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Abstract

Introduction: Floods can cause significant damage to goods and people, particularly in
densely populated urban areas with high asset values. Flood risk is typically assessed using
flow depth, flow velocity, and water level parameters (de Moel et al., 2009). Meja-Morales et
al., (2021) studied the impact of flow exchanges between a porous urban block and
surrounding streets and found that porosity significantly affects urban flood flow
characteristics. In another study, Meja-Morales et al., (2023) examined the effect of flow
instability and open areas in urban blocks on key flood characteristics and reported that the
instability level of incoming hydrographs greatly affects the volume of flood water stored in
urban blocks. This research aims to evaluate the distribution of flow depth, velocity, and
flow patterns in non-porous urban block streets by considering changes in stable inflow. The
study seeks to understand multidirectional flow paths caused by the street network and
develop a flood risk map for humans using Flow3D software.

Methodology: In this research, the computational fluid dynamics method (Flow-3D
commercial software) has been used to explore the flow in the urban flood model. The
specifications of the numerical model and the dimensions of the solution domain were
selected according to the laboratory model (Mejia-Morales et al., 2021) for urban flooding.
The physical model includes a rectangular urban block and the streets around it, two streets
are considered as flood entrances and four street are the outlet of the flood. In this research,
according the width of the streets, the effects of the changes in the flow of the inlets on the
distribution of the quantities of depth, speed, flow patterns and flood risk map for humans
in the street were analyzed. Non-porous urban blocks of 7 different flow rates were used. In
order to reduce the operation volume, three mesh blocks were used to simulate the flow in
the urban flood model. The numerical model used in the present study achieved a stable
flow state for the entrances and exits of the urban block and its adjacent streets within 40
seconds. Accordingly, the simulation duration of the current research was set to 45 seconds
to account for changes in the inlet flow rate.

Results and Discussion: The validation results of the numerical model showed that the
k-¢(RNG) turbulence model had the highest correlation with the laboratory model, with a
relative error of 3% and 6.8% for the velocity profile near the water surface and averaged
velocity at depth, respectively. In all models, the right and upstream streets had the highest
and lowest depth, speed, and human stability number, while the downstream street had the

Journal of Hydraulics
19(2), 2024
37


https://doi.org/10.30482/jhyd.2023.399985.1650

Numerical Analysis of Flow Field and Flood Risk ... Safarzadeh et al. , 2024

largest range of flood parameters, with 2 to 3 times the average speed and 3 to 4 danger
zones for pedestrians. Increasing the flow rate at Inlet 1 for a constant flow rate at inlet 2
increased the flooding characteristics of the right and downstream streets while decreasing
the speed in the left street. Conversely, increasing the flow rate at Inlet 2 for a constant flow
rate at Inlet 1 increased the flooding characteristics of the left street, decreased the speed in
the right and downstream streets, and had minimal effect on the flood characteristics of the
upstream street.

Conclusion: The study found that changes in flow discharge at inlets 1 and 2 had a direct
impact on flood flow parameters in the right and left streets. Moreover, some models
showed that increasing the flow rate at inlet 2 for a constant flow rate at inlet 1 resulted in
increased depth, decreased speed, and decreased stability number at the entrance of the right
street. Therefore, when developing flood risk maps for urban areas with varying geometries,
it is advisable to account for different discharges from other city streets.

Keywords: Urban flood, Discharge changes, Computational fluid dynamics, Product
number.
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Table 2 Dimensions of the solution domain and boundary conditions of the numerical model
S Size boundaries
Direction
Meshplan1l Meshplan2 Mesh plan 3 Mesh plan 1 Mesh plan 2 Mesh plan 3
X min 0 0 2.85 Volume flow rate  VVolume flow rate  Continuative
max 2.85 2.85 5.4 Continuative Continuative Outflow
v min 0 1.1 0 Wall Wall Wall
max 0.17 1.28 3.2 Wall Wall Outflow
7 min 0 0 0 Wall Wall Wall
max 0.1 0.09 0.1 Symmetry Symmetry Symmetry
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Table 3 Description of the number of people's stability

PN Instability of the total set (%) Range name
<0.3 2 Low
0.3-0.7 20 Moderate
0.7-1 to 50 Significant
>1 More than 50 High
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Table 4 Choosing the optimal mesh based on velocity profile results for the right street at the location (X=3.3m)

Downstream of Upstream of the

Part urban block

Percentage of relative

Computing the right street left street Total error (Re)
network M.ESh Mesh M_esh Mesh M_esh Mesh mesh U U (Near
s1ze count sze count s1ze count (Average) surfe}ce
(mm) (mm) (mm) velocity)
M1 15 14630 15 12540 12 320139 347309 10 15
M2 12 26656 12 24656 10 561000 702312 9.9 175
M3 10 48450 10 43605 8 1116500 1208555 8.31 9.7
M4 9 66253 9 60230 6 2547450 2673933 6.67 3
M5 Smaller than the M4 computing network, requiring a high processing system and spending more time on

simulation
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