Print ISSN: 2322-2069

qﬁp Journal of Water and Soil Conservation )
jorgan University o Online ISSN: 2322-2794

Numerical investigation of the cross-section dimensions changes of the
regime channel under steady and unsteady over-bank flows

Amirsajad Maleki*"’, Gholamreza Azizyan (", Seyed Arman Hashemi Monfared®

1. M.Sc. Graduate, Dept. of Civil Engineering, Shahid Nikbakht Faculty of Engineering, University of Sistan and Baluchistan, Iran.
E-mail: malekiamirsajad@pgs.usb.ac.ir

2. Corresponding Author, Associate Prof., Dept. of Civil Engineering, Shahid Nikbakht Faculty of Engineering, University of Sistan
and Baluchistan, Iran. E-mail: g.azizyan@eng.usb.ac.ir

3. Associate Prof., Dept. of Civil Engineering, Shahid Nikbakht Faculty of Engineering, University of Sistan and Baluchistan, Iran.
E-mail: hashemi@eng.usb.ac.ir

Article Info

ABSTRACT

Article type:
Research Full Paper

Article history:

Received: 12.10.2022
Revised: 05.12.2023
Accepted: 05.21.2023

Keywords:
MIKE21,
Overbank,
Regime section,
Steady flow,
Unsteady flow

Background and Obijectives: Floods are one of the natural events that
cause significant morphological changes in riverbeds and adjacent lands,
which result in financial, human, and other losses. When a flood occurs,
the interference of the flow in the main channel and the flood plain causes
the transfer of movement and complexity in the flow pattern from the main
channel to the flood plain. Due to the dynamic nature of these events,
statistical, experimental, and semi-experimental criteria are used to
determine the dimensions of stable regime channels. Nowadays, the use of
two-dimensional models to study the behavior of the regime channels has a
superior advantage over the empirical and theoretical approaches, which
are based on one-dimensional. There haven't been many numerical studies
done on the flow pattern and sediment transport in alluvial channels, but
there have been a lot of experimental studies. In this study, the behavior
and hydraulic geometry of the trapezoidal compound channel have been
investigated using MIKE21 software for type of steady and unsteady
overbank flow and Finally, the results of modeling in steady flow
conditions showed less difference with real values than in unsteady flow
conditions.

Materials and Methods: In order to study the behavior of the main
channel in the flood flow, the flow has been selected in such a way that the
flood plain are in the state before the movement threshold. First, the
compound trapezoidal channel section with fully losses boundaries/ with
fully mobile boundaries was developed under bankfull flow, and then the
behavior and geometry of the developed trapezoidal channel (regime
channel) were evaluated under type of steady and unsteady flows. In the
first step of permanent steady flow modeling, the flow conditions in the
channel at a certain point are constant with respect to time, which means
that the speed along the flow and the average depth of the flow are the
same. In the second step of the modeling, the unsteady flow along the
channel was checked with the same conditions as the first step, with the
difference that the input discharge is variable in time.

Results: The results showed that when the cross-section of the main
channel is full of water, there was no significant change in the width of the
main channel, but the width of the main channel in overbank flows is
higher than the full section and increases rapidly. The mean relative
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differences obtained at upstream and downstream width trapezoidal
section, and flow depth in steady flow conditions are 0.96, 0.88, and
0.98, respectively, and in unsteady flow conditions, the average relative
difference obtained at parameters upstream and downstream width
trapezoidal section, and flow depth in steady flow conditions are 1.12,
1.15 and 1.05, respectively. According to the sediment transport equations
available in the software, the England-Hansen sediment transport
relationship chosen as the appropriate relationship for the parameters of the
channel dimensions, which can be more predictable to laboratory values.

Conclusion: An stable alluvial channel with a bankfull, when subjected to
flooding, tilts towards a new stable channel.Under steady flow conditions,
estimating the results of the depth and width of a stable alluvial channel in
the MIKE21 model is more accurate than the results obtained from
unsteady flow. Also, the values of width, depth and sediment concentration
predicted by the above software are better estimated than the sustainable
channel design methods such as brownlie, van rajin and WBP. In all
models, the width of the channel increases rapidly over the first 3 hours,
and then approaches the balance stage and the channel erosion rate
decreases. As the discharge increases up to 15 liters per second, the depth
and width of the channel is more severe and then these changes are almost
constant.
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Figure 1. The flume entrance.
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ot
W 20 o S et ok o2e St =2 Labor
Width Top Depth Side slope Width Bottom Slope Bed Discharge ]
B(mm) d(mm) z b(mm) S Q(l/s) osled S~
Number Series
390 45 1 300 0.0017 5 Al
394 47 1 300 0.0017 6 A2 A
302 41 1 220 0.0017 4 A3
382 41 1 300 0.002 2 B1
336 38 1 260 0.002 4 B2 B
394 47 1 300 0.002 6 B3

1- Movable Bed
2- White, Bettess and Paris
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Figure 5. The grid used in the hydrodynamics module.
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Table 2. Calibration results for stable channel bank full flow.
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Table 3. Statistical parameters in the calibration phase to evaluate the model with bank full flow.
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Table 4. Results of channel stability with bank full flow in model validation.
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Table 5. Statistical parameters in the Validation phase to evaluate the model with bank full flow.
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Figure 6. Water depth changes along the stable channel in the A2 test series.
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Figure 7. The average sections of 6, 11 and 13 meters from the beginning of the developed laboratory channel

A2 steady flow.
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Figure 8. Transverse velocity distribution in the cross section of A2 channel in the model.
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Figure 9. Longitudinal velocity distribution in the longitudinal axis of the model at a distance of 11 meters of
channel A2.
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Figure 10. Longitudinal velocity distribution in the cross section of A2 channel in the model.
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Figure 11. Channel depth changes during the passage of current in channel A2.
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Figure 12. Changes in the top width of the channel during the passage of current in channel A2.
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Figure 14. Flow rate name changes over time in the beginning, middle and end of the B1 channel.
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channel B1.
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Figure 16. Velocity distribution in the uppermost layer of unsteady flow and contours of the flow pattern in
model B1.
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Figure 17. Velocity distribution in the layer near the channel bed in model B1.
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Table 6. The relative difference obtained by MIKE21, van Raijn, WPB and Brownlie for the predicted
hydraulic parameters.
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Figure 18. Calibration of the model according to the changes in the angle of repose of the bed materials.
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