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The interaction between the surface flood and the drainage system’s
outflow is an important source of uncertainty in urban flood modeling. In
the present study, the Weakly Compressible Smoothed Particle
Hydrodynamics method was used to model the outflow from the drainage
system, considering the effect of its interaction with the surface flood. To
perform modeling, a new open boundary condition was defined. First, an
experimental problem of dam-break propagation over a wet bed was
modeled and the numerical results were compared with the experimental
data. Investigations showed that the average error of the numerical model
is about 2% and its maximum error is less than 4%. Then, to control the
efficiency of the defined open boundary conditions, a problem of jet
injection into the water tank was investigated. It was observed that the
results of the numerical model are in good agreement with the
experimental data. Finally, the problem of the inflow from the bottom and
its interaction with the flow caused by the dam break was modeled and its
results were interpreted and compared with a volume of the fluid
numerical model. In general, the results showed that the developed
numerical model has an acceptable accuracy in simulating complex flows.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
paper distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

drainage system capacity is usually the cause of

Urban flooding is an increasingly important issue
that causes widespread devastation, economic
damage, and loss of human lives. Insufficient
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flooding in urban areas. In these situations, many
interactions between the sewer networks and
surface runoff flows are created, which are
violent and dominated by non-hydrostatic
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pressure. Therefore, urban flood models need to
simulate the mentioned interactions to predict the
exact behavior of floods. Research on urban
flood modeling has been extensive and has led to
the development of a wide range of approaches
for simulating the hydrodynamics of urban
flooding in recent years. However, there is still
no complete model or general method that can
describe all hydrodynamics aspects of the flood
in different modes. The numerical modeling of
such flow problems is traditionally based on
Eulerian solvers. These solvers are mainly mesh-
based and are unable to simulate discontinuities
of the waves in the case of complex interactions
where the fluid particles are separated. In the
present study, the weakly compressible smoothed
particle hydrodynamics (WCSPH) method has
been used to model the surcharged outflow
through the sewage manholes and its interactions
with the free surface flow. The WCSPH is a
mesh-free Lagrangian method that does not have
the limitation mentioned for the conventional
mesh-based methods and has proven the capacity
to simulate complex interactions with highly
dynamic and fragmented interfaces. The most
important challenge in modeling the problems of
the present study using the WCSPH method is
the implementation of boundary conditions.
Thus, in this study, a modified open boundary
condition was defined and its performance is
investigated.

Material and Methods

In this study, for using the WCSPH method,
SPHysics2D  open-source code has been
developed and new boundary conditions have
been defined for it. Discretization of the
equations in the WCSPH method is based on
kernel approximation. The governing equations
are integrated in time using a symplectic scheme,
which is an explicit scheme and is second-order

accurate in time. This scheme predicts all the
evolution variables at half of the time step and
recalculates them at the end of the time step.
Also, to control the stability of the numerical
solution, the time integration is limited by the
Courant-Friedrich-Levy (CFL) condition and the
Courant number was selected equal to 0.2. Solid
boundaries are modeled through the fixed ghost
particle approach for simulating the bottom and
the walls in the computational domain. To
modeling of inlet/outlet boundary conditions
defined a modified open boundary condition
using buffer particles to discretize open
boundaries where the physical quantities of the
flow can be assigned to the buffer particles in
two different ways: the first is to assign physical
guantities to the buffer particles at the beginning
of solving the problem, and in the second option,
the first-order SPH interpolation is used to
extrapolate the physical quantities from the fluid
domain. To assess the accuracy of the numerical
method, the numerical results were compared
with experimental data, and two criteria of root-
mean-square error (RMSE) and mean percentage
error (MPE) were used. In addition, for a better
evaluation of the WCSPH method, its results
were compared with the results of a volume of
fluid (VOF) model, based on STAR-CCM+
solver. In the VOF model, the finite volume
method was used to discretize the equations and
the Reynolds stress transport (RST) model was
used to model the turbulence.

Results

To validate the numerical models, an
experimental problem of dam-break propagation
over a wet bed was modeled and the numerical
results were compared with the experimental
data. The values of RMSE and MPE criteria for
this problem are presented in Table 1.

Table 1 Error values of numerical methods in calculating the height of the free surface for the dam-break
problem over a wet bed at different times

Time (s) RSMEWCSPH (m) RSMEVOF (m) MPEWCSPH (9) MPEVOF (%)
1.42 0.00334 0.00865 1.3438 2.5519
3.26 0.00305 0.00693 1.5082 2.8619
4.78 0.00662 0.00825 2.7644 3.3507
6.64 0.01075 0.01028 3.8682 3.6779

Table 1 shows that the average of errors of the
WCSPH method is about 2% and its maximum
error is less than 4%. Also, in the first three
periods of time, the error of the WCSPH method
is significantly less than the VOF model. This
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statistic indicates the high accuracy of the
WCSPH method. To control the efficiency of the
defined open boundary conditions, a problem of
jet injection into the water tank was investigated.
It was observed that the results of the WCSPH
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model are in good agreement with the
experimental data. Also, in this problem, the
results of the present WCSPH model were
compared with the results of previous research
works. The comparisons indicated that the
present WCSPH model gives a better agreement
to the experimental measurements. Then, the
performance of the developed WCSPH model
was investigated to predict the free surface in a
problem with an upward inlet jet flow. It was
observed that the present WCSPH method has
simulated turbulence and water level fluctuations
well even without the choice of turbulence
models. Finally, to evaluate the performance of
the present WCSPH method for modeling
interactions between flood wave propagation and
the outflow from the sewer network, a dam-break
problem with an inflow interaction from the
bottom was modeled. The performance of the
WCSPH model was compared with the VOF
model and some previous studies that were based
on solving shallow water equations. It was found
that the numerical results achieved by the
WCSPH method even as a single-phase model

Environment and Water Engineering

are in good agreement with those from the
multiphase VOF model, while methods based on
solving shallow water equations are not capable
to model the high-velocity flows and non-
hydrostatic pressure.

Conclusions

In general, it was concluded that the WCSPH
model proposed in the present study provides
accurate results even for flows with high
turbulence and severe free surface fluctuations.
Also, the open boundary conditions used in this
study performed well in modeling the desired
problems and their results were in good
agreement with the experimental measurements.

Data Availability
The data can be sent by e-mail upon request to
the responsible author.
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1.42 0.00334 0.00865 1.3438 2.5519

3.26 0.00305 0.00693 1.5082 2.8619

4.78 0.00662 0.00825 2.7644 3.3507

6.64 0.01075 0.01028 3.8682 3.6779
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