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ABSTRACT

Sewer inlets are one of the most important elements for avoiding floods in urban areas, capturing runoff and
introducing into the sewer system. Traditionally the inlets have been designed by resistance criteria, without
including or analysing their hydraulic efficiency. Currently CFD techniques plays an important role in order to
assess more efficient inlets, minimizing the need for flume experiment and taking into account the hydraulics for
their design. 2D models are good enough to represents the hydrodynamics, which is mainly 1D on the street and
2D on the surroundings of the inlet. These models cannot properly capture 3D phenomena over the inlet, the
discharge through the inlet is not well represented. This work presents different techniques, based on the
similarity between the hydrological infiltration models and the discharge captured by the inlet, aiming to
enhance the 2D model Iber to adequately reproduce the discharges captured by the grates, even without
representing the complex three-dimensional hydrodynamics around and over the inlet. The results fit well with
the observed data, properly reproducing the hydraulic structures as hydraulic jumps, recirculation and cross
waves.

1. INTRODUCTION

Sewer inlets are drainage elements generally used in urban areas to capture the runoff and
introduce it into the underground drainage network in safety conditions. Their location and
frequency (e.g. inlets per ha or per 100 m of street) must be adequate enough to avoid or
minimize floods [1]. However, the most important point is how much discharge are they able
to capture in relative and absolute terms (not only in terms of flood so to dimension the sewer
system).

Traditionally, the inlets have been designed to resist the street loads (road traffic) and in
order to warrant the pedestrians’ safety (hole sizes). These designs are, in many occasions, far
from being useful for what they really have to do: capture water. The size and the distribution
of the inlet holes are not enough to achieve a proper efficiency [1-5], and sometimes they
promote clogging effects [6].

In this sense, laboratory experiments have been traditionally carried out to determine the
efficiency of inlets (quotient between intercepted and street flow) under different hydraulic
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(flow) and geometric (slope of the street) conditions [2-5]. In the abovementioned studies the
authors proposed an empirical relationship to obtain the efficiency of the inlet in terms of
hydraulics (e.g. flow and depth) and geometry (e.g. number of holes, gap area, etc.). However,
the design a new inlet means a high number of flume experiments (number of tests: inlet type
per number of slopes, discharges, etc.), which are economically very expensive.

Currently, CFD numerical modelling techniques allow to minimize the number of
laboratory experiments, in general, and thus reduce costs, in particular. Regarding to the
hydraulics, and in order to properly choose the model (1D, 2D or 3D), notice that the runoff
follows 1D patterns which are on the streets according to its alienation and slope (X-
direction). Near the inlet, the flow acquires a 2D component, the hydrodynamics being
affected by the inlet (Y-direction must not be neglected). Finally, 3D phenomena over the
inlet are produced (Z-direction should be important).

Some studies have been carried out using 3D models [7-9] focussing in reproducing the
hydraulics. However, to obtain satisfactory results it is necessary to use a very detailed mesh
(high density of elements), which implies longer calculation times (at least 2 or 3 days) [9].

With the aim to reduce the computational time, this document shows the development
and test of different techniques on the basis of the 2D model Iber [10]. The model was
enhanced to represent 3D-phenoma effects using the similarity between the hydrological
infiltration models and the discharge captured by the inlet. The numerical results were
compared with the experimental data published in [2,3] and with flow patterns recorded in the
framework of the 2017 study [11].

2. PHYSICAL MODEL

The experiment set up consisted in a 1:1-scale platform of 5.5 m-length and 3 m-width that
represents a street (Figure 1). The platform can change its longitudinal and transverse slope
from 0 to 10 % and O to 4 % respectively. For the transverse inlet experiments, the flume
width was reduced to 1.5 m. The inlet used was “Barcelonal”, one of the most common inlets
in Barcelona, and it was located at the end part of the flume.

Figure 1: Physical model. Flume facilities (left) and inlet “Barcelonal” (right). Source: [11].
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The intercepted flow (Qin) was measured for different geometric and discharge
configurations (25, 50, 100 and 200 I/s), resulting 27 combinations. A detailed description of
the flume configuration can be found in [2,3].

3. NUMERICAL MODEL
3.1 2D model Iber

Iber is a two-dimensional hydraulic model based on the Finite Volume Method [12,13]. It
solves the 2D Saint Venant equations (2D-SWE) using 1 order Roe or 2" order Minmod
schemes [14]. Since 2011, Iber was enhanced to simulate hydrological process [15-17]
including a source term in the mass conservation equation (1).
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were h is the water depth, gx and gy are the X- and Y-direction fluxes and R and f represent the
source term (R: rainfall; f: losses).

This is a common solution to include hydrological process into 2D-SWE models, because
the gain or loss of Momentum affected by 3D-processes infiltration is negligible. However,
when the work-scale is reduced, as in the analysis of the inlets, the 3D phenomena affects the
momentum equation and must be considered.

3.2 Numerical solver

The solver proposed is based on the similarity between the captured flow by the inlets and the
infiltration process. In both cases, the water intercepted can be interpreted as a subtraction
from the 2D model.

Figure 2 shows how the infiltration process is performed in a 2D hydraulic model. Taking
into account that the holes of the inlet are areas of infiltration (element), if an initial volume
(h1) exists over the element, at the next time step a volume is infiltrated (hs) remaining the
final volume (hz). This mass subtraction implies, under this scheme, a flow acceleration
because the 2D-SWE are not in equilibrium. Thus, a proper scheme must be necessary.

=== Element as a part of the topography === Element as a hole (grate)
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Figure 2: Description of the infiltration process in a hydraulic model.

Therefore, three different strategies were considered on the bases of Iber: NS-0 (official
version); NS-1 (modification of Momentum); NS-2 (simplified modification of Momentum).
In the first, no-modification was done, so the official version of Iber was used. The second
one derives from an analysis of the Momentum equations, resulting that the fluxes are
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proportional to (q[th+1] o g/tz/) the root-squared quotient of the final (h2) and the initial
volume (hz). Third one was a simplification of the previous, where the relation between the
fluxes is directly proportional to the quotient between the final (h2) and the initial volume (hy).

3.3 Model set-up

The flume was discretized by means of a mixt mesh (triangular and rectangular elements),
coarse (0.2 m) on the exterior part and becoming finer (0.005 m) when approaching the inlet
(Figure 3). The holes of the inlet (plotted in black, Figure 3) were also meshed (0.01 m). The
same configuration was used for the transversal inlet.

Figure 3: Flume discretization and mesh accuracy for gutter inlet. The different parts of the model were
coloured (grey: flume platform; orange: inlet grate; black: inlet holes).

The boundary conditions were a constant discharge (25, 100 and 200 I/s for gutter inlet;
25, 50 and 100 I/s for transversal inlet) upstream and weir condition downstream. Constant
infiltration was imposed on the inlet holes calculated as abovementioned. The roughness
coefficient was 0.015 and 0.020 s-m™® for the platform and the grate respectively. Moreover,
k-& turbulent model [18] was used.

The simulation time was 100 s, ensuring permanent flow, and the results were analysed at
the end of the simulation. Wet-dry threshold of 0.0001 m and 2" order scheme was chosen. A
total of 288 simulations were carried out (216 for the lateral inlet and 72 for the transversal
inlet), combination of the different flows, slopes and grates type tested.

4. RESULTS
4.1 Intercepted discharge

For all three numerical strategies performed the computed discharges intercepted by the inlet
(Qin,iver) Were checked with the experimental data (Qin). No remarkable differences were
presented in exception of 25 I/s gutter inlet (longitudinal and transversal slopes of 0 and 1 %
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respectively), where the relative error was systematically over 10 % for the three numerical
strategies (NS-0, NS-1 and NS-2). In general the mean relative error was under 1.25 % for
gutter inlet and less than 0.2 % for transversal inlet.

4.2 Hydrodynamic patterns

A hydrodynamic patterns comparison was done by means of the representation of hydraulic
jumps, recirculation areas and cross waves. Note that particular 3D phenomena as splash and
vertical recirculation cannot be simulated by 2D-SWE model.

In general, as mentioned above, excessive flow acceleration was observed for NS-0 due
to no corrections on the momentum equation was done. Thus, this numerical strategy
overestimates the velocity field over the inlet, affecting the rest of the flow upstream and
downstream. The hydraulic patterns observed do not represent the flume observations

(Figure 4).
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Figure 4: Flow patterns: hydraulic jump (a); recirculation area (b); cross waves (c). Flume configuration
[discharge and longitudinal-transverse slopes]: 200 I/s and 4 %-0 % (a); 100 I/s and 2 %-0.5 % (b); 100 I/s and
4 %-10 % (c). Flow patterns are highlighted in red-dashed line.

NS-1 strategy was closer to the real behaviour but small flow acceleration was produced,
thus the recirculation areas and the hydraulic jumps were in some cases unstable. Instead, NS-
2 reached a suitable fit regarding all flow patterns types. The velocity reduction achieved in

NS-1, and especially in NS-2, improve considerably the hydrodynamics behaviour of the
whole system.
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Experimental data did not show specific behaviour (patterns) in transversal inlets. In any
case, the velocity reduction and depth increment from NS-0 to NS-2 adjusts reasonably well
to the observations. Depending on the slope and the discharge, splash phenomenon occurs in
both kind of inlet, but 2D-SWE models cannot reproduce this kind of pattern.

4.3 Computational time

The simulations were performed in an eight-threads Intel® Core™ i7 CPU with 3.5 GHz,
launching 8 simulations at the same time (1 core per model). The simulation time oscillates
between 0.75 and 7.5 hours. For gutter inlets NS-1 simulations 1.43-times faster than NS-0
and NS-2 was 2.11-times faster than NS-0O (average values). For transversal inlets NS-1
simulations 1.45-times faster than NS-0 and NS-2 was 1.85-times faster than NS-0 (average
values). Comparing with 3D simulations performed by [9], the averaged speed-up achieved
was higher than 15-times.

5. CONCLUSIONS

This work presents three different strategies to simulate sewer inlets using 2D-SWE Iber
model, focusing in properly reproducing the observed hydraulic patterns in the laboratory
(hydraulic jumps, recirculation areas, cross waves, etc.) and to reduce the computational time
in comparison with 3D models.

The numerical strategies presented explores the capabilities of the hydrological approach
based on 2D-SWE hydraulic models, using the similarity between the infiltration models and
the discharge captured by the inlet: NS-O (no-modification); NS-1 (modification of
Momentum); NS-2 (simplified modification of Momentum).

The results NS-0 strategy did not adequately reproduce the hydrodynamics over the inlet,
since an unreal acceleration of the flow is generated above the grid. The momentum reduction
in the NS-1 model, although significant, was not enough to achieve a good fitting with the
experimental data. Finally, the NS-2 strategy presented good results, both qualitative
(hydraulic jumps, recirculation, wave fronts, etc.) and quantitative.
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