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Abstract
Cavitation phenomenon is one of the most important phenomena that can occur in pumps and turbines. This

phenomenon is undesirable and harmful in turbines and pumps, as it causes material erosion, reduction in turbo-
machine efficiency, and generation of unwanted noise and vibrations. Therefore, designers and operators of turbines
and pumps strive to avoid the occurrence of cavitation. The occurrence of this phenomenon in turbines and pumps
can take various forms. In this paper, the occurrence of cavitation in a Francis turbine is studied, using the
computational fluid dynamics software OpenFOAM. The Q criterion is also used to observe the vapor volume
fraction. Validation is performed using existing experimental work. The results indicate that increasing the suction
head of the Francis turbine intensifies cavitation and leads to a decrease in its efficiency. Additionally, increasing
the mass flow rate of the Francis turbine up to 22 cubic meters per second reduces cavitation, but beyond this value,

cavitation increases.
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Introduction
The Francis turbine is one of the types of water turbines that are used to convert the hydraulic energy of water into

electrical energy. The Francis turbine has been used since the beginning of the 20th century as one of the main
hydro turbines to produce electrical energy. These turbines consist of a rotating disk in a spherical shape and blades
in a complex shape that turn the water's energy into mechanical energy. Then this mechanical energy is converted
into electrical energy by a generator. Francis turbine is known as one of the best methods of producing clean and
sustainable energy due to its efficiency and wide application. The positive features of the Francis turbine include
high efficiency, adjustable speed and output power, long life and low maintenance. These turbines are used for dams
and hydropower plants, especially in areas with abundant water resources. Also, Francis turbine is used to produce
electric energy during peak hours and off-peak hours due to the ability to adjust the output power. Due to the
increasing need for clean and sustainable energy around the world, the use of Francis turbines has been proposed as
one of the effective solutions in producing clean and sustainable energy. On the other hand, new technologies in the
field of designing and manufacturing Francis turbines have improved the efficiency and reduced the installation and
maintenance costs of these turbines. In general, the Francis turbine is known as one of the most advanced and
efficient hydro turbines, which plays an important role in producing clean and sustainable energy. Therefore, the use
of these turbines in water projects and electric power plants can help improve the environment and reduce
dependence on polluting energy sources [1-4]. Several researches have been carried out in the field of cavitation in
Francis turbines. The geometrical specifications of the model used in this paper were selected based on the work of
Zhang et al [5]. The number of blades and the dimensions and sizes have been selected based on this article. In this
research, Salome software is used to create geometry as shown in "Figure 1". Using a time step equal to one
propeller revolution and a rotation speed of 600 rpm to determine the time step is a common method for simulating
rotating machinery. The computational grid of the turbine is also generated using Salome, including spiral casing
and runner with 3,500,000 elements shown in "Figure 2". In order to reduce computational costs in the current work,

other parts of the Francis turbine are omitted.

a8




12 4 wemtiont conferenceon SETUN [FSTRpRE v X geere Y
Z@\\ Mechanical Engineering,
Materials and Metallurgy

Y™ 12th Intemational Conference On Mechanical Engineering, Materials and Metallurgy
1A

PUBLISH IN JOURNALS — WP olo asdl

Figure (1) Modeled Francis turbine

(@) runner (b) draft tube

Figure (2) Mesh of components

Governing equations
This paper presents using OpenFOAM code to simulate the cavitating turbulent flow in the Francis turbine.
The k — w SST turbulence model for the Reynolds-averaged Navier-Stokes equations (RANS equations) is

employed in OpenFOAM as written:

ak . a dK (1)
Uiai = P —PFkw+ % [(v+ UkUT)a_X]_]
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The parameters appearing in these equations are:

P.= min{'cii%. 106" kw) (4)
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The constants used here are:
B* = 0.09,B = 0.075, oy, = 0.85034, 0y, = 1.0,0,; = 0.5,0,,, = 0.856

Results and discussions

In the current work, the sample line is used to show the changes in the volume fraction of water vapor on the blade
as shown in "Figure 3". The changes of water vapor volume fraction along the sampling line for different types of
Francis turbine suction heads are shown in "Figure 4". From "Figure 5", it can be seen that by increasing the suction
head up to 150 meters, the cavitation rate increases and causes several areas of steam to appear on the trailing edge
of the Francis turbine blades. Contours of pressure changes for different types of suction heads are shown in "Figure
6". Based on this figure, it can be seen that by increasing the suction head, the pressure distribution in the throat of

the pipe decreases, which is prone to increase the possibility of cavitation.

Sample Line

I\

Figure (3) Sampling line for extraction of water vapor volume fraction changes



12 4 wemtiont conferenceon SETUN [FSTRpRE v X geere Y
&\ Mechanical Engineering,
Materials and Metallurgy

I Conf

12th|

ical Engineering, ials and Metallurgy
1A

PUBLISH IN JOURNALS — WP olo asdl

1
5
2 o
=08 ction Head jof 150 m
- = Suction Head [of120.m x
i " /.
3 ction Head of 100 m- |-
S 0.6 yi
= of
o /
<
= 04
) e
£
E 0.2 / i — =
= / ¥y
o
Ler

£ Ea i mmm—
= o =
=)
-

0.2

-10 0 10 20 30 40 S0 60
Sampling Line (cm)

Figure (4) Changes of water vapor volume fraction along the sampling line for
different types of Francis turbine head suction
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Figure (5) Contours of water vapor volume fraction changes for different suction heads
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Figure (6) Pressure distribution in draft tube for different suction heads

In the following, the effect of flow rate on the occurrence of cavitation phenomenon has been investigated. With the
gradual increase of the flow rate up to 22 m¥/s at a pressure equivalent to constant head, the rate of growth of water
vapor bubbles in the blades and tube draft decreases, but this decrease in bubble growth stops after the flow rate of
22 md/s and it starts to increase. The changes of water vapor volume fraction along the sampling line for various
flow rates in the Francis turbine are shown in "Figure 7" and the contours of water vapor volume fraction changes
for various flow rates are shown in "Figure 8". In the following, the pressure distribution in the draft tube, has been
investigated. "Figure 9" shows the pressure distribution in the draft tube. From this figure, it can be seen that with
the increase in flow rate, the pressure increases significantly, which consequently causes a decrease in cavitation.
But as it is clear from this figure, at a flow rate of 22 cubic meters per second, the pressure distribution decreases,
this means an increase in the possibility of cavitation phenomenon, and the Francis turbine should be optimized in
its operating conditions.
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Figure (7) Changes of water vapor volume fraction along the sampling line for

various flow rates in the Francis turbine
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Figure (8) Contours of water vapor volume fraction changes for various flow rates
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Figure (9) Pressure distribution in draft tube for different flow rates

Concluding remarks

In this paper, the effect of parameters such as suction head and flow rate on the volume fraction of water vapor in
cavitation-prone areas was evaluated. The results show that with the increase in the suction head of the Francis
turbine, cavitation intensifies and causes a decrease in the efficiency of the Francis turbine. It was also observed that
by increasing the flow rate of the Francis turbine, cavitation decreases up to 22 cubic meters per second, but after
this value, cavitation increases, which can cause the loss of efficiency in the Francis turbine.
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