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Introduction

The non-uniform flow in a prismatic channel with gradual changes in the free water surface level
is called the gradually varied flow (GVF). Calculation of the GVF profiles over the last century
has become a significant topic for the researchers in the relevant fields. To obtain this profile, the
nonlinear ordinary differential equation of the GVF needs to be solved. This can be carried out
either numerically or analytically. Although several studies have been conducted on the GVF in
open channels in various forms (Jan & Chen, 2013; Vatankhah, 2010, 2015; Homayoon & Abedini,
2019), the number of semi-analytical studies in the field of gradual variable flow in trapezoidal and
triangular channels is limited, which requires further investigation. In this research, the Adomian
Decomposition Method (ADM) is used to find a semi-analytical solution for solving the GVF
equation in the triangular and trapezoidal prismatic channels. In this method, the Manning equation
is used as the resistance equation. Moreover, for the aim of verifying the semi-analytical solutions,
the ADM results are compared with the finite difference method (FDM). The presented semi-
analytical solutions in this paper can be used to validate other numerical methods in similar studies.

Methods

Obtaining a GVF profile is a crucial issue in the field of hydraulic engineering which can be
obtained by solving the GVF equation. In the present study, the ADM (Adomian, 1986) is used as
a semi-analytical method for the solution of this equation and then the GVF profile is plotted by
the ADM result. For this purpose, the triangular and trapezoidal channels with the Manning
equation as the resistance equation are investigated. The ADM is a semi-analytical method for
solving nonlinear ordinary and partial differential equations. The ADM does not require any
linearization of the GVF equation and can be used very simply for solving the nonlinear equation.

Results and discussion

The semi-analytic solutions presented in this paper are investigated by applied examples at the
triangular and trapezoidal channels. In addition, for the verification of the semi-analytical solutions,
the ADM results are compared with the finite difference method (FDM). Fig. (1LA) shows the GVF
profile for the six-term approximation of the ADM at the triangular channel. As shown, the ADM
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profile is in good agreement with the FDM profile, which indicates high accuracy of the semi-
analytic method. Also, Fig. (1B) shows the GVF profile for the six-term approximation of the ADM
at the trapezoidal channel. As seen, the ADM profile is exactly coincident with the FDM profile
and it shows that the ADM has very high accuracy for the GVF profile in this channel.
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Fig. 1- Comparison of the ADM and FDM profiles in A) The triangular channel B)
The trapezoidal channel

Conclusion

In this paper, the semi-analytical solutions using the ADM are presented for the triangular and
trapezoidal channels. The results of the GVF profile in the applied examples have been presented
for the four-, five- and six-term approximation of the ADM. For the verification of the semi-
analytical solutions, these profiles have been compared with the FDM profiles. It has been
concluded that the six-term approximation of the ADM are in good agreement with the FDM
results. Therefore, these semi-analytical solutions in this research can be used for obtaining the
GVF profile in the triangular and trapezoidal channels. Furthermore, the ADM method proposes a
solution of the GVF equation as a continuous function, while the numerical method presents the
water depth values in a discontinuous manner along the channel.
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Fig. 1- A comparison of numerical and semi-analytical methods in the triangular channel A) four
terms approximation, B) five terms approximation, C) six terms approximation
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Table 1- A comparison between the values of flow depth computed by ADM and FDM methods in
different locations of triangular channel with mild slope

Yaom (M) Yaom (M) Yaom (M) yiow (M) RE
X (m) (four terms (five terms (six terms -
U S S Ax=1m (%)
approximation) approximation) approximation)
-100 1.7184 1.7183 1.7183 1.7183 0
-200 1.6425 1.6426 1.6426 1.6426 0
-300 1.5735 1.5741 1.5743 1.5743 0
-400 1.5127 1.5161 1.5159 1.5154 0.03
-500 1.4615 1.4698 1.4691 1.4677 0.09
-600 1.4210 1.4382 1.4378 1.4304 0.51
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Fig. 2- A comparison of S; profile in the triangular channel with steep slope by the six terms ADM
approximation and FDM methods
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Table 2- A comparison between the values of flow depth computed by ADM and FDM methods in
different locations of triangular channel with steep slope

X(m)  yaom (M) Yeom (M) %RE
-5 0.9036 0.9035 0.01
-10 0.9076 0.9074 0.02
-15 0.9122 0.9118 0.04
-20 0.9174 0.9169 0.05
-25 0.9234 0.9226 0.08
-30 0.9303 0.9292 0.11
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Fig. 3- A comparison of numerical and semi-analytical methods in the trapezoidal channel A) four
terms approximation, B) five terms approximation, C) six terms approximation
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Table 3- A comparison between the values of flow depth computed by ADM and FDM methods in
different locations of trapezoidal channel with mild slope

yADM(m)  yADM(m)  yADM (m) VZE:;V'
X (m) (four terms (five terms (six terms " RE (%)
R R S Ax=1 m
approximation) approximation) approximation)
-100 1.1089 1.1089 1.1089 1.1089 0
-200 1.0210 1.0212 1.0213 1.0213 0
-300 0.9372 0.9383 0.9386 0.9385 0.01
-400 0.8582 0.8619 0.8632 0.8632 0
-500 0.7851 0.7941 0.7979 0.7981 0.02
-600 0.7186 0.7373 0.7466 0.7465 0.01
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Fig. 4- A comparison of S; profile in the trapezoidal channel with steep slope by the six terms ADM
approximation and FDM methods
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Table 4- A comparison between the values of flow depth computed by ADM and FDM methods in
different locations of trapezoidal channel with steep slope

X(m)  yapwm (M)

YrDm (m) %RE
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-8 0.3548
-12 0.3578
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