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Abstract

Nowadays great interest of renewable energy production systems since last few years. The renewable
energy sources such as a hydro, solar and wind have been rapidly growing, especially the hydropower energy
due to the increasing of predicted scarcity of fossil fuels and the environmental issues. Kaplan turbine is a
reaction type of hydropower which is one of the primary sources of renewable energy. In this study, the aim
of this work is to design and performance investigation of a Kaplan turbine runner for determining the power
output and efficiency based on different configurations of turbine wheel. The main characteristics of a micro
Kaplan turbine primary proposed design configurations was performed to increase the use of renewable
power in rural areas and reduce the dependence on fossil fuels. The computational fluids dynamics (CFD)
was used to simulate the proposed design for further analysed and improve both the power output and
efficiency using ANSYS CFX17.1.The performance of a micro Kaplan turbine has been predicted such as
power output and efficiency. Furthermore, the effect of blades number showed a significant influence on the
turbine’s power output and efficiency. Generally, improvement of proposed design configurations are
presented for understanding the flow field in a Kaplan turbine runner.
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1. Introduction

Hydropower is a green, clear, and sustainable source of renewable energy that produces cheaper
electricity and lowers emissions it is generated mainly from hydroelectric dams. The most primarily available
renewable power source and most efficient of hydropower to produce electricity because of its high energy
[1]. Install of hydraulic turbines have to be suitable in the hydroelectric power plants, depending on the
discharge of the site and head, In order to obtain greater efficiency and power output. Commonly the
hydraulic turbines available categorised into two type’s impulse and reaction turbines. The reaction hydraulic
turbine in which of some of amount available hydraulic energy of water was converted into kinetic energy
before it reaches to the runner of the turbine. While in case of all hydraulic energy converted into kinetic
energy before the water strikes on the runner of the turbine was called impulse turbine, table 1 show that the
properties of different turbine types [2].

Table 1 Classification of the turbines

Type Head Flow Rate Specific Speed
Pelton Turbine High Low Low
Francis Turbine Medium Medium Medium
Kaplan Turbine Low High High
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Figure 1 shows the low head hydropower plant of Kaplan turbine that the water comes through scroll
casing into guide vanes in the radial direction in which the flow make a right angle turn and axially enters
the runner. Kaplan turbine is applicable for a low head range of (2-4) m [3].
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Figure 1 Low head hydropower plant.

Generally, the hydropower schemes classified to cover abroad range of power output as in table 2.
Pico hydro scheme is a smallest scale may not require any damming and require water as run of river which
generate no more than a few kilowatts. Supply high levels of demand Greater amount of power generation
connected to the grid require a larger scale of turbine which it require damming to regulate the water flow
and create storage capacity [4].

Table 2 Power output classification of hydropower scheme

Classification Power output
large >100 MW
medium 10-100 MW
small 1-10 MW
mini 100kw-1 MW
Micro 5-100 KW
Pico <5 KW

Development of design method numerically was presented for axial hydraulic turbine with very low
head and validated with experimental data. The results show that the hydraulic efficiency was affected by
rotational turbine speed and runner blade angle [5].Computer aided flow visualization was used to study the
Cavitation Phenomena on the Kaplan runner blade for a modified turbine. Results showed that cavitation
phenomena was reduced, power output and performance were increased for the modified Kaplan turbine [6].
Development of new software applied for feasibility studies of a micro hydraulic turbine performance in
Cameroon. The application of that software for a micro hydro power plant was successfully to estimate the
demand of power [7].

Many publications in last years dedicated on hydropower plants because of easy to design and
minimum cost for fabrication turbines [8].In rural and hilly areas the power generation has a rapid growth of
hydro power turbines thus its connect to a grid supply as a demand requirements for different load [9,
10].Therefore, the Hydropower turbines require further study to achieve highest power and efficiency. Hence,
it is important to optimize the runner blade design to extract more water energy for improving power
generation [11]. Nowadays, development of producing electricity by using hydropower plant the most
suitable in rural area, it is effective and cheap [12]. Computational fluid dynamic was used to simulate the
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flow on blade of a hydro turbine, the results showed the efficiency was affected by pressure distribution on
blade turbine [13, 14]. Suitable hydro turbine was designated depending on non dimensional design
parameters [15].

In this paper, the design of a micro hydraulic turbine was made to work in a small amount of power
to provide energy for a number of houses. Numerical investigation characteristics of flow through low head
Kaplan turbine runner was carried out to predict and improve the overall performance of a mini hydro turbine.

2. Specifications & Design

The supposed main geometry dimensions of the micro Kaplan turbine types for different blade number
are given in Table 3. Figures 2 shows the design geometry was created using (ANSYS BladeGen) The
variation of the beta angle () along the runner was established by a spline curve for every layer (hub, mid,
and shroud) that can be configured and modified in the program .The blade profile chosen for runner was a
general NACA (National Advisory Committee for Aeronautics) profile. The turbine studied was an axial
turbine without inlet guide vane stage model. The CFD computations for the design were performed on the
geometries. Initial Graphics Exchange Specification (IGES) parts, were defined via ANSY'S BladeGen for
all geometry surfaces such as inlet, exit, and periodic boundaries.

Table 3: Axial Kaplan Turbine Features by ANSYS BladeGen.

Radial Turbine Dimensions Runner
Inner Radius 112.5 mm
Outer Radius 450 mm
Shroud Tip Clearance (% span) 95%

3 Blades 4 Blades 5 Blades

Figure 2: Types of micro kaplan turbine runner
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3. Methodology of Computational Fluid Dynamic
3.1 Mesh Generation

Numerical study was carried out to simulate the extracted fluid domain with the blade in the middle
for runner passage by using computational fluid dynamics Software (ANSYS CFX 17.1). The finite element
hexahedral mesh was generated on the runner blade surface mesh and it’s consisted of eight nodes. The
structured hexahedral elements for computational grid Runner blade passage were generated using ANSYS
Turbogrid in multi-block environment. Sufficient fine mesh were created around the runner blade, clearance

tip, shroud, and hub walls with acceptable limits of mesh angle, Table 3 shows the mesh data of water for
runner passage.

Table 3 Mesh Data of Water

No. of Blades No. of Nodes No. of Elements
3 672706 637316
4 622668 588802
5 599831 566748

The accuracy of solution and convergence depends on grid size, initially a coarse mesh was used to
study the boundary conditions and solver settings. In general, the finer mesh size is a compromise between
the accuracy and computational time of results. Hence, a study of grid independence test was carried out to
ensure the accuracy of numerical solution. Therefore, a fine element size was reported in this paper for the
computational fluid dynamic solutions, figure 3 shows the computational domain with surface grid.

3 Blades 4 Blades 5 Blades

Figure 3: Computational domain with surface grid
3.2 Fluid Flow Modelling

The performance prediction of the designed axial Kaplan turbine runner blade configurations has been
analysed using 3D flow, steady numerical simulations, and k-o-SST turbulence model of the full water
passage. The flow domain of fluid includes the stationary parts (inlet, outlet, and shroud), the rotating parts
(hub and runner blade) and the periodic parts are defined for the right and left boundaries as in figure 4 shows
the computational flow as in meridional plane and fluid domain. The flow rate was applied to inlet boundary
condition and the static pressure was applied to outlet boundary condition.
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(a) Meridional Plane (b) Flow Domain

Figure 4 Computational fluid flow domain

4. Results and Discussion

The axial flow Kaplan turbine performance has been discussed in detail to identify the optimum
design. The results of performance parameters were assessed for different design such as blade number, flow
rate, and turbine speed. The numerical results compared with other researchers experimental results. There
is very good agreement of the computed results with available literatures results. Convergence of the
simulation is assumed when the residuals of mass, momentum and turbulence reaches to less than 1 x 10 -5
.The performance prediction has been computed at constant dimensions of different axial Kaplan turbines
runner with variable flow rate. Figure 5 shows that the output power increase with increasing the flow rate at
constant rotational speed (300 rpm) for different blade number of Kaplan turbine runner, the highest output
power values can be seen for 5 and 4 blade runner turbine and smallest values for 3 blade runner turbine
.Figure 6 shows the comparison of turbine efficiency curves with flow rate for different blade number. The
efficiency of the runner turbine increases as seen the high efficiency for 3 blade runner turbine due higher
loss pressure. The computational results shows that the optimum turbine efficiency and output power are
obtained for 4 blade turbine runner.
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Figure 5 Output power of hydro turbine with various flow rate for different blade number

100 -

95 3

;\o\ 85; /

E 805

5 15

2 70

W 65
60 ' —A—>5 Blade
95 3 —o—4 Blade
50:'"'I""I'"'I""I""I_'_'S'bliidle""

24 2.6 2.8 3 3.2 3.4 3.6 3.8

Flow rate (m3/s)

Figure 6 Efficiency of hydro turbine with various flow rate for different blade number

Figure 7 shows the runner blade loading throughout the runner passage at 20 % and 50 % for each
design. In order to study blade loading nearby trailing edge to ensure that the flow direction not forced
reverse. The reverse direction flow can be seen at trailing edge due to the pressure on the pressure surface
becomes smaller than that on suction surface. Therefore, the reversal flow can be avoided in design of runner
blade to reduce the losses turbine performance.
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(a) Five blades
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Figure 7 Runner blade pressure loading
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Figures 8, 9, and 10 show the pressure and velocity vectors contour at constant span 50 % for the
runner turbine 3, 4, and 5 blade as an example of computational fluid dynamic results. At the design point no
separation flow can be seen which a major source of losses. The velocity vectors of fluid flow through the
runner turbine blade passage becomes uniform and normal behaviour. It is clearly seen that there was some
of backflow vortex at leading edge and trailing edge of blade at suction surface for different configuration of
turbine blade which was important factor to modify the design in order to optimise the blade geometry. In
addition, the effect of pressure contours formation on the mid span runner blade at suction surface indicates
negative pressure values at trailing edge of the runner blade due to dynamic action of the blade for all
designed types. Cavitation take place when the vapour pressure higher than local static pressure, it can be
seen an occurrence of cavitation in contours plot.
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Figure 8 Pressure and velocity contour for 5 blade runner turbine
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Figure 9 Pressure and velocity contour for 4 blade runner turbine
P
200000
P 100000
200000 0
1a0000 -100000
-100000 200000
-300000
-200000
200000 400000
400000 -500000
500000 600000
600000 -700000
700000 -800000
-800000 -300000
-800000 -1000000
1000000 -1100000
-1100000 -1200000
-1200000 1300000
-1300000
3|
[Pa] el
Velocity
Velocity
m sh-1
[ms*1] L !

Figure 10 Pressure and velocity contour for 3 blade runner turbine
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5. Conclusions

Global energy demand would be significantly increased on hydropower as a source of renewable
energy to reduce the fossil fuels which has impact on the environment. Any hydropower requires more and
more development of turbine design which is the most significant part of hydro plant, in order to study the
hydrodynamic of water flows behavior. These days emerging computational fluid dynamics codes are widely
being used to make design of turbine a step ahead to predict the output power, efficiency and performance
parameters. This study presented interesting and important numerical results of hydraulics flow within a
turbine runner under different blade number. Achievement wide ranges of output power and efficiency were
in the 4 blade case, hence it is recommended. The slightly highest efficiency and smallest output power were
in the 3 blade case, the efficiency in 5 blade case was slightly lower than that of 4 blade case due to when
blade number increased leads to increase the friction. However, increasing number of blades is always not
possible and there should be a maximum possible number of blades for a particular size of a runner. The
numerical results show the distribution pattern for pressure and velocity contours variation plots between hub
to shroud, power output and efficiency affected by the flow rate. Hence, it is concluded that the numerical
codes method can be used to optimize the design parameters with less time and low cost in order to study the
flow regime within turbine runner. Finally, the performance of a Kaplan hydraulic turbine has been predicted
by numerical simulation with minimum time and money.
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