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Abstract: This study presents the rehabilitation project for the Francis turbine runner of Kepez 1 Hydroelectric Power Plant (HEPP) in
Antalya, Turkey. The aim of rehabilitation is to increase the power and efficiency of the plant and solve the existing problems such as
cavitation. Initially, the head and flow rate of the turbine are estimated. Within the scope of this study, the design parameters which are
necessary to obtain better cavitation characteristics and higher power and efficiency, are determined and computational fluid dynamics
(CFD) is utilized to design a new runner geometry for better performance. The results of the CFD simulations are compared to the
simulation results of the existing runner geometry which was obtained from the plant and scanned using laser scanning. The results show
that cavitation characteristics and the efficiency, as well as the power of the HEPP are improved.
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1. Introduction

Francis turbines are one of the most common types of hydraulic
turbines used in hydroelectric power plants. [1, 2, 3, 4]. Kepez 1
HEPP in Antalya has an existing Francis turbine and this turbine is
redesigned and will be implemented on site as a part of a
rehabilitation project.

Rehabilitation is commonly defined as increasing the efficiency
of the power plant and the energy generation. The latter in this
manner is the most economical way of increasing the capacity of
the system [5]. The problem about the Kepez 1 HEPP originates
from its having been built with the technology of 55 years ago and
hence, its being old today. Therefore, the techniques used to design
the runner decades ago are very old and of course, state of the art
has improved incredibly in time.

There are two choices for rehabilitation projects. First of these
is resetting the turbine to the original state and the second is
upgrading the turbine components with new components optimized
using state of the art technologies. The second choice that is used in
this study, is a better solution which can increase the turbine
capacity and efficiency and prevent cavitation erosion [6,7,8].
Guide vanes and runner can be replaced easily, but the modification
of other components such as spiral case, stay vanes or draft tube is
rare [8]. The purpose of runner rehabilitation is to enhance the
operating range of the runner, as well as to improve the cavitation
limits, power and efficiency.

The flow in the runner is three-dimensional and rotational; it
can be computed only by using numerical methods because of its
complicated nature [9]. Computational Fluid Dynamics (CFD) is
the most developed flow analysis technique today. Flow
characteristics of the main components of hydro turbines, their
efficiency, tendency for cavitation, rotor-stator interactions and
working performance can be examined with CFD [5].

2. Methodology

Numerical studies for Kepez 1 HEPP are performed by using
ANSYS-CFX [10] software. The analyses are performed for three-
dimensional and steady-state flow. For blade profile, BladeGen [11]
software is used and automatic mesh generation is applied by using
Turbo Grid [12].

Blade angle and thickness of the runner, as well as the blade
design are changed in the new design. Maximum efficiency must be
obtained in the middle of the operation range of the turbine.
However, the most efficient area is outside of the operating range
for the existing turbine. Therefore, it is planned that the efficiency
area must be extended as much as possible and it must intersect
with the range of operation of the turbine. Friction losses can be
reduced and flow separation can be prevented with a smoother
blade thickness distribution. The length of the hub can also be
shortened for ease of manufacturing. The leading and trailing edges
also need to be thickened for the runner to last longer. Fig. 1 shows
the thickness distribution for the existing and newly designed
turbine runner blades. Fig. 2 shows the comparison of meridional
profiles for the two runners.
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Fig. 1 Thickness distribution of existing and new blade

YEAR X, ISSUE 9, P.P. 11-14 (2016)



INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS."

WEB ISSN 1314-507X; PRINT ISSN 1313-0226

Existing Blade e New Design

700
’g 6
£
p= 5
=
(@]
§ 40
8 300
2
(5}
> 200

100

0
-200 0 200 400 600

Horizontal Length (mm)

Fig. 2 Comparison of meridional profile of existing and new blades

The pressure gradients reverse their direction on the leading
edge of the blade resulting in loss of performance. In order to
prevent this situation, X-blade design is preferred. Negative
pressure areas in the spans near the shroud are prevented in the new
design. This decreases the Thoma numbers and provides a
cavitation-free design. The angles in the leading and trailing edges
of the blade are also changed to improve the pressure distribution
on the blade and to obtain a uniform velocity distribution
(meridional and radial velocity).

3. Results & Discussion

The design is first performed for a single runner blade and then
full turbine analyses are carried out by inserting spiral case, guide
vane and draft tube to the runner.

Analyses are performed for optimum design point (160m head,
6.1 m%s flow rate and 16.5° flow angle) and power, efficiency,
cavitation limit for every modification are examined. A hill chart
study is also performed to examine the runner performance for
various guide vane openings and flow rates. The boundary
condition at the runner inlet is set as total pressure and at the outlet
as mass flow rate for single blade analyses. k-e turbulence model is
used for all the analyses. Boundary conditions are set as total
pressure at inlet and atmospheric pressure at outlet for full turbine
computations.

Full turbine analysis is performed for the optimum point of the
designed runner and its results are compared with the existing
turbine results. Table 1 shows the comparison.

Table 1: General performance values of the existing turbine and the new
design (full turbine analysis)

Power Total Head (in-out)
(kW) Efficiency (%) (m)
Existing | g9 4 82.2 151.2
Turbine
New
Desi 9022.9 94.1 156.5
esign

The hill-chart of the designed blade, showing flow rate versus
head, is given in Fig. 3. As it is seen, the runner has a large
operational range with high efficiency.
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Fig. 3 Hill chart of the new blade

Pressure contours and velocity vectors on the blade are shown
in Fig. 4-7. There is no separation or swirl in the flow field and the
velocity vectors follow the blade throughout the runner.

Fig. 4 Pressure contours on the mid plane of the existing blade
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Fig. 5 Pressure contours on the mid plane of the new blade

Fig. 7 Velocity vectors on the mid plane of the new blade
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Thoma numbers are plotted from the analyses results to observe
the cavitation characteristics. As it is seen in Fig. 8, flow cavitates
when the existing blades are used, whereas, as Fig. 9 shows
cavitation is eliminated in the new design.
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Fig. 8 Thoma number of existing runner
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Fig. 9 Thoma number of the new runner

4. conclusion

In this paper a rehabilitation project for a specific Francis
turbine is examined by using CFD tools. The aim of design is to
enhance the operating range of the runner, obtain a cavitation free
flow and increase the power and the efficiency. According to the
results, applied methodology is a successful tool to improve the
performance of the runner.
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