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MODEL EXPERIMENT ON THE CURRENTS
IN THE SOUTH BASIN OF LAKE BIWA

By Kenji QokUBO, Hajime KUuBOTA and Yoskio MURAMOTO

Synopsis

The South Basin of Lake Biwa is a typical shallw lake (4 kmx15 km X 4m) located near the
outlet (Seta River) of the whole lake. Laboratory experiment on the wind-driven current in the
lake was conducted by using a toporographical model and the most fundamental law among
the rotating similarities. The Rossby numbers due to the longitudinal wind and the outlet discharge
and the vertical Ekman number in the experiments are set to be similar to those in the lake.

A slight difference in the surface current patterns was observed between rotating and non-
rotating cases. Another difference is noted between the surface and the bottom current patterns
except for the topographic gyre in the shallower part. Numerical results prepared for the
experiment are also discussed.
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Fig. 1 The plan view of South Basin in Lake Biwa and the used mesh arrangement in the previous
numerical study®
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Table 1 Dimensions and non-dimensional numbers in typical shallow lakes in Japan

Lake Area  H ‘ L QR | B | Rea
| (km?) | (m) (km) | (m3/s) .
Biwa-ko!) | 00| 0.148 | 0.082 .021
(South Basin or Nanko) i 53.5 3.6 40 100 { : : I o
Kasumigaura® (Nishiura) | 180.2| 40| 80 38| 0.074| 0.074| 0.002
Suwa-ko? 45| 40| 40 ‘ 16| 0.148 | 0.074 0.003

Koyama-ike!? 69 30 25 10| 0.238| 0.132| 0.006
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Fig. 2 Apparatus for the wind driven current in South Basin
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Fig. 3 Vertical distributions of the wind
velocity in the experiment
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Table 2 The estimated friction velocities and shear stresses of the wind at several heights

WIND Za w 1 W f Was n ; m ”
(cm) (cm/s) ! (cm/s) (dyne/cm?)

0.24 96 7.6 7.4 | 0071 ' 0067 | 0.013

NNE (weak) 0.34 9 7.6 6.4 | 0.070 0.050 | 0.015

0.44 101 7.6 58 | 0.071  0.041 | 0.016

— — 99 | 1007 | o121 | 0141 | 0.020

NNE (strong) 0.24 124 9.9 8.7 | 0.121 0. 092 0. 025

0. 31 128 9.6 7.4 . 0.113 | 0.067 | 0.026

0.15 75 7.2 85 | 0.063 | 0.090 | 0.009

SSW (weak) 0.25 82 7.0 6.9 ; 0.060 | 0.058 | 0.011

0.35 76 6.9 6.0 | 0.058 | 0.044 | 0.012

0.15 107 9.5 mz%anz 0127 | 0.018

SSW  (strong) 0.25 118 9.4 83 | 0.109 | 0.084 | 0.022

0.35 119 9.0 7.0 | 0100 | 0.061 | 0.023
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Table 3 Experimental conditions

. T Q f s Streak!internal numerical
RUN| Wind ‘(dyne;cmz) (em¥/s) (=) lcm /s) Row £y | Roa photo.  visualization 1experiment
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VB |NNE | 0| 40 0200|020 008 10030 | 000 O s | 3
13 | NNE 0.070 | 44 0.31 | 0.074 0%010 tooo
N25 | NNE 0.120 ’ 0.42 | 0.100 ) o I o
N11* NNE 0. 070 2.0 0.26 e} e} | o)
N12*¥| NNE 0.070 | 40,4 |026 . o \
N13% NNE 0.070| 8&0'"™ 0.31 o ‘
N21¥ NNE 0.120 2.0 1 o o B
S11| SSW 0. 060 1°0.25 | 0-060 | i 0 0 ©
s2| Ssw | 010 %0 042 0100 0.020 1 o o o
S 0. 060 0.30 | 0.07 o o
S22 ssw | o.110| 401020952 | g 100| 003010040 o o
S13 | SSw 0.060 | g ¢ 0.41 | 0.098 0.080 | © 0
523 | SSW 0.110 " 0.42 | 0.100 ' o i o
S11* SSW 0.060 | 2.0 0.27 o o o
S12% SSW 0.060 40,0 1029 o
S13* SSW 0.060 80| 0.28 °
S21% SSW 0.110 | 2.0 ‘ | o
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Fig. 4 Comparisons between the measured
surface velocity (open circle) and the
layer velosities of the numerical model
(full curve, the 1st layer; broken curve,
the 2nd layer and dotted curve, the 3rd
layer)
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Table 4 Spacially averaged velocities of the numerical model (the 1lst layer) in the
weak and strong wind conditions. The velocity differences due to the
increase of the wind are also shown (dus). The corresponding value of
experimental surface velocities are shown in parentheses.

NV series (cm/sec) .S series (cm/sec)
~._  Wind [ |7 77T P~__ Wind o 4
1 2 du . 2 u
discharge ™ o Vﬁisch;;;;\\\\1 o
1 0.28 0. 40 0.12 1 0.14 0.25 0.11
(0-36) 0-37) (0.0D) (0-25) 0. 42) 0-17)
2 0.39 0.50 0.11 9 0. 20 0.25 0. 05
(0. 26) .37 (0.11) (0. 30) 0-42) (0.12)
3 0.62 0.72 0.10 3 0. 39 0. 39 0.00
(0.3D (0. 42) 0-11) 0-41) (0. 42) (0-01)
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TEEENTVEOIHEL, Rw ZHETIHMIFTOATOILVC LiILH B, EBRTH, 8), AOR
THIcE S ICEBENBC DFEBICHFEE LTSS LI & AT, FEB - SEEOLKETh» 3 L 51T, I
REOHEOIRESHEHNT VS, THbE, ERELHEMBO—BIZ S RTRARKEOHEALALN, F
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H—B LU TR FEELEOKKETIR v 2 I TREHELZ TUNIERBEIGE S EBbIh S, BEEiC
BU B RAHOHEER RO IcIhid, PERERRFER T ORMMN2 + —F —R115 L ENHES
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Fig. 6 The relationship between the surface velocity and the wind shear stress
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Fig. 7 Northward velocities in the hydraulic and the numerical models (See Fig. 4)
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Photo 2 Comparisons of the surface current pattern between rotating and non-rotating experiment
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Photo 3 Current patterns in the upper and the lower layer (2mm and 12mm below the water surface,
respectively). (a) A12, (b) V22, (¢) S11, (d) S21.
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Fig. 8 Horizontal velocities in the lake model under the north winds
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Fig. 10 The measuring stations of the lake current®
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Fig. 11 Relationships between wind and flow direction (0° northward; 90°, eastward) under north and
south wind conditions
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