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Abstract

Introduction: Density currents formed due to the difference in density, however small, with
the surrounding fluid. In addition, even if this density difference exists in the layers of a
fluid, this type of flow formed. These currents are a type of two-phase currents that have
special and different characteristics compared to normal single-phase currents. Hydrological
and hydraulic phenomena known as chaotic, non-linear, dependent and sensitive systems to
the change of the initial conditions and the temporal and spatial scale of the study. For this
reason, any processing of hydrological time series has a direct effect on the chaotic behavior
and the way the system responds to hydrological models and network forecasting.

Methodology: The experiments carried out in the hydraulic department of Shiraz University
and a flume of 8 m length, 35 cm width and 60 cm height used. Flume has the ability to tilt. A
source of 1000 liters containing thick sediment flow used. A number of 12 experiments
conducted in such a way that the powder of passing rock classified from sieve No. 80 used as
suspended sediment material to create a dense flow, which has a specific weight of 2650
kgm= and an average settling speed of 0.0106 mms and an average diameter of particles. It
is 0.0074 mm. The density of water is 998.7 kgm-. Three channel slopes of 1, 2, and 3 percent
and two density current inlet flow rates of 50 liters per minute and 90 liters per minute used.
The density of the thick flow tank is 1005 kgm® and 1008 kgm?3, and the height opening
under the sliding inlet valve is 1 cm. Fractal dimension is a decimal number that fractal
objects are something between Euclidean and topological shapes. A fractal curve is a curve
with an infinite self-similar component. This analysis based on the box counting method,
which is a smart and simple method to implement. The fractal dimension obtained by
calculating the number of non-overlapping boxes with the size required to cover the fractal
curve.

Results and Discussion: A general study of fractal indices such as scale factor diagrams,
generalized fractal dimension and singularity spectrum shown in Figure 5 for the time series
of dense flow velocity in all models at a distance of m5 from the inlet valve. The highest
fractal dimension with a rate of 1.459 related to test number 5 and the lowest fractal
dimension related to test number 7 with a rate of 1.22. The highest range of o corresponds to
test number 3 with a rate of 3.04 and the lowest corresponds to test number 12 with a rate of
0.087. The lower this range is from the rate of 3.04, the more its multifractal degree decreases
and the trend of the system is more towards single fractal patterns. When the inlet flow rate
changes from 50 liters per minute to 90 liters per minute, the fractal dimension of the speed
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time series decreases by 2.2%, and the amplitude and angle o decrease by 53.5% and increase
by 3.9%, respectively, and the tendency of the system with the increase of the input flow rate,
it tends towards single fractal. Also, in the technical spectrum charts, with the increase of the
input flow rate from 50 liters per minute to 90 liters per minute, the technical spectrum chart
tends from full symmetry to right symmetry, in other words, with increasing the flow rate,
the exact fractal diagram that created from self-similar elements tends towards a single
fractal, which is sensitive to small changes in the flow rate caused by increasing the flow rate
of this factor.

Conclusion: The generalized fractal dimension decreases with increasing flow rate and flow
concentration, and it shows that the phenomenon is less sensitive to high concentrations and
flow rates, and the flow behavior is dependent on the initial conditions. When the input
density changes from 1005 kgm- to 1008 kgm?, the fractal dimension of the velocity time
series decreases by 4.2% and the amplitude and angle o decrease by 9.7% and increase by
9.8%, respectively. The rotation reduced by 6.7% and the Dq changes reduced by 1.5% and its
graph is milder.
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Fig. 4 Time series diagram of velocity under different gradients at a distance of 5m from the inlet valve
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Table 2 Summary of the results of the fractal indicators of the velocity time series at a distance of 5m from the inlet valve

Rate of changes Range Angle
Exp. No D¢ Vertex angle (0) D(q=10) -D( g= -10) (yay — ain) (@)

1 1.372 176.58 1.834 2.0419 774
2 1.292 179.42 1.2716 3.3608 63.94
3 1.406 177.97 1.4377 3.0483 51.59
4 1.246 177.82 1.1212 1.3096 70.2
5 1.459 177.08 1.6472 1.8302 72.04
6 14 178.54 0.8467 0.9957 77.32
7 1.22 179.94 0.2065 0.2465 74.65
8 1.272 179.1 0.3861 0.4482 72.87
9 1.3 179.92 0.1707 0.2316 57.54
10 1.33 179.46 0.2307 0.3179 48.16
11 1.412 179.1 0.3495 0.395 70.07
12 1.375 179.85 0.0569 0.0873 53.95
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Fig. 5 Fractal index diagram of time series of dense flow speed at a distance of m5 from the inlet valve
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Table 3 Percentage changes of fractal indices in time series as a result of initial input changes

Rate of changes Range Angle

Exp. No Type Ds Vertex angle (0) D(q=10) -D( g= -10) (e — i) .

Q (I/min) 50 = 90 -2.2% +0.4% -50% -53.5% +3.9%
S (%) 1> 3 -4.33% -7.6% +9% +8% -9.7%

p (kgm-3) 1005 - 1008 -4.21% -6.7% -5.1% -9.7% +9.8%
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