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Deflection and Resistance in Lake Currents

By Kenji OokuBo and Yoshio MuraMoTO

Synopsis

From the mesurement of wind-driven current in shallower part of Lake Biwa, it
was verified stable stratification makes the current profile significant. Another effect
of stratification is the deflection in the surface current. Considering that these facts
are explained as the reduction of the eddy viscosity, the basic effect of the Ekman
number was detected in pipe flow experiments. Eddy diffusivities were evaluated
from the field data and the profile of the coeficient in neutral case and the variation
due to the temperature stratification. Estimating the surface Rossby number R,=u,
/fL, significant deflection occurs arround R,= 10, where L is the Monin-Obukhov
length, / Coriolis parameter. The destratification is regarded as a typical en-
trainment process to the neutral state, on which the deflection occurs. The results
suggest diurnal patterns of diffusion exist in lakes.
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Fig. 2. Schematic diagram of the experimental apparatus.
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Table 1. Experimental condition of the rotating pipe flow

v (cd/s
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L0119
.0119
.0119

.0118
.0118
.0118
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.0108
.0111
.0110
L0110
.0110
.0110
.0110
.0110
.0110
.0110
.0110
.0110
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.0108
.0109
.0108
.0102
.0102
.0101
.0101
L0112
L0112
.0111
L0111
L0110
.0106
.0106
.0105
.0105
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.0118
L0120
L0120
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0.000
0.000
0.000
0. 000
0.000
0.000
0.000
0. 000
0. 000
0. 000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.261
0.411
0.566
0.262
0.413
0.587
0.265
0.413
0.571
0.262
0.405
0.561
0.264
0.416
0.566
0.419
0.566
0.264
0.576
0.263
0.413
0.571
0.262
0.422
0.413
0.576
0.265
0.413
0.576
0.260
0.582
0.207
0.405
0.683
0.209
0.413
0.698
0.131
0.131
0.264
0.413
0.571
0.576
0.576
0.576
0.571
0.576
0.576
0.571
0.024
0.085
0.040
0.063
0.031
0.051

V(cm/s)

46.01
37.61
30.76
23.24
18.48
3.89
5.51
1.30
1.57
3.51
8.61
10.25
8.56
5.30
10.39
11.47
13.26
2.74
3.80
6.80
45.92
46.56
46.39
37.89
37.97
37.65
29.57
25.20
29.52
23.17
21.98
21.33
17.82
17.17
7.51
4.36
4.31
5.67
5.15
3.39
.3.52
3.44
2.56
2.46
1.82
1.74
2.22
2.34
2.01
3.99
4.20
8.93
8.74
8.30
11.02
10.56
9.84
7.06
7.95
7.93
6.21
6.09
4.34
3.07
5.24
3.86
2.89
2.04
1.46
5.84
5.42
5.33
5.41
5.38
5.41
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Re

8343
6819
5594
4269
3393
765
1087
246
299
597
1431
1729
1437
895
1729
1948
2257
504
703
1222
8326
8442
8412
6871
6885
6827
5377
5309
5368
4233
4025
3918
3273
3161
3231
858
848
1119
1016
608
631
618
463
446
345
329
422
445
397
680
716
1487
1460
1389
1865
1797
1688
1145
1303
1303
1023
1003
714
506
865
638
479
338
243
947
884
872
885
881
889

E

18.9592
18.9592
18,9076
18.7185
18.7185
17.4810
17.42%4
18,1341
18.0482
20.1968
20.6953
20. 3687
20.4718
20. 3687
20.3171
20. 2483
20. 1968
18.6670
18.5810
19.1139
0.0106
0. 0067
0.0049
0.0105
0. 0067
0. 0047
0.0104
0.0067
0.0048
0.0105
0. 0067
0.0049
0.0103
0. 0065
0.0048
0.0061
0.0045
0.0096
0.0044
0.0106
0.0067
0.0049
0.0106
0. 0065
0.0064
0.0046
0.0099
0.0064
0.0044
0.0113
0.0050
0.0145
0.0074
0.0044
0.0141
0.0071
0.0042
0.0235
0.0232
0.0115
0.0073
0.0053
0.0053
0.0053
0.0053
0.0053
0.0052
0.0052
0.0053
0.1271
0.0360
0.0774
0.0484
0. 0985
0. 0596

2Re

281
247
215
177
153
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Fig. 3. Friction coefficients in the rotating pipe experiment.

_6_



RALR « KA iR & G 553

IOO )| I!llllll | RN 1
—] © Ludwieg (I951)
| & speziale (1982) Ludwieg Tl
\Re | numerical \¥=a)d
o Authors I
- for Re<!1500 ﬂ/
100 9ﬁ§§gl b
o 0~ Q Y
“'W 5
T [
RN R )
UL ALRLLLL l"ll/IZI
ARe=64+4E N
10 = = n > - A
10 10 | -1 10 10 10 10
E= wD7y

Fig. 4. Increace of the laminar resistance due to the inverse Ekman number.
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Table 2. Conditions of the wind-driven currents
Date Time Vgior;?ty U stratification Period No.

86711714 11:30~15:00/2.7 m/s |0.32 cmss| destratifing 1
86711714 15:20~18:40(1.2 0.16 formed at the end 1
86711714 19:00~22:4011.7 0.22 weak but persisted 2
86711715 23:00~ 2:203.2 0.38 destratified 2
86711715 2:40~ 6:004.0 0.50 neutral 3
86711715 6:20~ 9:40/3.4 0.42 neutral 3
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Fig. 5. Dependence of the vertical eddy diffusivity on (a) the squared buoyancy
frequency, (b) the wind parameter, (¢) the gradient Richardson number
and (d) N? calculated from all temperature raw data.
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Fig. 8. Time series of the surface Rossby number. The Richardson number and the
velocities in the surface current, (a) 14-15th Nov. and (b) Dec. 2, 3, 1986.
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Fig. 11. Relative magnitude of the downwind currrent
velocity as the function of the Rossby number.
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secondary current for highly deflected data.
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