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TRANSVERSE MIXING COEFFICIENT IN OPEN-CHANNEL FLOWS

By Yoshiaki IWASA, Takashi HosODA and Yoshio NOGUCHI

Synopsis

This paper describes the transverse mixing process for mass and heat injected continuously from
a point source in open-channel flows. In order to derive the transverse mixing coefficient of concen-
tration and temperature, experimental studies with use of salt and heated water have been made.
The empirical relation between the transverse mixing coefficient D, and hydraulic parameters is
discussed.

Judging from experimental results, it is concluded that D, can not be correlated with the
aspect ratio /4 but with the ratio of mean velocity to friction velocity Ufuy, that is to say, Reynolds
number on smooth bed and relative roughness on rough bed.
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Table 1 Hydraulic variables for test runs of mass transfer.
(a) Smooth bed

. 1
e P oo vty | N | sone | s, | S

17t cmfs) _uy(cmfs) | Bk n
Runs 1| 25.0 1.52 25.90 1.63 16. 45 1/500 ©  0.67 3660
Runs 2| 25.0 1.97 29.63 1.83 12.69 1/500 0.67 5590
Runs 3| 25.0 2.71 36.71 2.09 9.23 1/500 0.71 8150
Runs 4| 25.0 2.58  35.44 2.05 9.69 1/500 0,71 8750
Runs 5| 80.0 1.54 21.81 1.71 51.95 1/500 0.56 2910
Runs 6| 80.0 2.10 | 26,85 1.98 | 3810 1/500 0.59 5010
Runs 7| 80.0 3,19 | 40.26 2,41 25,06 1/500 0.72 11260
Run s 8| 25.0 1.39 | 41.39 2.48 17.99 1/200 1.12 4490
Runs 9| 25.0 1.72 48,77 2.72 14.53 1/200 1.19 6510
Run s10| 25.0 2,02 53.93 2.91 12.38 1/200 1.21 8570
Run s11| 25.0 2.32 62,94 3.10 10.78 1/200 1.32 11430
Run s12| 25.0 2.49 64. 23 3.19 10.04 1/200 1.30 12580
Run s13] 25.0 2.67 64. 50 3.28 9.36 1/200 1.26 13360
Run sl4 | 10.0 5,02 44,05 2.21 1.99 1/500 0.63 19380

(b)r VRough bed

| [
Width [Depth Mean | Shear | Aspect

B (cm)| A(cm) |

‘Diameterl Relative

Froude [Reynolds | of Glass Roughness

Number| Number | Beads : Height
! | (mm) (&%)

Velocity | Velocity| Ratio | Slope
U(cmyfs) Iu* (cmfs), Bl

!
Runrl|25.0|1.93| 2473 | 1.81 | 12.95 1/500| 0.54 | 3800 L0 | 0.052
Runr2|25.0|2.16| 26.18' 1.90 | 11.57 |1/500| 0.54 | 4500 L0 | 0,046
Runr3|25.0 | 1.44 | 17.44 - 159 | 17.36 |1/500| 0.40 | 2010 | 2.0 | 0.139
Runrd|25.0 | 1.62{ 19,30 1.68 | 1543 |1/500| 0.42 | 2470 20 , 012
Runr5|25.0|1.86 | 21,04 1.78 | 13,44 |1/500| 0.44 | 3120 2.0 | 0.108
Runt6|25.0 2.05| 22.91' 1.86 | 12.20 |1/500| 0.46 | 3750 | 2.0 | 0.098

—— As=2.2 , «=0.33
—-— As=2.2 , «=0.40

Re (b) k/h

Fig. 1 (a), (b) Resistance law.
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Fig. 5 (a), (b), (¢}, (d) Transverse concentration distribution.
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Talbe 2 Transverse mixing coefficient of concentration.

Run sl | Run sl | Run s3 | Run s4 |Run 55|Run 56]R\m s71Run sSl‘Run s9

D, lhuy | 0.205 0.179 0.155 0.142 0.278  0.179 | 0.164 | 0.170 | 0.156
Ulug 15.89 16. 23 17.56 17.31 12.79 ‘ 13,57 | 16.71 | 16.72 | 17.93

Run s10 ‘Run sl11 | Runsl2 | Runsl3 | Run rl lRun 2 | Run r3 | Run r4 | Run 15 | Run r6

|
0.157 0.155 0. 140 0.136 0.168 0.148 © 0.180 | 0.178 l 0.195 | 0.162
18.53 20.30 20.14 19.65 13.68 13.79 10,96 1151 { 11,81 | 12.33
: . 1
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Table 3 Hydraulic variables for test runs of heat transfer.
(a) Smooth bed

| s | Mean Shear | Aspect | | .

Blem) | #om) | Yelocity | Veloiy | Ratio | Slope | NUTEL | Nomher
Run s1 | 25.0 1.55 25.73 1.64 16,13 1/500 0.66 3220
Run s2 | 25.0 1.80 29.12 1.7 | 13.89 1/500 0. 69 4140
Run s3 | 25.0 199 - 29.86 1.83 12.56 1/500 0.68 4700
Run s4 25.0 2.30 32,92 1,95 10, 87 1/500 0.69 6030
Run s5 | 25,0 1.51 46,04 2.57 16. 56 1/200 | 1.20 5550
Run s6 | 25.0 1.93 53.80 2.8 i 12,95 17200, 1.24 8130
Run s7 | 25.0 1.97 54.53 2.80 | 12,69 1/200 1.24 8480
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(b) Rough Led
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Runr4 250 | 1.42| 17.12 | 1.58 | 17.61 1/500| 0.39 l 1920 2.0 0.141
Runt5]25.0|1.59| 18,08 | 1.66 | 15.72 {1/500| 0.40 2260 2.0 0.126
Run16| 25.0}1.85| 20.28 | 1,78 |13.51 [1/500| 0.42 = 2990 2.0 0,108
Runr7| 250|207 23.68| 1.87 | 12.08 11/500| 0.47 i 3920 2,0 0.097
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Table 4 Densimetric Froude Number.
[ Run sl ‘ Run s2 Run s3 Run s4 ‘ Run s5 ‘ Run s6 | Run s7
imetric 8.89 o | i
IF’f;‘lfd‘:ﬁ{Iumber 111 }é gg 11.74 11,21 ‘ 15. 77 ! 16.27 | 21.81
o Run rl ‘ Run r2 ‘ 7R?n r3 Run r4 i Run r5 1 Run 16 t Run 17
Densi 1 = : . o i 1
R e e | 825 | 8.51 9.82 7.68 | 7.83 | 6.80 | 7.89

567



568 SURBKBRFEAT S M55 B-2 (HES57. 4)

0.9 0.9
T-Ta

(°c) x=1.2m

x=1.6m

0.6 0.6 i

0.3 0.3

t ! 1 ! 1 i I 9 1 J
-10 -5 ] 5 10 -10 -5 0 5 10
z(cm) z{cm)
(a) (v)

0.9 0.9r

T-T

(°c

0.6 0.6

0.3 0.3

10
. z(cm)
(c) Run s6

Fig. 16 (a), (b), (c), (d) Transverse temperature distribution,
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Table 5 Transverse mixing coefficient of temperature.

’ Run sl ‘ Run s2 | Run s3 , Run s4 ‘ Run s5 ‘ Run s6 | Run s7

Diafhuy 0.218 i 0.181 0.174 ~ 0.174 0.179 0.171 0.156
Uluy 15.65 16.58 16,28 © 16.88 17,92 18. 80 18,88
: . R
‘ Run 1l 1 Run r2 Run r3 E Run r4 ‘ Run 15 3 Run r6 Run 17
: - .
Dyl huy 0,148 ‘ 0.139 0.159 0. 166 0.154 0. 160 0.157
Uluy 11,94 ‘

13.30 13.96 { 10.83 10.87 11. 41 12.69
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Fig. 17 Heat conservation in the downstream course.
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