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Numerical study for forecasting the dam break
flooding flows impacts on different shaped
obstacles

Issakhov A.A., Mussakulova G.

Abstract— This paper presents numerical study for forecasting
the dam break flooding flows impacts on different shaped
obstacles. A mathematical model for simulation of flooding flow is
based on Navier-Stokes equations coupled with the volume-of-
fluid (VOF) method. The 2D computational domain is discretized
via the finite volume method (FVM). For turbulence modelling, the
model is chosen. The interface between air and liquid is captured
by CICSAM (compressive interface capturing scheme for arbitrary
meshes) scheme, whereas the semi-implicit method for pressure
linked equations (SIMPLE) scheme is applied for the pressure-
velocity coupling. A second order upwind discretization scheme is
used for the momentum equations. The verification of the present
results is produced on a single flooding water body. The results
show a good agreement with previous simulations and experiments
of different authors. Then the simulation is expanded and analysed

for cases with two different types of obstacles. Numerical
simulation results are illustrated by figures and tables.
Keywords— Navier-Stokes equations, phase equation,

mathematical model, hydraulic constructions, dam break.

AMS are the structures designed to partition a

watercourse or water for the lifting of the water level, in
order to concentrate a water pressure at the site of construction
and to create a reservoir. Typically, dams are parts of the
hydroelectric complex, i.e., hydraulic structures, which are
built in a particular location for the use of water resources for
specific purposes: irrigation, hydropower, irrigation of pastures
and so on.

The type and design of the dam are determined by its size,
purpose, and the natural conditions and the main building
material. Dams differ in the type of the basic material from
which they are erected, purpose and water passing conditions.

By the purpose of use, dams are divided into storage
reservoir and water level pumping types. Water pumping dams
are built to improve the conditions of water intake from the
river, the use of water power and so on. Therefore, affluent of
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the water level of this type of dams is low. The storage dams
are characterised by a much higher altitude, which leads to
creating a large volume of the reservoir. A distinctive feature of
large storage dams is the ability to regulate the flow, small
dams, by which, for example, ponds are created, does not
regulate the flow.

As an alternative to the division of dams by theirs purposes
acts division of dams by the height of water rise: low-pressure
(depth of the water before the dam to 15 m), middle-pressure
(15-50 m), high-pressure (over 50 m).

By the type of the material, dams are divided into ground,
tabby, metal, fabric, wood, iron-tabby, gabion types. By the
way of perception of the main loads: gravity, arch, buttress,
arch-gravity.

Nowadays, potential catastrophic floods, resulting as an
outcome of dam destructions, make great concern, since they
bring huge damage. The proof of this is seen in already
occurred accidents. Dam accidents bring great damage, lead to
the loss of human and financial resources. In order to minimise
possibilities of such accidents a mathematical modelling is
used, which allows making small financial cost experiments,
which results are very close to reality.

Il. BACKGROUND

Mathematical modelling is also used in cases of accidents at
the dams, to maximise the "softening" of the aftermath.
Selection of the most appropriate model and methods for
simulating floods, caused by breakout, are very important
steps. Also one should take into account that one-dimensional
and two-dimensional models, compared to the three-
dimensional model, have limitations, such as the failure of the
first to embrace the spatial extent of the flood, from the
standpoint of flow depth, velocity, time of arrival and flood
recession, etc. Nowadays, as a result of the development of
technologies, parallel computation is also developed, which, as
it is known, allows spending less time for simulations. Thus, in
the papers [1, 2], a mathematical model of a dam break
problem is also provided and developed an improved method
for correction of the pressure, in conjunction with the volume
of fluid method and the immersed boundary, to improve
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multiphase flow calculations. TFQMR (The Transpose-Free
Quasi-Minimal Residual) algorithm [2] is used to reduce the
processing time in the Poisson equation solution.

In addition to the methods described in the papers
mentioned above, there are also many other numerical
methods for the dam break problems. So the integral
boundaries method are described in papers [3-5], front track
method in papers [6-8], the volume of fluid method [1, 2, 9,
10], the lattice Boltzmann method [11-13], the specified level
method [14- 16], the phase-field methods [17-20].

. MATHEMATICAL MODEL

Reynolds-Averaged Navier-Stokes equations form the basis
of the present mathematical model. Application of the
Boussinesq approximation leads to the following system of
equations, where for turbulence modelling the K — & model
is chosen [21]:
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i are the Cartesian

coordinate directions, P is the pressure, ¢ s the volume
fraction, p is the mixture density, p and p, are the
densities of air and water, respectively, z4 is the turbulent
viscosity, /L is the viscosity, 4 and ., are the viscosities of

air and water, respectively, k is the turbulent kinetic energy,
& is the dissipation rate, Tjj is the Reynolds stress tensor,

CﬂV C&‘l, CSZ,
C,=144, C,=1092,

where u; are the velocity components, x

Oy o, are closure coefficients:

C,=009, o, =10, o, =13.

IV. NUMERICAL ALGORITHM

For the numerical simulation of the system of equation
discussed on section 3 the SIMPLE (Semi-Implicit Method for
Pressure Linked Equations) algorithm is applied. This
algorithm was first developed by B. Spalding and S. Patankar
[25-36].

V. A SINGLE FLOODING WATER BODY IN A
SQUARE RESERVOIR

In this section, a dam break experiment described in papers
[22-24] is repeated in order to validate present simulations. The
geometry of the experiment given in figure 1 is performed as a
tank with measuring 3.22x2 m.

3.22m
Pressure inlet
Air
2m
1.2m
Water 0.6m
P
A B
i |
2.228m |
2.725m 7’

Figure 1 — The geometry of simmulation model.

58464 quadrilateral structured grids with the maximum face

size 0.002 m are used in the computational domain. A steady
time step dt = 0.001s is chosen.

Validation is done via the comparison of present water
located at
X =2.228m, x = 2.725 m, with those from the paper [22].
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Figure 2 - Comparison of the water height h1 at point A with
numerical simulation results and experimental data [22].
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Figure 3 - Comparison of the water height h2 at point B with
numerical simulation results and experimental data [22].
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Figure 4 - Comparison of the water front with numerical
simulation results and experimental data [23].
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Present pressure
Experiment[35] ===~
Total pressure result from [36]
oo | MPS[35]

t
Figure 5 — Comparison of pressure impact against downstream
wall at point P(3.22m,0.16 m) with numerical simulation

results and experimental data.
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Figure 6 - Free surface evolution.
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The time t is nondimensionalized as 7 =t /2g/hO and

h, =0.6m The comparison of the interface snapshots in

Figures 2 and 3 demonstrate good verification of the present
k — & model.

In Figures 2 and 3 the computed water heights h,,h, at the

points A and B at ten times stepping process compared to the
results from the paper [22]. The present simulation results are
in good agreement with numerical simulation results and
experimental data [22].

The time history of water front toe evolution is also
compared with the results from another research paper [23] as
shown in figure 4 and show good agreement with numerical
simulation results and experimental data. Figure 5 shows the
time history of the pressure at the point P(3.22m,0.16 m) [23,

24]. Four lines of graphs are seen in the figure show the
experimental and MPS results provided from [23], total
pressure results from [24]. Since there only a few time history
values of pressure at this point are taken, for the sake of
simplicity, given line graphs might seem not smooth enough,
but all important values of point P, i.e. its peaks, provided in
papers [23, 24] and presented simulation are taken into
account.

Overall, all results predict the two pressure peaks at about
the same time instants. The snapshots of a single flooding
water body in a square tank simulation at 6 different time
instants are shown in figure 6.

V1. IMPACT OF FLOODING FLOW ON A
RECTANGULAR OBSTACLE

In this section impact of flooding flow on a rectangular
obstacle is studied. The dimensions of the computational
domain, liquid body and the flap are shown in figure 7. The
size of the reservoir this time is 0.584 x0.584 m?. A water

body with an height h; =0.292m and width
I, =0.146 m is located on the left side of the reservoir.

170518 quadrilateral structured grids with the maximum face
size 0.002m, dt=0.001s are wused for numerical

computations.

In order to avoid repetitions in descriptions of each
numerical experiment, let’s discuss common conditions for all
of them.

As the primary phase the air at standard atmospheric
condition is chosen, whilst fresh water at T =20°C is chosen

initial

as the secondary phase. The nonslip wall condition, which
implies the fluid to stick to the wall, is set on all the boundaries
except the top one on which an opening boundary is imposed.
For the volume fraction equation, Neumann’s boundary
condition is set.
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0.146 m
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Figure 7 — The geometry of simulation model.
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Figure 8 — Impact of pressures at points P1 and P2.
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Figure 9 — Impact of pressures at points p3 and P4.

Figure 8 shows the variation of pressure at points
P1(0.292m,0.016m) and  P2(0.292m,0.032m). The

pressure peaks happen when the collapsed water column
arrives at the obstacle at about 0.13s, then the pressure

decreases to the hydrostatic pressure.

While in figure 9, the pressure jumps due to the strong
discontinuity of water jet, that is why the peaks at points
P3(0.584m,0.048m) and P4(0.584m,0.032m) repeat

many times, but their values are smaller compare to P1 and
P2.

The investigation of pressure peaks is crucial for the choice
of dam material and its sizes since at large pressure peaks a
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dam of a certain thickness and material may not withstand and
can failure.

The three snapshots of numerical simulation of a single
flooding water body in a square tank with an obstacle at
different time instants are illustrated in figure 10.
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VIl. IMPACT OF FLOODING FLOW ON A
TRAPEZOIDAL OBSTACLE

In the present section impact of flooding flow on a
trapezoidal obstacle is considered. The dimensions of the
computational domain, liquid body and the flap are shown in
figure 11. The size of the reservoir this time is
0.584%x0.584 m?. A water body with an initial height

h, =0.292 m and width l[,=0.146 m is located on the left

side of the reservoir. 170328 quadrilateral structured grids with
the maximum face size 0.002m, dt =0.001s are used for

numerical computations.

As can be seen from the comparison of tables 1 for
rectengular and trapezoidal obstacles, the shape of a dam play
one of the key roles, since pressure peaks provided in table 1
are of higher magnitude, which is explained by the increase of
an area affected by impacting water flow.

In this experiment pressure peak along the left wall of the
obstacle occurs at t =0.135s. As time goes on a small liquid
tongue forms above the obstacle and at the time approximately
t=0.35s, the jet impinges the right wall of the tank,

entrapping the area beneath it. After some fluctuations the
system comes to an equilibrium state.

Figure 12 shows three snapshots of a numerical simulation
of an impact of water flow on a trapezoidal obstacle. Figure 13
illustartes the impact of pressure by water flow on rectengular
and trapezoidal obstacles.

0.584 m
Air
0.146m
0.584m
Water 0292 m
0.024 m
0.0495 m El Y 0.0495 m
-]
-
]
A =
0.292 m

Figure 11 — The geometry of the simmulation model.

trapezoidal obstacle rectangular obstacle

t P Y (y- P Y (y-
(time, | (pressure, | coordinate, | (pressure, | coordinate,
s) Pa) m) Pa) m)

0.13 5240 0.015 6740 0.0159
0.135 5766 0.0267 7398 0.03

0.14 5585 0.0364 7141 0.04
0.145 5312 0.0456 6715 0.0459

0.15 4837 0.0459 5611 0.046
0.155 4340 0.0459

Figure 10 — Impact of a water flow on a rectangular obstacle.
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Table 1 — Pressure peaks along the left wall of the
different shape obstacles.
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Figure 12 - Impact of a water flow on a trapezoidal
obstacle.
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Figure 13 - Impact of a water flow on a rectangular and
trapezoidal obstacle, pressure fronts.

VIIl. CONCLUSION

In the present paper, the interface evolution of flooding flow
and impacts of liquid on two different shape of obstacles were
simulated using a Navier-Stokes solver with a VOF-based
interface capture scheme. The application of the k — ¢
turbulence model was also considered. Although comparisons
of experiment results with numerical simulation results and
experimental data from [22-24] show some differences,
present simulation can give reasonable results of the dam
breaking problem and can capture the principal features of the
interface evolution. So, the present numerical simulation
technigque can be applied for prediction of the hydrodynamics
of structures with water flow impact.

Based on the numerical results obtained, it can be
concluded that the building of a dam plays an important role
not only in building materials but also in the form of the dam
itself. Since, using a certain dam form, it will be possible to
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reduce the pressure created by a large volume of water on the
wall of the dam. When selecting certain forms of dam walls, it
will be possible to use not so durable building materials, which
is economically costly. In this paper, by using the numerical
simulation, the efficiency of using a dam with trapezoidal walls
is shown. When this form is used, the pressure on the walls of
the dam is 1.28 less than in the case of a rectangular wall,
which is more cost effective. In the future, when constructing
new dams, it will be possible to save, for example, on the
thickness of dam walls, building materials, etc., but at the same
time have the same endurance of dam walls as with a
rectangular shape.
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