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Abstract— The renewable energy sources such as hydro, solar 

and wind has been rapidly growing over the last few decades 

due to the increasing environmental issues and problem fossil 

fuels. Among the renewable energy sources, hydropower 

generation is one of the primary sources. Hydropower 

turbines are in two types as impulse and reaction where 

Kaplan turbine is a reaction type which was invented in 1913. 

Kaplan Turbines are often installed in large rivers. It is most 

suitable for large flow and low head situations. The head 

experienced from the Kaplan Turbine can range anywhere 

from 1.5 meters to over 50 meters. The Kaplan turbine 

operates most efficiently between heads of 1.5 meters and 15 

meters. Over 15 meters, the efficiency of the turbine will start 

to decrease. Kaplan turbine is vertically oriented, axial flow 

turbine. We work on this Kaplan Turbine, this is design for 

1.5m head. Design of this project is done on CATIA 

Software. Generally, all part of this turbine made of stainless 

steel because most of the parts will be in continuous contact 

with water and they have to be corrosion resistance. Analysis 

of various parts is done using ansys Software. We will try to 

improve the efficiency of this turbine by changing the inlet 

and outlet angle also flow of water. It is very useful in future, 

to understand the concept of reaction turbine each and every 

student also it is useful to implement in low head water dam.    

Keywords: Shaft, Hub or Boss, vanes, Guide vanes, Casing 

etc. 

I. INTRODUCTION 

Kaplan Turbine is reaction type turbine. This hydraulic 

(water) turbines are the machines which convert the water 

energy (Hydro-power) into Mechanical energy. The water 

energy may be either in the form of potential energy as we 

find in dams, reservoirs, or in the form of kinetic energy in 

flowing water. The shaft of the turbine directly coupled to the 

electric generator which converts mechanical energy in to 

electrical energy. This is known as "Hydro-Electric power". 

The Kaplan Turbine is a propeller Turbine which has 

adjustable blades. It was developed in 1913 by Austrian 

professor Viktor Kaplan, who combined automatically 

adjusted propeller blades with automatically adjusted wicket 

gates to achieve efficiency over a wide range of flow and 

water level. 

The Kaplan turbine is a reaction type which is 

suitable for low pressure hydropower plants and can be used 

with big discharges. The Kaplan runner, similar to the Francis 

runner, also should be submerged in the water for proper 

operation. The runner vanes are 3 to 6 in number (up to 8) 

made up of stainless steel. These vanes are adjustable and can 

be rotated about it pivots fixed to the hub of runner. These 

vanes are adjusted automatically by governor mechanism 

according to load on turbine. Due to proper adjustment of 

runner vanes during the running of turbine, Kaplan turbine 

gives the high efficiency over wide range of turbine load 

condition. 

 
Fig. 1: Mechanism of Kaplan Turbine 

Kaplan turbine has a vertical shaft which is enlarged 

at the bottom in the shape of propeller called Hub or Boss. 

The vanes are fixed on the hub which acts as the runner of 

Kaplan turbine. A Kaplan turbine with adjustable runner 

blades and adjustable guide vanes is double regulated while 

one with only adjustable runner blades is single regulated. 

The application of Kaplan turbines are from a head of 1.5m 

to 40m. The advantage of the double regulated turbines is that 

they can be used in a wider field. The double regulated 

Kaplan turbines can work between 15% and 100% of the 

maximum design discharge single regulated turbines, 

however, can only work between 30% and 100% of the 

maximum design discharge. 

II. LITERATURE REVIEW 

Sasidhar Gurugubelli et al. [1] In this paper study of the 

fabrication of mini Kaplan turbine parts and problems arise 

during the installation of turbine. Maintenance of turbine is 

major problem to avoid erosion since the moving parts 

involved in the design. In order to avoid this painted it with 

corrosive resistance paints. It is necessary to empty the tank 

and fill it with fresh water for at least once in a week. Since 

if the water contains solid impurities it will clogs at the pipe 

fittings. It is very important to place good supports in order to 

decrease the vibrations produce by pump and turbine shaft. 

Karthik A.S et al [2] we see in this paper as we go 

on increasing the number of Blades the force acting on the 

Blades reduces. But the material cost increases with 

increasing number of Blades. 

K. Amiri et al [3] The effect of the load variations 

on the pressure fluctuations exerted on the rotating parts and 

the draft tube of a Kaplan turbine model was investigated. 

Different load acceptance and load rejections were 

investigated while the turbine operated under off-cam mode. 
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III. DESIGN OF TURBINE PART 

A. Thickness of Blade Sections 

 
Fig. 2: Blade Section 

It is assumed that resultant force acts on the tip of the blade 

and not on the centre of pressure of the blade. A safety factor 

of 1.5 is considered, so the blade does not fail in bending. To 

calculate the thickness using bending stress, following 

equation is used: 

y =√(
6∗𝐹𝑟∗𝑧

ℎ∗σbpermisible 
) 

Where, 

σbpermisible = Allowable stress 

            y = Blade Thickness 

           z = Distance between tip of the blade and top of the 

section of the blade 

σbpermisible = 
σ𝑦𝑖𝑒𝑙𝑑

𝐹𝑂𝑆
=

250

1.5
=166.66 N/m2 

Ri=R1=Hub radius= 35mm 

Re=length of blade= 70mm 

Radial force 

                     Fr =√(Ft
2+Fa

2) 

Where, 

Ft=Tangential Force (N) 

Fa=Axial Force (N) 

Tangential Force, 

                      Ft= (
𝑃

2∗𝜋∗𝑁∗𝑍∗𝑟𝑐𝑝
) 

Where, 

           N=Rotational speed(rpm) 

           Z=Number of Blade 

          rcp=Radius of the center of pressure(mm) 

Center of pressure is a point on the blade on blade 

on which the entire resultant force can be assumed to be acted. 

rcp=√(Re
2+Ri

2/(2)) 

rcp=√(0.070)2+(0.0352)2/(2) 

rcp=0.055 m. 

                  Ft= 
554

2∗𝜋∗265.71∗5∗0.0553
 

                  Ft= 461.618 N 

Axial Force, 

                  Fa=𝜌*g*H*Ab 

Where, 

Ab=Area of Blade 

                 Ab=(π*α*(Re
2-Ri

2))/(360) 

                 Ab=π*45*1.5*(0.0702-0.0352) 

                 Ab=0.036 N. 

                  Fa=𝜌*g*H*Ab 

                           Fa=9810*1.5*0.036 

                  Fa=54.07 N. 

Radial force 

                   Fr =√(Ft
2+Fa

2) 

                   Fr=√(461.618)2+(54.07)2 

                   Fr=464.77 N. 

Thickness of Blade, 

                   y =√(
6∗𝐹𝑟∗𝑧

ℎ∗σbpermisible 
) 

                   y=√(
6∗464.77∗0.070

0.060∗166.66
) 

                   y=√(28.54) 

                   y=5.6 mm. 

                   y=6 mm. 

IV. STATIC ANALYSIS OF BLADE USING ANSYS 

Using ANSYS Software, first we get three material, 

aluminium cast iron and steel. After the ANSYS work and 

properties of material we get better material which is steel.    

A. Loads and Supports Applied on Blade: 

 Fixed type constraint applied to the flange holes, which 

imposes values to the translations and rotation to selected 

entities. 

 Axial and Tangential forces are acting on the surface of 

the Blade. 

 Standard Earth gravity is applied  

 
Fig. 3: Meshing of Blades 

B. Stresses and Deflection of Blades 

 
Fig. 4: Deflection in Blades 
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Fig. 5 Equivalent Stress in Blades 

1) Kaplan Blade Summary 

Blade Material Strain Stress Deflection 

Steel 0.0000702 12.056 0.018353 

Cast iron 0.0000731 12.948 0.019042 

Aluminium 0.0000722 12.825 0.018897 

Table 1: Result analysis 

Where, deflection is in mm and stress is in N/mm2    

V. FABRICATION OF KAPLAN TURBINE 

This is the small scale reaction turbine. While the installation 

of a Kaplan turbine we have taken 0.5 HP single phase 

centrifugal pump. Also we have used the sump tank 

fabricated by galvanized iron sheet. The pen stock 

arrangement is made by connecting PVC pipe from pump to 

the inlet of the spiral casing. The casing is also provided with 

blade control mechanism to control the flow rate by changing 

the angle of wicket gates arrangement. We have taken 

separate casings for the pump and turbine set up. The runner 

blades are mounted to the hub by CO2 gas welding. This shaft 

arrangement is supported by ball bearings. As it is made up 

of metal it will easily corrodes when there is no proper 

maintenance. In order to avoid this we painted it with 

corrosive resistance paints. It is necessary to empty the tank 

and fill it with fresh water for at least once in a week. Since 

if the water contains solid impurities it will clogs at the pipe 

fittings. It is very important to place good supports in order to 

decrease the vibrations produce by pump and turbine shaft. It 

is very important to place good supports for reducing 

vibrations produced by pump and turbine shaft. 

VI. CONCLUSION 

The lot of hydro energy wasting due to absence of low head 

based power producing turbine in India. In this project we 

discussed the fabrication of mini Kaplan turbine parts and 

problems arise during the installation of turbine. Maintenance 

of turbine is major problem to avoid erosion since the moving 

parts involved in the design. Hence from the literature, this 

study also discussed the proper material selection and some 

important parameters which affect the turbine erosion and its 

smooth running. As it is made up of metal it will easily 

corrodes when there is no proper maintenance. In order to 

avoid this we painted it with corrosive resistance paints. Since 

if the water contains solid impurities it will clogs at the pipe 

fittings. After successful implementation we conduct the test 

on this instrument and get the efficiency ranges 50-80% 

according applied load. 
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