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Numerical simulation of the water flow in the  
case of an emergency at the protective hydraulic engineering  

constructions 

Abstract. This paper presents numerical simulations of the water flow in the case of an emergency at the 
protective hydraulic engineering constructions. A mathematical modelfor simulation of water flow is 
based on Navier-Stokes equations derived from the conservation mass law and with phase equation. 
Numerical discretization of system of equations is done by finite volume method. System of water flow is 
solved by projection method. The phase and momentum equations are solved by Runge-Kutta method, 
and for the solution of Poisson equation the Jacobi method is applied. A program code was developed in 
C++ for numerical realization of water flow at emergency at the protective hydraulic engineering 
constructions.Numerical results are illustrated by figures. 
Key words: Navier-Stokes equations, phase equation, mathematical model, hydraulic constructions, dam 
break. 

Introduction 

Dams 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 createa reservoir. 
Typically, damsareparts 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 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 
the waterlevel of this type of dams is low. 
Storage dams differ markedly greater height, as a 
result, a large volume of the created reservoir. A 
distinctive feature of large storage dams is the 
ability to regulate the flow, small dams, by 
which, for example, ponds are created, don’t 
regulate the flow. 

As an alternative to 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. By the 
conditions of the water flow passing: deaf, which do 
not allow overflow of the water through the crest 
spillway, filter, overflow. 

Nowadays, potential catastrophic floods, 
resulting as an outcome of dam destructions, make 
great concern, since they bring big damage. The 
proof of this is seen in already occurred accidents. 
In 2010, a dam burst due to heavy rains took place 
on the Fuhe River in Jiangxi province in eastern 
China. One way or another, the disaster affected 29 
million people. In the same year, there was a dam 
break on the Indus River in southern Pakistan. Over 
895 thousand houses were destroyed, more than 2 
million hectares of agricultural land were flooded. 
More than 1,700 people died.  A year later, there 
was also a dam break, but this time, it took place on 
the Qiantang River near the city of Hangzhou in 
Zhejiang province in eastern China.Tidal wave of 
height up to 9 meters burst the dam and washed 
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away a lot of people. Catastrophe at the dams, 
unfortunately, also took place in Kazakhstan too. On 
the 11th of March2010 due to a dam break in 
Kyzylagash several villages were flooded. 43 people 
died, 300 people were injured varying degrees of 
severity, and about 1,000 people were evacuated. 
Later the same year, there was another dam burst, 
but this time on the Usek River. 2187 inhabitants 
were evacuated. After 4 years a dam break took 
place in the village Kokpekty in the Karaganda 
region. As a result, five people died, 300 houses 
were flooded, 125 people were rescued, 300 were 
evacuated. And in 2015, as a result of a 
breakthrough the moraine lake Nameless, 40000 3m  
water was spewed. The mudflow came to the dam 
on the river Kargalinka. Three districts of the city 
were partially flooded, the Nauryzbaysky region 
was badly damaged. 

As can be seen, dam accidents bring great 
damage, lead to the loss of human and financial 
resources. In order to minimize possibilities of such 
accidents a mathematical modeling is used, which 
allows to make small financial cost experiments, 
which results are very close to reality. 

With the help of mathematical modeling, as well 
as the information about the area in which an 
artificial dam is planned to be built, an appropriate 
type of dam can be selected, the desired 
specifications of the dam, such as length, height and 
width of the walls, and so on, also can be selected. 
Mathematical modeling is also used in cases of 
accidents at the dams, to maximize the "softening" 
of 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 to account that one-dimensional 
and two-dimensional models, compared tothree-
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. 
These shortcomings are well studied in [1], which 
compares two-dimensional (Shallow water 
approach) and a full three-dimensional model. The 
latest model is composed by RANS equations, 
coupled with the method of volume of fluid. 
Comparisons of experimental and numerical data 
are also provided in the paper [1]. The results also 
show the superiority of the full three-dimensional 
model compared to the Shallow water approach. 

Nowadays, as a result of development of 
technologies, parallel computation is also 

developed, which, as it is known, allows to spend 
less time for calculations. Thus, in [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 
methods of volume of the liquid and the immersed 
boundary, to improve calculations of multiphase 
flow. TFQMR method is used to reduce the 
processing time in the solution of the Poisson 
equation. 

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 method of integral boundaries are described in 
[3-5], method front track [6-8], the method of 
volume fluid [1, 2, 9, 10],the lattice Boltzmann 
method [11-13], the method the specified level [14- 
16],  the phase-field methods [17-19]. 

 
Statement of the problem 
 
The Navier-Stokes equations, derived from the 

law of conservation of mass, as well as the phase 
equation compose a mathematical model for the 
numerical simulation of water flow. 
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whereu – the velocity vector, t – time, p – the 
pressure,  – the dynamic viscosity,  -the 
density. 

    Nondimensionalization of the system of 
equations (1) will be held as follows:
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By substituting dimensionless quantities (2) into 

the initial system of equations (1) and discarding the 
strokes,we get a mathematical model for the two-
phase flow: 
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        (3) 

 
where μ – the dynamic viscosity, ρ – the density, 1  
– the dynamic viscosity of the air, μ2 – the dynamic 
viscosity of the water,  ρ1 – the density of the air, ρ2 

– the  density of the water, 
2

2 U
Fr

gL
  – the Froude 

number, Re
UL UL

 
   – the Reynolds number 

 
Numerical algorithm 
 
The splitting scheme of physical parameters is 

used for the numerical solution of the system (3) 
[20, 21]. In the first step, it is assumed that the 
transfer of momentum carried out only by 
convection and diffusion. The intermediate velocity 
field is computed using the Runge-Kutta method. In  
 

the second stage, the pressure field is calculated via 
the found intermediate velocity field. The Poisson 
equation for the pressure field is solved by the 
Jacobi method. In the third step, it is assumed that 
the transfer is carried out only by the pressure 
gradient. In the fourth phase, the phase equation is 
solved numerically by the Runge-Kutta method. 
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After all these four steps the density and the 

viscosity are calculated by formulas given the 
mathematical model. 

 
Results of the numerical simulation 
 
A domain with size of 3 to 1 is used for the 

numerical simulation of the two-dimensional system 
of equations. The number of cells is more than 
50000. The height of the water level at the 
beginning is 0.6, the length is 1.1, the height of the 
dam is 0.1,  Fr = 2, Re = 1000. 

 

 
Figure 1 – The diagram of the boundary and initial conditions. 
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a)                                                                             d) 

 
 

b)                                                                            e) 

 
 

c)                                                                            f) 

 
 

Figure 2 – Movement of the fluid flow with an obstacle in the form of a dam. 
 
 

The boundary and initial conditions are set as 
shown in Figure 1 for the physical variables: the 
phase and velocity components. Figure 2 shows the 
stages of water motion pictures. Thus, at the initial 
time (t = 0), there is some water, which occupies the 
area of a rectangle with a height of 0.6 and 1.1 in 
length, enclosed by a glass wall on the right side. 
Further, the enclosure is removed, and the water 
movement begins in the direction of the dam. So at 
the picture b) at t = 0.1 water has not yet reached the 
dam.Further, after reaching  the dam, provided that 
the water does not come in a stationary position, its 
movement is continued, and it starts to bend around 
an obstacle, in this case, the dam, as illustrated in 
Figures b) -f). Initially in this experiment a large 
amount of water is  taken, that  covers an area larger 
than the area of the reservoir, causing the reason 
why water goes around and bends the dam,  which  
indicates that the  height of the protective hydraulic 
engineering construction  is not high enough to stop 
the water flow. 

 
Conclusion 
 
In carrying out this work, a two-phase 

mathematical model of fluid movement, based on 
the full two-dimensional Navier-Stokes equations 
and Kahn-Hilliard equation was numerically 
implemented. This mathematical model can be 

applied in the construction of new hydraulic 
structures, as well as in predicting of emergencies at 
already existing dams. 

According to the obtained via the numerical 
studies data, one can say that in the construction of 
hydraulic structures one needs to take into account 
inadvance many factors such as the characteristics 
of the area and the characteristics of the dam in 
order to minimize the possibility of accidents in the 
future. 
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