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STUDIES ON THE TURBID WATER FLOWS IN STRATIFIED
RESERVOIRS (3)

—FLOW PATTERN AND MIXING PROCESS—
By Kazuo Asmipa and Shinji EcasHira

Synopsis

Some experiments were carried out to develop the flow pattern and the mixing process
in upper layer and middle layer flows under various hydraulic conditions.

It was clarified that the velocity and temperature profiles in upper layer flow condit-
ions could be represented by a well known log linear or log law like as those of wind
field near the ground. It was found that the boundary layer of water temperature deve-
loped in main flow direction as on a solid wall.

Concerning the middle layer flows, many interesting phenomina were found as follows.
Main flow region is formed between the main thermocline and the sub-thermocline
near the free surface except near the upstream and downstream end of the experimental
channel. The maximum velocity is occurred at just a half point of middle layer zone
where the mixing is more active than in other region, and the velocity profile is
analogous to Gaussian curve decided by the depth of the midde layer. Moreover, the
mixing process of the sub-thermocline region is considered from a conceptual model.
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Table 1. Experimental series on reservoir hydraulics.

Exp. No Experiments

Publications

1-1~1-13 | Characteristics of turbidity

currents in uniform flow

Proc. Of JSCE, No. 237 (1975)

2-1~2-7 | Influences of roughness element

on turbidity currents

3-1~3-10 | Conditions of turbidity
current formation

Proc. 29th Annual Meeting
of JSCE, (1974)

4-1~4~6 | Turbulent entrainment and
turbid substance behavior

D.P.R.IL Annuals No. 18B (1975)

5-1~5-9 Convected diffusion
of turbid substance

Unpublished

6-1~6-5 Turbid substance behavior

7-1~7-6 | Velocity distribution in upper_layer
flow (preriminary experiments)

DP.R.I Annuals No.19B (1976)

8-1~8-8 | Velocity distribution
‘in upper layer flow

D.P.R.I. Annuals No. 20B (1977)

8-9~8-14 | Velocity distribution
in middle layer flow

(except some cases of Exp. 8-series)

9-1~9-4 | Vertical diffusion
in upper layer flow

Proc. 21th conf.
on Hydraulics (1977)
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Fig.2. The sketch of a flowing plate
for the velocity measurement.

Table 2. The experimental conditions
of upper layer flow.

lf\llxp. Q | Hxwt9m T; Ts
Ol ¥s| (em) (C) ()
8-1|1.68| 35.60 29~30 17.9
8-211.19| 3524 | 28 5~29 17.7
8-312.39) 36.90 | 29.5~29.8 | 17.3
8-4|1.10| 35.03|29.2~29.5|17.6
8-5|2.95| 36.59 | 29.8~30.0| 17.3
n | 3.85| 37.42 " "

Table 3. The experimental conditions of middle layer flow.

Exp. No Q Hx-sm T; Ts Ts Zs
{@/s) (cm) () () (<) (cm)
8-10 0. 585 43.47 28.7~28. 8 29.8 19.4 15. 68
8-12 1.58 45.55 28.9~29.2 31.0 20.2 17.76
8-13 1.20 44.08 26.6~26. 8 28.9 18.7 16.29
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Fig.4. The variation of velocity and temperature profiles (Exp. 8-3). The
measurement stations for temperature are 5.8m and 14m upstream from
the channel end, and that for velocity 4. 3m upstream from the channel

end.
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Fig.6. A process of the boundary layer Lﬁ@Ckﬂi<ﬂﬂéhl5?COIS&K@%%EO%

formation of water temperature BARE, fxOKER ECRARMLIET SRV
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Table 4. The experimental results on a lowering process of thermocline in upper layer flow.

Exp.| Q Hy, U Ap | Re Fi | Rix ¢ We E |Time
No. x10° x106 [x108
8-111.68| 9.914.411229 | 5240/0.936]1.14] 4590| 486|1100|11.5
13.1]3.33}222 | 5270]0.62412.57} 2050] 319| 958[19.5
14.0§3.12|215 | 5280{0.574(3.03| 1740| 203]| 651]26.5
14.8|2.951215 | 5280/0.528|3.58| 1470 158] 534]33.0
15.3]2.85]|212 | 5300/0.505(3.91| 1360} 131| 458}39.0
15.812.76{210 | 5300/0.484}4.27| 1240 99{ 365{46.5
8~211.19| 8.8]3.51|171 | 3570{0.914}1.20| 2980| 6391820} 4.5
10.712.89 471|1630}11.0
12.3(2.51{172 3620{0.551{3.29{ 1100| 287{1140{17.5
13.112.36|172} 3650{0.50213.96 922 219} 930]25.0
14.712.10§162 | 3670[{0.435}5.29 693| 128} 608}40.0
8-312.39{10.7}5.80{239 ] 7480/1.160]0.75/10000|1440{2490| 4.0
14.8(4.19)213 | 7400}0.754|1.76| 4210] 673;1610|11.0
17.913.47{230 | 7530|0.546}3.35}] 2250| 245{ 707|21.0
19.7)3.15{223 | 7560}0.480]4.34] 1740| 142 449}33.5
20.0{3.101218 | 7580{0.474|4.45| 1710 69| 223|46.5
20.6[3.01}204 | 7590{0.469{4.55] 1670 40| 132]59.0
8-411.10| 4.616.21}218 | 3410{1.980{0.2613400|4330]6980| 5.0
9.313.07{18s | 3330{0.741)1.82} 1830| 411{1340{10.5
11.2]2.55{182 | 3330/0.571{3.07| 1090| 314(1230(17.0
12.4|2.30[181 | 3350|0.490}4.16 806 252}1090]25.0
13.312.15{182 | 3370{0.4415.13 656 214 995|32.0
14.212.01|179 | 3380/0.403]6.17 548| 163| 808(40.0
14.8]1.93]179 | 3400|0.379(6.97 4871 131| 676|46.0
8-512.95/10.7|7.16(249] 9250[1.400(0.51{18200| 975{1360| 4.0
14.0(5.47|252| 9310/0.930|1.16| 8060| 371| 679|12.5
3.85(19.1|5.24]|249/12200{0.768|1.70| 7180| 586|1120}22.5
20.6(4.85({252112300{0.680(2.16{ 5680| 295| 609(30.0
21.4]4.67{247]12300/0.649|2.38| 5170| 262 561|36.5
22.7{4.41]241}112300|0.602(2.76] 4460| 217| 491|44.0
23.9)4.18}235/12300/0.563|3.15] 3910] 162} 387)51.5
24.414.101231112300{0.552]3.29] 3740 68| 165]59.0

Q(2/s) ,Hp, (cm) ,U(cm/s) , bp (g/cm3) ,We (cm/s) , Time (min.)
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Temperature( °C )

Time (min)

Fig.7. (b) : (Exp. 8-13)
Fig. 7. Water temperature variation in time and space at the two cross sections 5. 8m
and 14m upstream from the downstream end. Inflowing and outflowing water
temperature are also presented by T: and T, respectively.
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An example of the boundary
layer formation for water tempe-
rature or heat in middle layer
flow.
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Fig. 10. The variations of velocity and temperature profiles in main flow direction
(Exp. 8-3).
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Fig. 11.  Velocity and water temperature profiles in upper layer flows.
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Fig. 12. Velocity and water temperature

profiles in middle layer flows.
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