176 o o
o 2 1 A 2 2 N 1 ]
5000 Rey 10000

Fig. 11. Relationship between Re; and Apy/hyg.

0.025 £ hoo lem) T
O 0.0180 200
L O 0.0180 176 O
© 00277 200
O 00277 17.6
0.020- 0o ]
o @
S I & ]
< 0 g
'S 0015 .
< § 8
L D -
o 0
0.010} o n
0 i 1 L
0 5000 10000
Rey

Fig. 12. Relationship between Re; and Ahgg/hgg.

7tz e,

A, Rkl Wlolx o f-Eel A=
A A3l ele 2495 e, F U4E 9
TR 2Rt} shHE HE g9 -rrxﬂ7} w9l
Al S A7tsled o] wie] ltslgrtel tHdF 94
S8 Ape ZAECE bgAs Ze] "o,

P18 (h1+A7]1) '_—Pzghl
ufa}A (13
An= (p:— p))hi/p=eh,

Great
Sand Bank

Kwangyang
Hang

5

o Namhae

Myodo Sudo

‘ Observation
area

O~

Yosu Haeman

8
Q

127°50°E ‘{R)
1 1 | ] 1 -

Fig. 13. Oceanographical observation at fixed points.

%, 7]12 0}"—T"°ﬂ’(']“] /‘L F4A] he= Tl 3t
parameter + ANUEA} £ 7 7o 5L 7

3
2 Epais,

Figll € Am/host Rustel BAE vehic,
e7F Z 7ol A771/hloi AR A2 ot
Am/hot BE &8 % A3 goh, AL
FEFY o5 A 2R ¥ Rell 71lsh=

Aoz TLL%D} =3 Figl2+ T3k 37
ol 41¢] A9 Ahgo/heo® Ra¥tel BAE ebd
<dl, “‘25 Reynolds 4 R.,7} A&l whet 3}l
Aol AT Ahg/hees 79 AEBH o2 FU1RhE
BojFm, AHUEAL ¢ o] FHAG vlAE FF
£ Ao Aoz wriE),

3.5 s7olMel NETES BE
Fig.13& 198913 69 284 (47 24,3%) A%



ool gloi Aol MBI IEEGEM

Distance (km)

Depth(m)

30+

Fig. 14. Sigma-t distribution in flow direction.

oA AEAe old] 2 42, GE IF
ARG vERT, olF A&E EdE, Knudsen

tableol 93l F3d AU o AHEEE
Fig.14 ol vepbict,

o] Aol oJ5lm, SFEToAY AEL 1A}
o, AxzeozHe &1 3Pl ,]% 45
3749t 54T E E3lo] wixhe s okt U
F7} AFauteziE R4l 9 ol:_r.g,} aht,
St.5 (358 of 6kmAE]) Y oJFAlEe EF
% 934 St8(o]—-—1’-7-]E] 20km) F-Zo] 73 dx

;quo] zﬂxq_qo.] %)\

g ¥+ 9

4, &

2

Haeda) 717t B Aol el 42

2L Ausl= parameter & A¥H o2 AE3}
2, ognh 2L ARE A

(1) sFHEIAe A" E
Froude 47} 2% F3loiAH, °)':f"’a_ zZ 2
Aol A HH =2 e,

(2) &5+ %% T Richardson 54 fﬂ"’r°]
of, =3 dEFAe S WIEe Hewd
o] Be4E At

(3) 3F7<lA9 U= Froude &
U, AksSAlel o) w3kt

AEUE

= yheA] 18 o}

Sigma-

t(g/m?)

(4) 37l S5 A

7:16‘1:0 %lu].

AR BFolA e ERASZANE JoBE AL
stod, &, 8L FE, & '3}7‘1-%%“ ol o]
27 74A B8 R85 FAste] 2% olof gt

Bt AAE a4 e RS YT A&l

At At
2 a7 Faf g dikdrule A

Lol Sf3}e] ol Felziet,

HOEF

rok

Crapper, P.E. and Linden, P.F., 1974. The structure of
turbulent density interfaces, J. of Fluid Mechanics,
65: 45-63.

Dermissis, V. and Partheniades, E., 1985. Dominent shear
stresses in arrested saline wedges, J. of Waterway,
Port. Coastal and Ocean Eng., ASCE, 3(C4):
733-752.

Knauss, J.A., 1978. Introduction to physical oceangraphy,
Prentice-Hall Inc., 10-15.

Stommel, H. and Farmer, H.G., 1952. Abrupt change in
width in two layer open channel flow, J. of Marine
Research, Vol. 11, No. 2: 205-214.

BUKEEE, 1976, HeRFE)—EREEER L BRERR -,
(BK), R 528-569.

ARZET, 1979, REEINIZE T AEK ¢ x U 3

HATHRR



10 FXK - EER

HEEIATE, TARERTEES, 1357 1-255, T, 1984, REEEEMORSEESEY 08T 2%
FHAEAT, 1980, BEEWOACGE, HeBuEmER (Bk), F: 127 BEOIFGE, KERAE B TEH-LSisRST, K,
-149, HA : 1-104,

R, BRES, FEM—, FREA, 1802, WOBER BALREE, 1985, KHEARE, HH [ 57-62,

OHEPEHEL WK & 00 A0, LARERTE, SEMAR, 1986, TSR, Bfeibig (bk), B0 157-164,
327: 61-71.



