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Saline-wedge in a River
I. Internal Vortices

by Dr. Kyozo Suga

Synopsis :

Field phenomena of internal vortices were almost unknown. This paper describes the
new findings obtained from the results of field investigation and experimental study on
the internal vortices, which are classified as internal main vortex, internal channel
vortex and front vortex, and compose the key system of the motion of saline-wedge in
a river.

Key Words : Salt-wedge, Two Layer Flow, Stratified Flow, Density Current, Estuary
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115238 | £ 1 EE 3 1.0055| 1.0187| 0.0130 1.7 —0.09{ —0.193
2 4 1.0036 | 1.0154| 0.0116 1.5 0 0
3 3 1.0047 | 1.0180| 0.0131 1.5 0.29 0.661 | MEHHIHA
4 3 1.0024 | 1.0151| 0.0125 1.5 0.35 0.816 | MEHT
5 2 1.0017| 1.0175| 0.0155 1.6 0.08 0.162
115268 1 4 1.0046 | 1.0081| 0.0044 1.5 0.22 0.866 | MEDT
2 5 1.0033| 1.0106| 0.0073 1.7| —0.07| —0.576
3 4 1.0079 | 1.0137| 0.0057 1.4 0.20 0.715 | IEH:
4 4 1.0067 | 1.0129| 0.0051 2.7] 0.33 0.898 | IEF:
5
128 7H 1 2 1.0052 | 1.0159| 0.0105 2.7 0.58 1.100 | NE#
2 3 1.0096 | 1.0153| 0.0056 1.1] —0.07| —0.285
3 3 1.0073| 1.0178| 0.0103 3.0 0.51 0.927 | MEHE
4 3 1.0043| 1.0186| 0.0142 2.7 0.27 0.440 | IEFEARH
5 3 1.0043 | 1.0186| 0.0140 2.3| —0.04] —0.071
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II. Empirical Formulae
of Internal Friction and Entrainment

by Dr. Kyozo Suga, Akira Takahashi

Synopsis :

Empirical formulae of internal friction and entrainment are proposed as Eqgs. (17) and
(22), respectively, based on field and experimental studies of wide range of hydraulic
quantity. Current internal friction formula has been reviewed by these data, and
additional friction due to entrainment has been supplemented. These formulae are

" considered to be applicable to saline-wedgés both in an experimental channel and in an
estuary, which have well developed internal layer with various kinds of internal vortices.
Key Words : Salt-wedge, Two Layer Flow, Stratified Flow, Density Current, Estuary,
Internal Friction, Entrainment V'
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Saline-wedge in a River,

Ill. Some Notes on Numerical Calculation of
Two Layer Unsteady One-dimensional Flow

by Dr. Kyozo Suga

Synopsis :

Numerical calculation method of one dimensional stratified unsteady flow was
discussed. Entrainment and longitudinal changes of densities in the upper and the lower
layer have been taken into account in the simulation model. Implicit differential method
has been applied in the computation. Since the notable difference appeared in the result
of calculation due to the difference intervals 4x and 4 ¢, numerical experiment was
carried out, proposing the suitable relation between the intervals due to steepness of tidal
wave and Raynolds number. Agreeable computed resalt was obtained in the saline
intrusion phenomena during four days from the weak mixture to the end of moderate
mixing state in Nagara river, according to this method.

Key Words : Stratified Flow, Two Layer Flow, Numerical Calculation, Implicit
Method
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AT —NERC Lo THhIHATIIRZ > ERMNE
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LORETH 205, ZOLE Jdrfdt=0TH 3, B
CBOWTREARVERHICS T ELAEOME R
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Saline-wedge in a River,
IV. Field Condition of Saline-wedge
and the Shift of Mixing State

by Dr. Kyozo Suga

Synopsis :

Field phenomena of saline intrusion in an estuary are complex and the cause of
complexity has been investigated in this paper, clarifing some parts of dynamic motion
in actual saline phenomena. Main items which control the change of mixing condition
has been discussed through the 90 river data, after giving a difinition of three stages of
mixing conditions.

Unsteady characteristics of saline water in Nagara river have been studied in the
light of these main items, clarifing the general character of the shifting phenomena in
the mixing conditions. Rough estimation method has also been proposed as for the shift
of mixing conditions in an estuary. '

Key Words : Saline-wedge, Estuary, Mixing Condition
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£-4-3 RRJIBEAKHREFET (BEH494E) () Wgc () ARERRFHRE
KO (—0.6km) 81} 2 EHE

(R a b f g h i k 1 m n ) p q

BOW 1 9 6 14 17 11 15 3 12 16 8 4 13
B 9E17H | 11.1 10.6 11.21 ] 12.7 11.7 11.23 9.25 | 11.10] 11.26 | 10.12 9.28 | 11.15
A 1 8l 16D 20(5) 6 22(7) | 22(D) 8 9 25(10)] 11 26(11)] 12 30(15)

2 R 95.6m/s | 64.0 67.9 [100.4 62.7 86.3 95.6 | 41.8 | (74.0) | (93.0) | 230.7 36.7

BEH KT P 1.39 0.73 0.79 0.50 0.48 0.59 0.31 0.63 0.63 0.57 0.97 0.99 0.77
BB K fi I —0.85 | —0.76 —0.31 | —0.23 [ —0.59 [ —0.12 —0.45 0.09] —0.94] —1.10 [ —0.61 [ —0.42] =0.70
i 3 2.24 1.49 1.10 0.73 1.07 0.71 0.76 | 0.54 1.57 1.67 1.58 1.41 1.47

M EF R 7 10 10 10 12 13 13 15 14 13 13 7 12

B E T W o -1 5 7 9 8 12 11 14 9 8 6 4 7

B B 8 km| 5 3 1 4 1 2 1 5 5 7 3 5
P 9,841 76 1,553 2,670 2,720{ 4,004 7,336 8,627 2,2261 7,437 60| 5,601| 1,545
2 ko F 7 304 76 350 65! 1,128 860 68 9% | 1,175 158 14 429 747
! 0.031| 0.000 0.225) 0.024| 0.415] 0.210 0.009| 0.011| 0.528{ 0.021[ 0.233| 0.077| 0.483
St 571 8,217 5.438| 7.614| 5,101| 7,062 8,944 | 11,400 3,435| 4,191 1,779| 9,175| 4,369
s F 51 89 1,032 838 | 2,373| 1,135 255 491 | 1,664 488 | 1,351 3,673
! 0.090 | 0.011 0.190| 0.110| 0.465| 0.161 0.030| 0.043| 0.484| 0.116| 0.795| 0.096| 0.841
S r b 601 [ 12,279 11,522 | 11,795| 7,336| 8,409 9,179 | 12,583 6,269 | 5,391 | 4.629| 11,002 7.062
5 kn T 308 | 2,986 5,554 | 2,049| 2.072| 2,525 698 5821 3,997 | 1.,172| 2.738| 2,160 4,550
" 0.512 | 0.243 0.482| 0.174| 0.282| 0.300 0.076| 0.046| 0.638| 0.217| 0.591| 0.196| 0.644
10 km 1 55 70 65 213 13| 2,720 5,365 8,141 | 11,898 3,435| 3,687 1,147 92| 1,545
= R 75 64 129 13| 1,128 1,175 140 67 | 1,664 835 415 43 747
> i 4 1.071| 0.985 0.606 | 0.000| 0.415| 0.219 0.017| 0.048| 0.484| 0.226| 0.362| 0.467] 0.483
5l 9,841 | 9,372 9,450 | 7,200 8.475| 8.468 11,272 12,375 9,416| 8,610{ 7,199 3,333 8,538
b 304 411 1,863 1,088 | 3.680| 3.615 1,170 | 1,7621{ 5,846 3,011 | 3.687| 1.024| 5,966
0.031] 0.044 0.197| 0.151 0.434| 0.427 0.104| 0.142| 0.621| 0.350| 0.512| 0.307] 0.699
0.0kn 10,412 | 12,830 14,069 | 12,109 | 14,348 | 13,980 13,615 12,616 | 15,001 | 13,841 | 13,399 | 11,216 | 14,525
o 9,794 | 7,755 13,493| 3.676 | 7,799 | 11,524 2,780 | 5,826| 12,150 | 6,979 | 12,261 | 5,046 14,707
0.941| 0.605 0.959 | 0.304| 0.544| 0.824 0.204| 0.462| 0.810| 0.504] 0.915{ 0.450| 1.013
~3 Olm 11,587 | 11,134 13,830 | 14,308 | 14,039 | 14,499 14,808 | 13,093 | 15,110 | 15,090 | 13,971} 10,487 | 14,871
f 9,197 | 11,134 13,187 | 10,724 | 14,039 | 13,288 3,708 | 7,542 15,144 | 11,843 10,599 | 9,518 | 14,525
0.794 | 0.000 -0.954| 0.750| 0.000| 0.916 0.250 | 0.576 | 1.002| 0.785] 0.759| 0.908| 0.977
E —3.0k 11,587 | 15,736 14,069 | 14,308 | 15,204 | 14,696 15,178 | 13,667 | 15,110 | 15,090 | 13,971 | 12,109 | 14,871
E @ 3,217 9,317 13,734 | 13,159 | 10,769 | 13,534 13,350 | 13,093 | 11,252 | 5.888 11,131 11,699 | 11,796
0.278 | 0.592 0.976 | 0.920 | 0.708 | 0.921 0.880 | 0.958| 0.745| 0.390| 0.797| 0.966| 0.793
~1.0kn 10,202 | 15,557 13,662 | 14,049 | 15,510 | 14,369 14,374 | 12,967 | 15,077 | 14,397 | 13,670 | 11,404 | 14,871
M 1,281 7,478 12,988 | 12,444 | 13,928 13,179 13,587 | 12,548 | 10,907 | 7.445| 9.256| 6,655 | 12,066
0.126 | 0.481 0.951| 0.886| 0.898| 0.917 0.945| 0.968| 0.723| 0.517| 0.677| 0.584 | 0.811
1. 0km 10,091 | 16,387 14,237 | 13,159 | 14,718 | 14,099 14,278 | 12,935 15,245 | 12,914 | 12,820 | 11,002 14,556
e 601| 4,629 12,711 | 11,602 | 10,992 | 11,927 13,700 | 12,139 8.109| 4,758 | 6,514| 4,171} 9.111
0.060 | 0.282 L 0.893| 0.882] 0,747| 0,846 0,960 | 0.938| 0.532| 0.368| 0.508| 0.379] 0.626
3. 0km 10,521 | 13,797 13,248 | 12,661 | 13,774 | 12,883 13,567 | 12,457 | 14,517 | 11,866 | 11,559 { 9,175| 13,975
o 57| 6.348 11,258 | 11,261 | 11,812 | 10,829 13,133 ] 12,139 | 11,719 3.332| 2,827 1.743| 9,270
| 0.005| 0.460 0.850 | 0.889| 0.858 | 0.841 0.968| 0.974| 0.807| 0.281| 0.245{ 0.190| 0.663
5. Okm 9,841 9,372 10,987 | 9,621 8.475| 10,170 11,272 | 14,947 | 9.,416| 8,610 7,199| 5,601{ 10,913
) 56 165 9,450 7.200| 6,915| 8,029 10,660 | 12,375 | 3,311| 1,594 608 118 | 2,934
0.006 | 0.018 0.860 | 0.748 0.789 0.946 | 0.828| 0.352| 0.185( 0.084| 0.021| 0.269

[44%
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Dr. Kyozo Suga

The hydraulic aspects of saline-wedge intrusion into river channels were investi-
gated, through field survey and experimental observation. The major concluding
remarks are set forth in the following.

(a) The presence of large scale internal vortices, such as main, channel, and front
vortex, have been confirmed, and the characteristics of their movement have been

Saline-wedge in a River

- clarified.

(b) Practical formulas for the coefficients of internal friction and entrainment have
been proposed, which are composed of the Keulegan number, an additional friction
term by entrainment, and the internal Froude number, respectively. These are
applicable to a wide range of conditions.

(¢) A one dimensional, two-layer, unsteady flow model considering entrainment and
longitudinal density gradient in both layers has been developed, which is applicable
to conditions of weak and moderate mixing where the extent of saline water
intrusion is large.-

Key Words : Salt-wedge, Twe Layer Flow, Stratified Flow, Estuary, Mizing
Condition
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