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SUMMARY

In this study, a comparison between the 1D and 2D numerical simulation of transitional flow in open-
channel networks is presented and completely described allowing for a full comprehension of the modeling
water flow. For flow in an open-channel network, mutual effects exist among the channel branches joining
at a junction. Therefore, for the 1D study, the whole system (branches and junction) cannot be treated
individually. The 1D Saint Venant equations calculating the flow in the branches are then supplemented
by various equations used at the junction: a discharge flow conservation equation between the branches
arriving and leaving the junction, and a momentum or energy conservation equation. The disadvantages of
the 1D study are that the equations used at the junction are of empirical nature due to certain parameters
given by experimental results and moreover they often present a reduced field of validity. On the contrary,
for the 2D study, the entire network is considered as a single unit and the flow in all the branches and
junctions is solved simultaneously. Therefore, we simply apply the 2D Saint Venant equations, which are
solved by a second-order Runge—Kutta discontinuous Galerkin method. Finally, the experimental results
obtained by Hager are used to validate and to compare the two approaches 1D and 2D. Copyright ©
2009 John Wiley & Sons, Ltd.
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1. INTRODUCTION

The junction of two open channels is a common occurrence in many hydraulic structures ranging
from wastewater treatment facilities to fish passage conveyance structures. While open-channel

*Correspondence to: R. Ghostine, Systeémes Hydrauliques Urbains, Ecole Nationale du Génie de I’Eau et de
I’Environnement de Strasbourg, France.

TE-mail: rabih.ghostine @engees.u-strasbg.fr

Copyright © 2009 John Wiley & Sons, Ltd.



1D AND 2D RKDG NUMERICAL SIMULATION 753

junctions are present in many hydraulic systems, only limited research has been conducted
on the topic. In recent years more focus has been given to the combining open-channel junc-
tion problem. Prior studies have focused on simplified 1D mathematical approximation of
different junction flow characteristics with limited data collected to validate the theoretical
models.

The difficulty in addressing the problem theoretically is that there are numerous factors that
influence flow characteristics at the junction of two open channels. One set of variables can be
described as geometry variables, such as the size, shape, slope, and angle between the combining
branches. Many combinations of these four variables are possible. A second set are flow variables,
such as the Froude number in the downstream flow, the channel roughness, the ratio of discharge
between the two tributary branches, and the variation of fluid properties. It is readily apparent that
a simplified 1D mathematical model is incapable of fully describing the complex flow conditions
present at a junction. The difficulty of adequately describing this flow with simplified mathematical
models leads to the possibility of using a 2D code to describe the flow conditions in a combining
open-channel junction.

In this work, we simulate and compare the 1D approach with the numerical results obtained by
the 2D Saint Venant equations. For the 1D study, the presence of internal junctions in such a system
poses difficulties in numerical solution and routing of unsteady flow through the system because
these junctions act as internal boundary conditions for each channel joined at the junction [1].
Therefore, 1D flow simulation in open-channel network is much more complicated than single
channel solutions, especially for large-scale network systems [2, 3]. The whole system is considered
as a set of branches in which the 1D Saint Venant equations are applied and linked by different
hydraulic models of junction. The hydraulic conditions at a junction can be modeled by the mass
conservation equation and either the energy conservation equation or the momentum equation. In
this work, we use the model developed by Gurram [4]. While for the 2D case, the whole system
(branches and junction) is considered as one system and discretized into triangular cells forming
an unstructured computational mesh. Therefore, we simply apply the 2D Saint Venant equations,
which are solved by a second-order Runge—Kutta discontinuous Galerkin (RKDG) method [5-7].
The experimental results obtained by Hirsh [8] are used to validate and to compare the two
approaches 1D and 2D in simulation of transitional steady flow through the combining junction.

The objective of this paper is to show that the 1D approximation is not acceptable in all cases and
that with a 2D approach we can obtain very accurate results with a reasonable space discretization
and therefore a reasonable CPU time.

The organization of this paper is as follows. In Section 2, we present the review of literature.
In Sections 3 and 4, we describe in detail the equations and the numerical methods used for the
two approaches 1D and 2D. In Section 5, we provide numerical examples to compare the two
approaches. Concluding remarks are given in Section 6.

2. REVIEW OF LITERATURE

Previous studies on combining open-channel flows proposed theoretical approaches based on the
mass and momentum conservation for determining the upstream-to-downstream depth ratio. Taylor
[9] presented the first study on junction flow and referred to the complexity of the problem. He
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conducted experiments in horizontal rectangular channels of junction angles 45 and 135°. For
a given downstream flow depth #4 and upstream-to-downstream discharge ratio g = Q,/Qyq, he
derived an equation for the relative upstream flow depth Y =h,/hg. A comparison with data
showed fair agreement for 6 =45° and poor agreement for 6 =135°. A second systematic study
on junction flow was presented by Webber and Greated [10]. A small model with junction angles
0=30°, 6=60° , and 6=90° was used. Modi et al. [11] investigated open-channel junction using
conformal mapping (based on a complex variable theory) and therefore did not take into account
energy losses. Best and Reid [12] analyzed experimentally the geometry of the separation zone at
sharp-edged open-channel junctions. The results included data for the length and the maximum
width of the separation zone. They found that both the width and length of the separation zone
increase with an increase in junction angle and discharge of the lateral channel. The shape index
of the separation zone was defined as the ratio of the maximum recirculation width and its length.
For a right-angled junction flow, the shape index has approximately the same value for various
discharge ratios with a mean value of 0.19. By discussing the experimental approach of Best and
Reid [12], Hager [13] introduced a simple model in which the pressure distribution on the lateral
sidewall and the lateral momentum contribution were taken into account. He aimed at predicting
the width of the separation zone by a 1D approach. Ramamurthy et al. [14] studied combining
open-channel flow at right-angled junction based on the momentum transfer from the lateral to main
branch. He applied separate momentum equations for the flow in the lateral and main channels.
The lateral momentum contribution was found to increase as the lateral discharge ratio increases.
Gurram et al. [15] studied the characteristics of the lateral flow and the flow contraction in the
tail water channel and determined expressions for the momentum correction coefficient and the
lateral wall pressure force. An equation for the ratio of flow depths in the lateral and upstream
branches was also provided. Hsu et al. [16, 17] applied overall mass and energy conservation to
the junction and momentum conservation to two control volumes in the junction and computed an
energy loss coefficient and the depth ratio. All these studies were for equal-width junction flows
and equality of the upstream flow depths was assumed. Recently, Shabayek et al. [18] developed
a 1D model providing the necessary internal boundary equations for combining subcritical open-
channel junctions. The advantage of this model is that it does not assume equal upstream flow
depths. The model is based on the momentum principle together with mass continuity through the
junction.

Very few studies concerning the problem of the junction in the transitional case is found.
Ramamurthy et al. [14] studied the two types of flow, subcritical and transitional, through a
junction for a right-angled junction. The model of junction developed in this work is based on the
conservation of the momentum of the lateral branch to the main channel. It separately applied the
equations of the momentum for the flow in the lateral and upstream branches.

Hager [19] showed that the transitional flow can exist if the discharge lateral flow is at least
equal to 15% of the total flow. The author carried out a detailed experimental study with a 1D
theoretical analysis of the transitional flow with angles of junction equal to 90, 45 , and 22.5°.
Hager derived an equation for the coefficient of contraction of the zone of separation. The author
thus developed a model for the junction defining the water depths ratio at the junction, as a function
of the flow discharge and the junction angle. The experimental validation of this model was less
satisfactory for an angle of junction equal to 90° than for the other angles.

Gurram [4] proved that certain assumptions considered by Hager are not acceptable, and he
developed a model for the junction which reproduces more accurately the experimental results of
Hager [19].
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3. 1D STUDY

It is well known that the 1D Saint Venant equations are not available at the points enclosing the
junction due to the 2D phenomenon of the junction. Therefore, for the 1D study, the junction acts
as an internal boundary condition and a special treatment is necessary. To find the solution in a
network system, the 1D Saint Venant equations are applied in branches and linked by a junction
model based on momentum or energy conservation. Different junction models are developed in
the literature to relate the different flow variables at the junction. The inconvenience of these
models is that they are of empirical nature due to certain parameters given by the experimental
results and they often present a reduced field of validity. For example, they are developed in case
of subcritical or transitional or supercritical flow and for a network system composed of three
rectangular branches linked by one combining junction.

3.1. 1D junction model

To describe briefly the 1D junction model used in this work, let us consider a network system
composed of three rectangular branches of same width B and linked by one combining junction. We
note by branch u, branch L and branch d, the main channel located before the junction, the lateral
channel branching to the main channel and the main channel located after the junction, respectively
(Figure 1). The water depths and discharges at the upstream, lateral and downstream points to the
junction are denoted by hy, hp, hq, Qu, Qr and Qq. The junction angle is denoted by o.

The developed model for transitional flow junction and used in this work is Gurram’s model [15].
This model assumes the equality of the water depth in the upstream branches and critical flow at
the entrance of the downstream branch.

The model derived by Gurram et al. [15] is:

hy=nht
; ) ey
Y’ —3Y+2[g°+(1—g)cosd] =0
|
Upstream h 1 Downstream
branch u h branch
- > Q [ ] Junction .Q" [
d
Junction angle '
Separation
zone
Lateral /
branch
Figure 1. 1D junction problem.
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3.2. Coupling the channel solution with the junction model

To find the solution at the internal points enclosing the junction, we have to find six unknown
variables: the water depths and the flow discharges at the downstream of the branches located
before the junction, the water depth and the flow discharge at the upstream of the branch located
after the junction (Figure 1). Therefore, we need six equations to solve the 1D junction problem.

Since the flow is subcritical in the upstream branches, only two equations come from the
branches’ solutions through the characteristic equations. These equations relate the flow discharge
as a function of the water depth:

Ou= f u(hy)
(2)
Or = fr(hr)
For more information about the method of characteristics, see [8].
The conservation of mass gives at the junction is given as follows:

Ou+01r=04 (3)
Critical flow at the entrance of the downstream branch indicates that the downstream Froude

number is equal to 1:

Q2
2d 5=1 )
gB<hy

The last two equations come from the model quoted above (Equation (1)).
The system of these six equations is non-linear and its resolution is obtained by a Newton—
Raphson method.

4. 2D STUDY

4.1. 2D Saint Venant equations

The unsteady, 2D Saint Venant equations can be written in the following conservative form as:

‘Z—Itﬂg—f%—f _s s)
in which
h hu hv
U=|hu|, E=|hi*+gh*)2|, G= huv
hv huv hv>+gh*)2
and
0 0
S=So+Sr=| ghSox | +| —ghSysx | is the source term
ghSoy —ghSyy
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where u and v are the velocity components in the x and y directions, respectively; & is the water
depth; g is the acceleration due to gravity; (Sox, Soy) are the bed slopes in the x and y directions
and (Sgyx,Syry) are the friction slopes in the x and y directions, respectively. In this study, the
friction slopes are estimated by using Manning’s formula:

n%,lu u?+v? nﬁ,[v u? 4?2
Sfx: h4/3 ) Sfy:7h4/3

where ny is Manning’s roughness coefficient. In our work, as we are in a rough turbulent flow, the
viscosity (turbulence) and the bed roughness are approximated by the empirical Manning formula
with Manning’s roughness coefficient ny.

4.2. Numerical method

The DG finite element formulation is written for each element K. Equation (5) is first multiplied
with test function vy (x, y) and the flux integrals are further integrated by parts. The whole process
yields:

d
. Uh(X,y,l‘)vh(x»Y)dKZ/ F(Uh(xyy,t))'vvh(%)’)dK
dr Jx K

_f F(Uh(xay,t))‘”kvh(an)dr
0K

+/I(S(Uh(x,y,t))vh(x,y)d1< (6)

where F'=(E, G) and ny = (ny,ny) is the outward unit normal of the element boundary surface.

In this paper, linear triangular elements are used to discretize the 2D spatial domain. Hence,
the solution at any point in each element can be represented in terms of the midpoint solutions U;
and the shape functions ¢; at each midpoint:

Un(x,y)=2_Uig;(x.y) (7

Using the standard Galerkin approach, shape functions and test functions are identical. Rewriting
Equation (6), the discontinuous Galerkin space discretization can be summarized by a system of
ordinary differential equations as follows:

d
aMthLh,U(Uh) (8)

where M is the mass matrix and Ly is an operator describing the spatial discretization.

By using orthogonal shape functions, the mass matrix M in the linear equation system (8)
becomes diagonal. For triangular elements, a linear shape function can be obtained by choosing a
function that takes the value of 1 at the midpoint m; of the ith edge of a triangle, and the value
of 0 at the midpoints of the other two edges. Thus, the diagonal mass matrix can be expressed as
follows:

M=|K|diag(3. 3, 3) ©)
The integrals are approximated by a three-midpoint rule for the triangles and a two-point Gauss

integration for the line integrals [18].
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4.3. Numerical flux

The approximation of the numerical flux for the discontinuous Galerkin method is identical to the
approximated solution of a Riemann problem according to finite-volume methods. By using linear
or higher subcell resolution for higher-order discontinuous Galerkin methods, the scheme gets less
sensitive to the choice of the numerical flux than the Godunov [20] type methods. In that case, a
simple Lax—Friedrich flux gives good results.

F(UL,Ug)-n=3[(F(UL)+F(Ug)) n—amux(Ug —UL)] (10)
where aax =max(|a1 B |a2|, |a3|), and af (k=1,...,3) are the eigenvalues of the Jacobian matrix:
0 Ny ny
A= a(g&n) =| (& —u®)ny—uvny 2uny,+uvn, uny
(cz—uz)ny—uvnx Vhy uny+2vn,

and c=./gh is the wave celerity.

4.4. Slope limiter

The following slope limiter is presented for a scalar quantity uj. Its extension to systems is

outlined. For further information, see Cockburn and Shu [5]. To describe the limiter, we use the

same notations as in Cockburn and Shu [5]. For an arbitrary triangle K¢ and its surrounding

neighbors K;, i=1,..., 3, the notations b;, i =0,...,3 , and m;, i =1,...,3 , refer, respectively,

to the barycenters of the triangles and the midpoints of the edges within Ky (Figure 2).
Choosing any edge midpoint m1, we obtain:

my—bg=01(b; —bo)+0p(by—bg) for some ocl,oczeR+2 (11)

Figure 2. Slope limiting for triangular elements.
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For any linear function uj, the mean gradient can be expressed as:
Au(mi, Ko) =01 (up(b1) —un(bo)) + oz (up(b2) —up(bo)) (12)
By using the basis functions ¢;, uj can be expressed over Ko as follows:
3 3
up(x, y)=l_§1 up(mi)@;(x, y)=uh(bo)+§1(uh(mz')—Mh(bo))ﬁoi(x, y) (13)
First, we compute the quantities:
A =mi(up(m;) —up(by), vAu(m;, Ky)) for some v>1 (14)

where v is a positive constant number equal to 1.5 and 77 is the TVB minmod function defined as
follows:

. 2
- aj if |a;|<M(Ax)
m(ay,ap)= ) (15)
m(ay,ap) otherwise
where M is a given positive constant; and m is the minmod function, defined as follows:

s min |a,| if s=sign(a;)=sign(as)
m(ay,ay)=4 'S (16)
0 otherwise

Consequently, reconstruction is carried out according to the following two cases:
1. If Z?:l A; =0, the new midpoint value is given by:
3
up(mi) =un(bo)+_ Aig;(x,y) A7)
i=1

2. If Z?:l A; #0, we compute:

3 3
pos=Y max(0,A;), neg=> max(0,—A;) (18)
i=1 i=1
and define:
0+=min<l,g>, 9—=min(1,@) (19)
pos neg
Finally, the new midpoint value is given by:
3 .
up(mi)=up(bo)+ Y Aip;(x,y) (20)
i=1
where

A; =01 max(0, A;) — 0~ max(0, —A;) (21)
Copyright © 2009 John Wiley & Sons, Ltd. Int. J. Numer. Meth. Fluids 2009; 61:752-767
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Since the shallow water equations are a system of equations, the limiting must be performed in
the local characteristic variables in the direction of the vector m| —bgy. The variables are therefore
transformed by 7! into the characteristic space, where T is the matrix of right eigenvectors of
the following Jacobian:

du (E(U (b0)), G(U (bo)))-

i —b
mi 0 (22)

lm; —bol
4.5. Time integration

The second-order accurate two-stage TVD Runge—Kutta schemes of Cockburn and Shu [5] is
employed in this work. According to Cockburn and Shu [5], the optimal two-stage, second-order
accurate TVD Runge—Kutta scheme is expressed as:

U = U +At-Ly y(UD)

(23)
Uptt = XU+ U+ ALy y (U)))
The time step for a 2D element i is determined according to [RKDG formulation], namely,
K:
At =CFL K] (24)

> = ljmin(u-ny+v-ny—c,0)

Here u, v and ¢ are evaluated at the barycenter of the element, j is the index of the faces surrounding
the element, /; is the length of the face and 0<CFL<1 is the Courant number.

5. NUMERICAL RESULTS

In this section, we present the results of our numerical simulation of transitional flow at a combining
junction obtained by the two approaches 1D and 2D. For the 1D simulation, we use the 1D Saint
Venant equations in branches and linked by Gurram’s model [4], the characteristics equations and
the conservation of the flow discharge equation to calculate the flow variables at the junction
(Figure 3). Oppositely, for the 2D simulation, the whole system (branches and junction) is consid-
ered as one system and we simply apply the 2D Saint Venant equations on unstructured triangular
grids (Figure 4). Therefore, these equations do not require complementary equations to treat the
junction as it is in the 1D case.

The experimental data obtained by Hager [19] will be compared with the computational results
obtained by the two approaches. The data were analyzed, and information was developed that
provides guidance for the design of open channel junctions with transitional flows. The 1D and
2D approaches were applied to evaluate its ability to predict flow depths in open-channel junctions
with transitional flows.

The observations were conducted in a 0.5 m wide, horizontal rectangular branch of which one
side had a glass wall. Three angles of confluence, 6=22.5°, §=45°, and 6=90° , were used.
The width of each branch amounted to B=0.096. The total flow discharge Qg4 ranged between
0.002 and 0.013m?>/s, and the upstream to downstream discharge ratio ranged between 0 and 1.
Assuming critical flow at the entrance of the downstream branch leads to a Froude number equal
to 1. Once a certain discharge Qg4 was set, the discharge distribution could be varied to the desired
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Gurram's model +
Characteristics equations + 1D SVE
Discharge conservation +

Critical condition

1D SVE

1D 8VE

Figure 3. Treatment of the junction problem for the 1D case.

Figure 4. Definition of problem domain and the unstructured mesh for the 2D case.

value of g. The flow depths A, and h; were measured. It is found that the flow depths in the
upstream and the lateral branches are nearly equal.

For the numerical simulation, flow discharges are fixed at the upstream branches and a free
outfall condition is considered at the downstream branch, which makes waves pass the boundary
without reflection. A free slip condition is applied at the solid boundary, i.e. the normal velocity
component at the face is set to zero. The different flow parameters for the three angles (22.5, 45
and 90°) are listed in Tables I-III, respectively.

The study is organized around the prediction of the upstream to downstream depth ratio Y at
the junction. Under a known upstream and lateral flow discharges, the upstream to downstream
depth ratio Y is computed using the 1D approach and the 2D approach and compared with the
experimental data of Hager [19].
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Table 1. Flow parameters for the angle § =22.5°.

Main channel inflow Branch channel inflow Main channel outflow

Discharge ratio ¢ Ou (L/s) Q1 (L/s) Qg4 (L/s)
0 0 7.8 7.8
0.0493 0.3845 7.4155 7.8
0.0585 0.1170 1.8830 2
0.0905 0.7059 7.0941 7.8
0.1195 0.2390 1.7610 2
0.1423 1.1099 6.6901 7.8
0.1713 1.9956 9.6544 11.65
0.2124 1.6567 6.1433 7.8
0.2428 1.8938 5.9062 7.8
0.3219 2.5108 5.2892 7.8
0.3630 4.2289 7.4211 11.65
0.3918 3.0560 4.7440 7.8
0.4207 3.2815 4.5185 7.8
0.4436 5.1679 6.4821 11.65
0.4937 5.7516 5.8984 11.65
0.5363 1.0726 0.9274 2
0.6016 1.2032 0.7968 2
0.6441 7.5038 4.1462 11.65
0.6973 5.4389 2.3611 7.8
0.7337 8.5476 3.1024 11.65
0.7838 6.1136 1.6864 7.8
0.8338 6.5036 1.2964 7.8

Table II. Flow parameters for the angle 6 =45°.

Main channel inflow  Branch channel inflow  Main channel outflow

Discharge ratio ¢ QOu (L/s) Q1 (L/s) Qg (L/s)
0 0 4.9 4.9
0.0389 0.3034 7.4966 7.8
0.0694 0.5413 7.2587 7.8
0.1897 1.4797 6.3203 7.8
0.2779 2.1676 5.6324 7.8
0.3539 2.7604 5.0396 7.8
0.4633 3.6137 4.1863 7.8
0.5211 4.0646 3.7354 7.8
0.5591 1.1182 0.8818 2.0
0.6669 1.3338 0.6662 2.0
0.7140 1.4280 0.5720 2.0
0.7489 3.6696 1.2304 4.9
0.8141 3.9891 0.9109 4.9
0.8520 1.7040 0.2960 2.0
0.9141 7.1200 0.6700 7.8
Copyright © 2009 John Wiley & Sons, Ltd. Int. J. Numer. Meth. Fluids 2009; 61:752-767
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Table III. Flow parameters for the angle §=90°.

Main channel inflow  Branch channel inflow  Main channel outflow

Discharge ratio ¢ Qu (L/s) Q1 (L/s) Q4 (L/s)
0 0 5.9 5.9
0.0780 0.6084 7.1916 7.8
0.0870 0.6786 7.1214 7.8
0.1053 0.8213 6.9787 7.8
0.2528 1.4915 4.4085 5.9
0.2664 2.0779 5.7221 7.8
0.4684 3.6535 4.1465 7.8
0.5033 2.9695 2.9305 5.9
0.7021 5.4764 2.3236 7.8
0.7521 4.4374 1.4626 5.9
0.8552 6.6706 1.1294 7.8
0.8824 6.8827 0.9173 7.8
0.9021 7.0364 0.7636 7.8
0.9444 7.3663 0.4337 7.8
16

Depth ratio (Y)

L - Experiments

2D

L s L |

12 I L 1 1 L
0 0.1 02 0.3 0.4 0.5 0.6 0.7 0.8 09

Discharge ratio (q)

Figure 5. Comparison of water depth ratio ¥ as a function of the discharge flow ratio ¢
for the junction angle (§=22.5°).

Comparison between experimental data and numerical results obtained with the 1D approach
and the 2D approach is shown. Figures 5—7 represent, respectively, the water depth ratios Y plotted
against the discharge ratios for the three angles of intersection (22.5, 45 , and 90°) that Hirsh [§]
investigated. Experimental results are well reproduced by the 2D approach. The figures indicate an
excellent agreement between the experimental data and the results obtained by the 2D approach.
The 2D approach’s prediction correlates well to the measured data and gives better accuracy than
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Experiments
1D
F e 2D

161

Depth ratio (Y)

141

12 : :
0 02 0.4 06 08 1

Discharge ratio (q)

Figure 6. Comparison of water depth ratio Y as a function of the discharge flow ratio ¢
for the junction angle (6=45°).

Experiments

Depth ratio (Y)

0 0.2 0.4 0.6 0.8 1
Discharge ratio (q)

Figure 7. Comparison of water depth ratio Y as a function of the discharge flow ratio ¢
for the junction angle (6=90°).

the ones provided by the 1D approach, which does not always achieve a very good agreement.
A notable deviation between the results obtained by the 1D approach and the experimental data is
found.
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Table IV. Errors of the water depths as defined in Equation (25).

Angle (deg.) 1D error in % 2D error in %
0=22.5 7.06 1.43
0=45 6.55 2.19
0=90 8.03 221

0.03

0.025

Q.02

¥ (m)

0.015

0.01

0.008

4 15 2 25 3
*® (m}

Figure 8. Contour of water depths in channel junction.

For a more accurate study of the water depth ratios’ prediction, we introduce an estimator of
quality defined as follows:

Yp—Ym

E =100-max (25)

min(Yy,)

where Y, and Yy, is the predicted and measured water depth ratios, respectively.

Table IV presents the errors as defined in Equation (25) between the measured data and the
water depth ratio predicted by the two approaches 1D and 2D.

According to Table IV, and in all the investigated tests, the 2D approach gives the best agreement
with the experimental data. The error of this approach is about 2% in all cases. Moreover, these
good agreements were obtained with a reasonable effort. Whereas, the error with the 1D approach
is not sufficiently acceptable and reaches 8%.

In spite of the fact that the computing time for the 2D approach is much more significant than
for the 1D approach, the reasons of this choice are on the one hand the possibility of representing
the different urban structures, and on the other hand, the 2D approach allows to directly calculate
the flows in the junctions. Thus, they do not have recourse to additional empirical equations.
Moreover, the results of the 2D calculations are more accurate and more informative.

The following example illustrates the 2D computational procedure of transitional flow at open-
channel junction: Consider a junction of two channels at a confluence angle 6 =90°. The upstream
and lateral bottom slopes are Sp=0.001, the downstream bottom slope is So=0.01, and the
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Figure 9. 2D ploy of velocity field in channel junction.

roughness coefficient according to Manning’s formula amounts to 0.012. Find the upstream flow
depths Ay and hj, for a downstream discharge Qqg=4 L/s if the channels are L =2m length and
B =0.3m wide, and the lateral discharge Oy =21L/s.

The contour of water depths and the vectors of horizontal flow velocities are shown in Figures 8
and 9, respectively. The uniform flow depth in the downstream channel is Ay =0.0155m, whereas
the critical flow depth is ~. =[0.004%/(9.81.0.3%)]'/3 =0.0263 m > hy. Therefore, supercritical flow
establishes in the downstream branch. In the upstream branches hny=0.03m>h,=0.0165m, so
subcritical flow takes place in the upstream branches. This example indicates that the following
conditions are satisfied: subcritical inflow and supercritical flow immediately downstream of the
junction. Therefore, transitional flow from subcritical flow in the upstream branches to supercritical
flow in the downstream branch will be established as assumed.

6. CONCLUSION

In this study, a 1D and 2D approach has been applied for steady transitional flow at open-channel
junction.

For the 1D study, the 1D Saint Venant equations coupled with the method of characteristics and
a junction model based on momentum conservation are used to find the solution in the network
system (branches and junction). While for the 2D case, the whole system is discretized into
triangular cells forming an unstructured computational mesh. Therefore, we simply apply the 2D
Saint Venant equations, which are solved by a second-order RKDG method. The numerical results
have been validated by comparison with experimental data. In all the considered cases, the 2D
approach gives the best agreement with respect to the experimental data. The 1D approach does
not achieve a very good agreement, while the 2D approach performs almost well in all the cases
and for the different junction angles that Hager had investigated. Moreover, these good agreements
were obtained with a reasonable space discretization and therefore a reasonable CPU time.
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This work shows therefore that the idea of combining a 1D approach in branches to a 2D

approach for the junctions in practical situation is fully satisfied when we observed the quality of
the 2D simulation results. It is clear that in certain complex flows such as supercritical flow in
which hydraulic jumps may occur, the coupling of the 1D and 2D models may not be so simple.
Therefore, the use of TVD schemes with shock capturing when solving the 1D and 2D Saint
Venant equations is necessary to correctly represent the hydraulic jumps. Future work will focus
on this point and will consist of developing a framework based on coupling:

e The 1D Saint Venant equations to be applied in branches.
e The 2D Saint Venant equations to be applied at the junction area.
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