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ROUTING IN RECTANGULAR CHANNELS 
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Abstract 

We consider the Saint Venant’s equations applied to flood routing in 
rectangular open channels. The model is solved numerically using a 
finite volume method on staggered grids. We select the use of this 
method, because Riemann solutions are not needed so that the 
numerical calculation does not require a lot of efforts and the 
numerical computation is cheap to do. Simulation results indicate that 
our proposed method is successful in solving the problems. In 
addition, we obtain that the greater value of the friction leads to the 
smaller value of the discharge. 

1. Introduction 

Flooding is a natural phenomenon that generally occurs due to the 
inability of the channel to contain incoming water. If the water that enters the 
channel exceeds the channel capacity, then it will cause flooding that has an 
impact on the destruction of facilities and infrastructure, disruption of human 
activities, and loss of property and even human lives. 
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The Saint Venant’s equations as a hydraulic model have been widely 
applied to the problem of flood routing in river, see for examples [1-3, 6, 10, 
11]. These equations are highly non-linear and there do not have analytical 
solution. Therefore, several numerical methods such as characteristic 
methods [1], finite difference methods [1-3, 6, 8], finite element methods 
[11], and finite volume methods [9] have been used to solve this Saint 
Venant’s equations. However, most of these solutions require a lot of 
attempts and numerical computation time. 

In implementing of finite volume method, the velocity and the water 
depth variables of the Saint Venant’s equations are approximated on the 
same grid. This matter causes Riemann solutions are required in order to 
approximate the numerical fluxes. If the equations are approximated on the 
staggered grid, then the numerical fluxes can be computed by component 
using the upwind approximation. Therefore, Riemann solutions are not 
needed. This is the great advantage of using the staggered-grid method, so 
that it makes our numerical technique more simple and the numerical 
computation is not expensive to do. In this study, we propose to develop a 
finite volume method on staggered grid in order to solve the Saint Venant’s 
equations applied to flood routing in rectangular open channels. Furthermore, 
to investigate outflow hydrographs (discharge) for different distance and 
different friction’ factor. 

The paper is organized as follows. The Saint Venant’s equations applied 
to rectangular open channels are presented in Section 2. The proposed 
numerical method is presented in Section 3. Numerical results are presented 
in Section 4. Some concluding remarks are presented in Section 5.  

2. Mathematical Model 

The basic equation commonly used to describe the behavior of water 
flow in an open channel is the Saint Venant’s equations. This system is 
represented by continuity equation and momentum equation [1] that can be 
written as follows, respectively 

,0=+ xt QA  (1) 
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( ) ,00
2

=−++⎟
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⎞
⎜
⎜
⎝

⎛
+ SSgAgAh
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where A states the wet cross-sectional area, Q is the discharge, h denotes the 
water depth, g is the gravitational acceleration, 0S  is the slope of the base of 

the channel, and fS  denotes the slope of the friction. 

For flood routing in rectangular open channels, cross-sectional area and 
discharge can be formulated as 

( ) ( ),, txhxbA =  (3) 

( ) ( ) ( ).,, txutxhxbQ =  (4) 

Substituting equations (3) and (4) into equations (1) and (2), we get 

( ) ,
b
hubhuh x

xt −=+  (5) 

( ) .
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22
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By substituting ( )
b
hubhuh x

xt −−=  into equation (6) and denote 

,huq ≡  then we get the equivalent momentum equation, i.e., 

( ) ( ) ,0
2
111

0
2 =++⎟
⎠
⎞

⎜
⎝
⎛+++ f

x
xxt gSgSgh

h
q

h
uqu

h
u  (7) 

where u is the velocity, ( )xbb =  represents the channel width. 

In this paper, equations (5) and (7) are the mathematical model which 
shall be solved numerically using the finite volume method on staggered 
grid. 

3. Numerical Method 

We consider the Saint Venant’s equations (5) and (7) on the spatial 
domain Lx ≤≤0  and the interval of time .0 Tt ≤≤  The interval of time 
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is divided into tN  time steps with length ,tΔ  for all { },...,,0 tNk ∈  

.tktk Δ=  The spatial domain is partitioned into xN  cells with length .xΔ  

The left end, the center and the right end of the i-th cell are symbolized by 

ii xx ,21−  and ,21+ix  respectively. Here, the velocity u is partitioned at the 

interfaces between the cells, whereas the height of water h and the width of 
channel b are partitioned at the center of the cells (see Figure 1). This picture 
illustrates both the continuity cell [ ]2121 , +− ii xx  centered at the grid point 

,ix  where the continuity equation (5) is estimated, and the adjacent cell 

[ ]1, +ii xx  centered at the staggered grid point ,21+ix  where the momentum 

equation (7) is estimated. The estimation of u at point 21+ix  and at time kt  

is symbolized by .21
k
iu +  The estimation of h at point ix  and at time kt  is 

symbolized by .kih  The estimation of b at point ix  is symbolized by .ib  

 

Figure 1. Illustration of a one-dimensional finite volume scheme on 
staggered grid. 

The discretization of the continuity equation (5) is given by 
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The discretization of the momentum equation (7) is given by 
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( ),
2
1

121
k
i

k
i

k
i hhh += ++  (13) 

( ).
2
1

2121
k
i

k
i

k
i qqq −+ −=  (14) 

In the schemes (8) and (12) above, we do not apply any Riemann solver 
in the calculation of numerical flux, so that the numerical computation is 
more simply to do. 

4. Results 

The common characteristics for simulating are selected as follows: the 
spatial domain is [ ],2000,0  the channel width is ,m5=b  the channel 

bottom slope is 0138.0,0005.00 == fSS  and the boundary conditions is 

( ) 75.0,0 =th  and ( ) .8.0,0 =tu  For inflow hydrograph is selected as 

( ) ( )

⎪
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Here, the number of the spatial cells is 800 in which a half of them are used 
to compute the water depth and the others are used to compute the velocity. 

4.1. Comparison with simplified dynamic model 

In this section, we compared the results of the simulation of a staggered 
scheme with article written by [2]. Simulation results of the proposed model 
and the Keskin model can be seen in Figure 2. The figure shows that the 
increase in hydrograph of the proposed model is the same as the Keskin 
model. In contrast, the recession hydrograph of the proposed model 
decreases slightly more slowly than the Keskin model. The arrival of the 
proposed model in the base stream is the same as the Keskin model. An 
investigation of this curves shows that there are no significant differences 
between the models. 

 

Figure 2. Comparison of discharge for the proposed model and simplified 
dynamic model at distance of 600 m. 

4.2. Outflow hydrograph with different distance 

The computed discharges are shown in Figure 3 for different distance, 
such as .m600,500,400=x  As seen from this figure that discharges have 

crest flows of 6.7758, 6.4128, 6.0678 m3/s. The times to crest flows are 13, 
16, 19 min, respectively. From Figure 3 looked at that the propagation of 
energy wave dissolve quickly along the time. That is mainly due to the 
friction’s factor in the Saint Venant’s equations. 
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Figure 3. Calculated discharges at .600,500,400=x  

4.3. Outflow hydrograph with different friction factor 

The computed discharges are shown in Figure 4 for different friction’s 
factor, such as .15.0,09.0,01.0=fS  As seen from this figure that 

discharges have crest flows of 8.94, 8.28, 7.30 m3/s, respectively. The times 
to crest flows are 12, 13, 14 min, respectively. Figure 4 shows that the 
greater the value of the friction’s factor, the smaller the value of the 
discharge. This is due to the friction’s factor is an important factor in the 
resistance of flow. 

 

Figure 4. Calculated discharges for different friction’s factor. 
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5. Conclusion 

A finite volume scheme on staggered grids has been developed for 
solving Saint Venant equations applied to flood routing in prismatic open 
channel with rectangular cross-section. The advantage of using this method is 
that the numerical flux can be calculated more simply because the 
requirement of the use of the Riemann solver can be avoided, so that the 
numerical computation is not expensive to do. Simulation results have shown 
that the hydraulic parameters play an important game in the flood mechanics. 
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