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Abstract

This research goal to compare the flow properties in the rectangular and trapezoidal open channels by examining the influence of the
channel side slope is depicted by simplified Saint-Venant Equations. The solution of these equations has been completed numerically
by using Preissmann four-point scheme. The model is simulated using the Matlab application to point out the flow properties. The
proposed model is validated by the model without simplification which was selected from the literature. The validation outcomes
indicate that in common, the simulation outcomes of the two models have a good agreement. The simulation results show that the
greater the slope of the channel side, the greater the peak discharge and the greater the time shift. The analysis emphasizes how
channel geometry influences flow behavior, indicating that trapezoidal channels, with inclined side slopes z, yield slightly higher peak
discharges compared to rectangular ones. For z = 0, discharge of peak Q = 7.88 m®/sand ¢ = 18 s. For z = 2, discharge of peak
Q =7.39m?/sandt = 21 s. For z = 4, discharge of peak Q = 7.45 m®/sand t = 28 s. For z = 6, discharge of peak Q = 7.51 m?/s

and: =24 s.
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1. INTRODUCTION

Aflood is an affair that is caused by the rise of the water stage to
exceed the volume of water reservoirs such as rivers or water-
ways. Floods may be forecasted by viewing natural phenomena
such as aloft rainfall. (Mandailing et al., 2020; Piadeh et al.,
2022; Sulistyono and Wiryanto, 2018). The event of flood-
ing is complicated to forecast if it comes flashy. Floods shall
induce troubles and disadvantages such as damage to objects,
electronic equipment, machines, securities, etc. The negative
impact of the flood may damage houses, buildings, and bridges,
and can cut off transportation means, so forecasting is needed
as an early warning of flooding.

Unsteady flow is a flow feature that is often found in rivers
and waterways (Sulistyono et al., 2021a). For planning, flood
control, maintenance, and other work-related drains, mathe-
matical models have played an important role in various dis-
ciplines of fluid mechanics, whether in research, engineering,
or industry. Not to forget, in the field of hydraulics, a mathe-
matical model is increasingly showing its existence as indicated
by the increasing frequency of mathematical models used in
engineering work, in the study and design stages. In forecasting
floods in natural or artificial channels, three major factors in-

fluence the outcomes of numerical simulations (Keskin, 1970;
Sulistyono and Wiryanto, 2017) namely, the mathematical
model that depicts the water flow movement, the numerical
scheme used to resolve the mathematical model, and the char-
acteristics of the channel.

The Saint-Venant equations are a mathematical model
quite reliable for depicting the behavior flow of a flood in a nat-
ural as well as an artificial channel (Pudjaprasetya, 2018). This
model is system differential partial nonlinear and complex, so
analytical solutions are available only for special cases. There-
fore, some researchers make simplifications and modifications
to the model such as the kinematic wave equation (Krutov et al.,
2021; Moramarco et al., 2008; Ogunlela and Adelodun, 2014;
Zheng et al., 2020), diffusive wave equation (Jahanbazi et al.,
2017; Moussa and Majdalani, 2021; Wang et al., 2003; Wu
et al., 2019), inertia dynamic wave equation (Cozzolino et al.,
2019). On the contrary, the Saint-Venant equations, in their
complete form, have been addressed using diverse numeri-
cal methods for both cylindrical and non-uniformly shaped
cross-sections. These established solutions, as documented
by (Amien and Fang, 1970; Koussis, 1976; Lamberti and Pi-
lati, 1996; Sulistyono and Wiryanto, 2019; Mirzazadeh and
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Akbari, 2023), are presently in use. Yet, the majority of these
solutions demand substantial computational resources and time
investment.

In this study, we used a simplified model by modifying the
momentum equation. This occurs because modifications to
the Saint-Venant equations will decrease the required bound-
ary conditions and save computational time. The simplified
model will be solved numerically using too a simple numerical
method, namely the implicit finite difference method, often
called the four-point Preissmann method. The cross-sectional
configuration of the channel is a crucial characteristic of pris-
matic channels. The cross-section of a natural channel is fre-
quently intricate or complex (Komi et al., 2017; Kandpal and
Bora, 2023). Hence, it’s crucial to transform its complex cross-
section into a simpler form that exhibits a comparable hydraulic
response in mathematical modeling (Ficchi et al., 2019; Pa-
protny et al., 2020; Neira et al., 2020). Depending on the
complexity of their cross-sections, artificial and natural chan-
nels may be represented by a blend of four basic geometric
elements: triangular, semi-circular, rectangular, or trapezoidal
shapes. We select rectangular and trapezoidal cross-sections
because they are the most widely used in the field (Pu et al.,
2020). In this research, we will compare the flow properties in
the rectangular and trapezoidal open channels by examining
the influence of the channel side slope.

2. EXPERIMENTAL SECTION

2.1 Simplified Saint Venant Equations

The behavior of a one-dimensional unsteady water flow in an
open channel can often be depicted using a mathematical model
known as the Saint-Venant’s equations (Chaudhry, 2008) as
follows,
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here, A states the area of cross-sectional wet, Q states the dis-
charge, g states the acceleration of gravity, & states the flow
depth, Sy states the channel bottom slope, and S states the
slope of friction slope, x states space co-ordinate and ¢ states
time.

The simplified Saint Venant’s equations for rectangular
cross-section and trapezoidal cross-section are obtained by
transforming Equation (2) into an equation of partial differ-
ential which only has two parameters of discharge and wet
cross-sectional area.

2.2 Rectangular Cross-Section
For flood routing in the rectangular cross-section in Figure 1,
The area of the cross-section can be expressed as
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A=0bh (3)

In this context, b signifies the width of the channel.

__5___

Figure 1. Rectangular Cross-Section

Assuming a constant channel width, Equation (2) is sim-
plified to an equation that only applies to rectangular cross-
sections (Geravand et al., 2020; Sulistyono et al., 2021b), i.e.
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Hence, Equation (4) can be resolved utilizing the Preiss-
mann four-point scheme that satisfies both initial and boundary
conditions. In flood routing, the inflow hydrograph can accom-
modate various geometrical configurations.

2.3 Trapezoidal Cross-Section
For flood routing in trapezoidal cross-section in Figure 2, The
expression for the cross-sectional area is given by

A= (b+zh)h @)
where bis width of the channel and ¢ is the side channel slope.
Assuming the channel width remains constant, Equation (2)

is simplified to an equation that only applies to trapezoidal
cross-section (Sulistyono and Wiryanto, 2017) i.e.
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Figure 2. The Cross-Section of Trapezium
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Hence, Equation (8) can be resolved utilizing the Preissmann
four-point scheme that satisfies both initial and boundary con-
ditions. In flood routing, the inflow hydrograph can accommo-
date various geometrical configurations.

2.4 Numerical Schemes

In order to resolve the simplified Saint-Venant equations, a
Preissmann four-point finite difference method is applied to get
the numerical solutions. In this scheme, the time derivatives are
approached by a forward difference operator centered between
the i and 7 + 1 points along the z-axis as follow

af KM= -0
or 9Ax

(1D

Where fdenotes any variable. The spatial derivatives are
approached by a forward difference operator positioned be-
tween two neighboring time steps corresponding to weighting
factors of 6 and 1-0 as follow

J+l _ pj+l J_ g
o _y (f"—]?‘l )+(1 - 6) (f—f‘l)

ox Ax Ax (12)
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thus,
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Futhermore, substitute Equations (11) and (12) into Equations
(1) and (4), we get
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It’s evident that each set of values for a7/ and B! can be easily
computed from Equation (20), Equation (21) for rectangular
cross-section, and Equation (22) for trapezoidal cross-section,
utilizing the available initial and boundary data at the starting
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point of (¢, j). This allows for determining Q{“ from Equation

(14). Ultimately, with Ql] +1 established, Afl can be calculated
using Equation (15). This procedure will be reiterated for
successive (7, j) values.

To ensure the proposed numerical method can be used
for simulation, it’s crucial to validate the scheme. The pro-
posed model is validated with model without simplification in
rectangular channel (Sulistyono and Wiryanto, 2019). The
validation results, as shown in Figure 3, suggest that overall, the
simulation results from both models are well-matched. Minor
discrepancies arise due to the simplifications considered in the
proposed model.

Position at x =600 m

12 T

T

A model with simplification
A model without simplification

10 ¢

o
T

Discharge (rn3 /s)
[=2]

0 1 1 1 1 L
0 10 20 30 40 50 60

Time (s)
Figure 3. Discharge from the Model without Simplification and
the Model with Simplification at Position x = 600m

3. RESULTS AND DISCUSSION

Water flows from upstream through a prismatic channel featur-
ing both rectangular and trapezoidal cross-sections. From the
upstream direction, it is recorded that the inflow hydrograph in
the form of a triangular enters the channel with the following
data:

3+0.9 for0 <t <10
Q0,t)=712-0.9(t -10) for10<t <20 (23)
3 fort > 20

with the initial coditions are Q(x, 0) = 8 m3/sand A(z, 0) = 8
m?. The fundamental elements utilized in numerical sim-
ulations include: length of channel L = 2000 m, constant
width of the channel b = 5 m, the bottom slope of the channel
So = 0.0005, roughness coeflicient of Manning n = 0.0138,
gravity acceleration g = 9.81 m/s?, spatial step 100 m, time

step t = 10s, and the The simulation runs for ¢ = 50 s.
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The simplified Saint-Venant equations developed in this
study were applied to perform several simulations, under iden-
tical initial and boundary conditions, by evaluating wave prop-
agation along a channel with rectangular and trapezoidal cross-
sections, as follows.

3.1 Outflow Hydrograph in Rectangular and Trapezoidal
forz =0

In order to ensure that the derivation of the trapezoidal chan-
nel formula is valid, the following simulation will display the
outflow hydrograph that occurs in rectangular and trapezoidal
cross-sections at ¢ = 0. Figure 4 displays the outflow hydro-
graph, observed 600 meters downstream, derived from a trian-
gular inflow hydrograph. It’s noticeable that the peak discharge
has reduced from 12 m3/s to 7.88 m®/s and The peak dis-
charge time has shifted from 10 s to 18 s. It can be seen that
the outflow hydrograph profile of the rectangular channel and
trapezoidal cross-section for z = 0 has very high suitability.
This result confirms to us that the trapezoidal cross-sectional
channel formula is valid.

12

—&— Rectangular channel
——+— Trapezoidal channel for z =0

10+

Discharge (m3 /s)
[=2] oo

E-

0 1 L 1 1
0 10 20 30 40 50

Times (s)
Figure 4. Profile Discharge in Rectangular and Trapezoidal for
z=0

3.2 Outflow Hydrograph in Rectangular and Trapezoidal

In this section, simulations are performed to compare behavior
flows at a trapezoidal channel with a rectangular channel. This
study involves simulating the movement of water through pris-
matic channels in response to a triangular hydrograph inflow.
The focus is on examining how water discharge behaves 600
meters downstream from the initial point. Two channel cross-
sections, rectangular and trapezoidal, with different side slopes
are being analyzed. Figure ) illustrates an increasing trend in
both the peak of the hydrograph and the 2 value. The specific
values for peak discharge and corresponding time intervals are
provided for different scenarios (perhaps different configura-
tions or conditions) under investigation. These values help
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assess the variations in water flow and discharge characteristics
in the channel under distinct circumstances.

12

Rectangular channel
Trapezoidal channel forz = 2

10 Trapezoidal channel for z = 4
Trapezoidal channel forz = 6

Discharge (m3 Is)

0 10 20 30 40 50
Times (s)

Figure 5. Compare discharge in rectangular and trapezoidal for
z2=2,2=4,2=06

Simulation of routing water flows in prismatic channels due
to hydrograph inflow triangular. Furthermore, observations
were made on the discharge behavior at a location 600 m from
the upstream. There are two cross-sections of the channel being
reviewed, namely rectangular cross-section and trapezoidal
cross-section for the larger side slope. Figure 5 it can be seen
that the peak of the hydrograph is getting bigger and the value
of z is getting bigger as well. For 2 = 0, the peak of discharge
Q =7.838m%/sandt = 18 5. For z = 2, the peak of discharge
Q =7.839m3/sand t = 21 s. For z = 4, the peak of discharge
Q =7.45m%/sand t = 28 5. For z = 6, the peak of discharge
Q=751m%/sandt =24 s.

4. CONCLUSION

To compute flood routing in rectangular and trapezoidal chan-
nels, the study introduced simplified Saint-Venant equations
and the Preissmann four-point scheme. The results obtained
from the model in the trapezoidal channel are compared with
those in the rectangular channel, both under identical condi-
tions. The results suggest that as the slope of the channel side
increases, both the peak discharge and the time shift also in-
crease. Following this comparative analysis, it becomes evident
that in the case of the trapezoidal channel, there’s a substantial
increase in peak flow discharge compared to the rectangular
channel with identical side slopes. Furthermore, a more pro-
nounced time shift is also observed in the trapezoidal channel,
emphasizing the significant role of channel geometry in flood
flow modeling. This underscores the necessity to account for
channel shape in predicting flood flow characteristics more ac-
curately, especially considering its impact on peak discharge
and temporal aspects of the flow.
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