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Table 1- The laboratory results of researchers about the relationship between the entrainment ratio and

Richardson number
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- w = m 1985 Fukushima
0.0075
8 = m 1987 Parker
1.4 Ew=(0.004+0.009(k/h))/Ri3¢ 2017 Kashefipour
_ 0.0024 Ghomeshi and
0.625 Ew ="Rji06 2018 Hashemi
0.0-0.003 E,,_0.0023(Ri)™%* 2004 Haghiabi
\1.1238 Firoozabadi and
0.002-0.03 E,._0.0021(Ri) 2013 Mahdinia
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Fig. 1- The schematic view of the flume and the pattern of the density current formation
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Fig. 2- The flume plan of the density current. (A): Model No. 1- Flume without narrowing. (B): Model No. 2 -

continuous narrowing (in the middle of the flume). (C): Model No. 3 - local narrowing (current passing from the

sides to a width of 10 cm)
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Table 2-The inlet value of the density current to the flume
S po p g Q u
Model. No  Run Number Rio
(%) (kg/m®)  (kg/m®) (m/s?) (L/min)  (m/s)
1 1 1 998.7 1005 0.062 50 0.2381  0.01091
1 2 2 998.7 1005 0.062 50 0.2381  0.01091
1 3 3 998.7 1005 0.062 50 0.2381  0.0109
1 4 1 998.7 1008 0.091 50 0.2381 0.01611
1 5 2 998.7 1008 0.091 50 0.2381  0.0161
1 6 3 998.7 1008 0.091 50 0.2381 0.01609
1 7 1 998.7 1005 0.062 90 0.4286  0.00337
1 8 2 998.7 1005 0.062 90 0.4286  0.00337
1 9 3 998.7 1005 0.062 90 0.4286  0.00336
1 10 1 998.7 1008 0.091 90 0.4286  0.00497
1 11 2 998.7 1008 0.091 90 0.4286  0.00497
1 12 3 998.7 1008 0.091 90 0.4286  0.00496
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Table 2-The inlet value of the density current to the flume

Model. No  Run Number po P J Q_ ! Rio
(%) (kg/m®)  (kg/m®) (m/s?) (L/min)  (m/s)

2 13 1 998.7 1005 0.062 50 0.2381 0.01091
2 14 3 998.7 1005 0.062 50 0.2381  0.0109
2 15 1 998.7 1008 0.091 50 0.2381 0.01611
2 16 3 998.7 1008 0.091 50 0.2381  0.01609
2 17 1 998.7 1005 0.062 90 0.4286  0.00337
2 18 3 998.7 1005 0.062 90 0.4286 0.00336
2 19 1 998.7 1008 0.091 90 0.4286 0.00497
2 20 3 998.7 1008 0.091 90 0.4286 0.00496
3 21 1 998.7 1005 0.062 50 0.2381  0.01091
3 22 3 998.7 1005 0.062 50 0.2381  0.0109
3 23 1 998.7 1008 0.091 50 0.2381 0.01611
3 24 3 998.7 1008 0.091 50 0.2381 0.01609
3 25 1 998.7 1005 0.062 90 0.4286 0.00337
3 26 3 998.7 1005 0.062 90 0.4286 0.00336
3 27 1 998.7 1008 0.091 90 0.4286  0.00497
3 28 3 998.7 1008 0.091 90 0.4286  0.00496
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Fig. 3- The velocity and concentration of the density current in relation to the location in all models (Q = 90 L/min,

p = 1,005 kg/m?)
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Table 3- The range of the concentration and velocity variations in all models

Initial condition variation range
Series Q P 5 u (ms) C (/)
(L/min) (kg/m3) % min max min  max
Model.No (1) 50~ 90 1005~1008 1~2~3 0.0155 0.1035 3.001 6.517
Model.No (2) 50~90 1005~1008 1~3 0.0193 0.1343  2.884  6.585
Model.No (3) 50~90 1005~1008 1~3 0.0145 0.0938 2.789  6.483
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Fig. 4- The relationship between the velocity and the concentration of the density current along the
entire flume for all models
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Table 4- The significant relationship between Richardson number and the entrainment ratio at a
distance of 5m from the inlet gate

Series Relationships Correlation
Model.No 1 Ew=0.0034 Ri0-"° R2=0.901
Model.No 2 Ew=0.0041 Ri~078 R?=0.868
Model.No 3 Ew=0.0016 Ri51° R2=0.826

Total Models Ew=0.0042Ri0-84 R?=0.858
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Abstract

The density current, as a part of the gravity currents, is the flow of one fluid within another caused by the
density difference between two fluids. The density current consists of the nose, head, and body regions within
the ambient fluid. In the present study, a flume with 8m length, 35cm width, and 40cm height was used. The
experiments were performed in 28 different states by changing the bed slope, density, and discharge. The
results indicated that by increasing the bed slope, the concentration of the density current decreased by 12%
and 19% after continuous and local narrowing, respectively, compared to the non-narrowing state. Further,
the entrainment ratio increased by narrowing the flume wall, as the Richardson number decreased by 80%
and the entrainment ratio increased by 5 times after narrowing. In addition, the profile formation pattern of
the current velocity and concentration enhanced by increasing the inlet density and the pattern indicated more
scattering in the jet region compared to the wall region.

Keyword: Density Current, Continuous and local narrowing, Richardson Number, Entrainment ratio, Jet
region
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