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Modeling, Simulation, and Fabrication of Micro 
Kaplan Turbine 

 
Farid Ullah Khan, Wahad Ur Rahman and Muhammad Masood Ahmad 

 
ABSTRACT: This work presents modeling, simulation, and fabrication of a micro Kaplan turbine for low head, water channel 
applications. To predict the optimal design parameters of the turbine, analytical modeling and simulations are performed. 
Furthermore, the dependence of generated power at different features of the Kaplan turbine is also investigated. The simulations 
reveal that the turbine runner diameter, spiral casing, and draft tube dimensions vary with the variation in head and discharge. 
With the devised analytical model and simulation results, a Kaplan turbine is designed for a water channel conditions (discharge 
of 0.35 m

3
/s and head of 2 m) and is predicted to produce an estimated power of 5.8 kW. Based on the simulations, a micro 

Kaplan turbine is also fabricated having a runner of 34 cm diameter with four numbers of runner’s blades and ten guide vanes. 
Moreover, the developed Kaplan turbine is temporarily installed on a water channel site and it successfully generated acceptable 
power levels from the low head condition of 0.92 m. 
 
Index Terms: Hydel, Kaplan turbine, Low head, Micro, Modeling, Power generation, Simulation. 

———————————————————— 

 
1. INTRODUCTION 
Power production is presumed to be the lifeline of a country’s 
economy and is usually the most important resource that is 
required for the development and progress of the country. A 
country’s development depends on its power generation 
capabilities and a country cannot progress without substantial 
power production. In the last decade due to the increased 
urbanization, population growth, and swift industrial 
development, the demand for power production has 
enormously enhanced. With proper utilization of renewable 
and non-renewable energies, such as wind, hydel, solar, 
thermal, and nuclear, the power requirements and demands 
in any country can be easily met. However, due to the 
geographical location, some of these energies are limited for 
utilization.  
 
Solar energy is usually available for a limited period of a day 
and moreover, cannot be harnessed in a cloudy and rainy 
weather conditions. Similarly, power production from wind 
energy very much depends upon the yearly wind situation in 
the country and furthermore has a dependency on the climate 
of the area. The power production associated with thermal 
(fossil fuel) and nuclear energies is now highly discouraged 
due to its drastic effect on the environment and is much 
responsible for different harmful diseases that are produced in 
human beings. However, in contrast, the hydel energy is 
regarded as more ideal source of energy for power production 
and worldwide the most reliable and popular way of power 
generation. Hydel energy is a renewable energy which is 
contained in flowing(river, stream, channel), moving (ocean 

tides) and stored (dam) water. The flowing water has the 
kinetic energy and falling (stored) water that has the potential 
energy is normally converted into useful electrical energy with 
the help of hydro-turbine units. Over the hundred years, 
several hydro turbines have been invented and produced for 
the conversion of hydel energy to mechanical energy. Table 1 
shows the variety of hydro turbines developed and are 
operational worldwide. Usually, the hydro turbines are 
categorized on the basis of hydraulic action (principle of 
operation), the direction of water flow (in the turbine), the 
orientation of the turbine’s shaft, the magnitude of the 
available head, and the turbine’s specific speed. On the basis 
of feasibility of natural location, availability of the amount 
(head and discharge) of water, and development of 
infrastructure (dam), a specific type and size of a turbine is 
selected, manufactured, and is installed. 
 
On the basis of power production abilities, hydro turbines are 
classified into five main types as listed in Table 2. When the 
power production capability of the hydro turbine is above 50 
MW, it is classified as large hydro turbine, the power 
production of the medium turbine is in the range from 10 to 50 
MW, turbine generating power in the range from 1 to 10 MW 
are small type hydro turbine units, those which produce power 
from 100 kW to 1 MW are categorized as mini turbine, 
whereas, the turbines which have the ability to produce power 
levels less than 100 kW are classified into micro-hydro 
turbines.  
 
Among these types of hydro turbines, the mini and micro 
types have gained huge interest in recent years due to the 
less requirement of the civil infrastructure associated with 
these. Moreover, it has also been experienced that building a 
large-scale hydropower plant is not only a momentous task 
financially, but also it has a great effect on the environment 
and population. Comparatively, on the other hand, small, mini, 
and micro-hydro plants have the tendency to be installed over 
a penstock connected directly to the upstream river or canal. 
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Table 1: General classification of hydro turbines 

 
 
 
 

Hydraulic action 

Impulse turbine 

Pelton wheel 

Girard turbine 

Banki turbine 

Jonval turbine 

Reaction turbine 

Francis turbine 

Kaplan turbine 

Propeller turbine 

Thomson turbine 

 
 

Direction of flow of 
water 

Tangential flow 
turbine 

Pelton wheel 
turbine 

Radial flow 
turbine 

Old Francis 
turbine 

Fourneyron 
turbine 

Axial  flow 
turbine 

Kaplan turbine 

Propeller turbine 

Mixed flow 
turbine 

Modern Francis 
turbine 

 
Orientation of 
turbine’s shaft 

Vertical shaft 
turbine 

Kaplan turbine 

Francis turbine 

Propeller turbine 

Horizontal shaft 
turbine 

Pelton wheel 

 
Head 

High head Pelton wheel 

Medium head Francis turbine 

Low head  
Kaplan turbine 

Propeller turbine 

 
Specific speed 

Low specific 
speed 

Pelton wheel 

Medium specific 
speed 

Francis turbine 

High specific 
speed 

Kaplan turbine 

 
 

Table 2: Classification of hydro turbines on the basis of 
power generation [1] 

 

Types of hydro turbines Power generation capacity Unit 

Large Above 50  

MW Medium 10 to 50  

Small 1 to 10  

Mini 100 to 1000  
kW 

Micro Less than 100  

 
Pakistan has the potential to produce 40,000 MW of 
electric power from hydel resource. However, this 
available hydel energy resource is not significantly and 
efficiently utilized to generate the electrical power for the 
requirements of the country. At present, only 16% of the 
total available hydel energy has been utilized for power 
production in Pakistan [2]. In Pakistan, there are a total of 
23 hydroelectric power generation plants, which are mostly 
operating in Khyber Pakhtunkhwa, Punjab, and Azad 
Jamu & Kashmir (AJK) [3]. Table 3 summarizes the 

installed hydropower plants electric power generation 
capacity (7117 MW) in different regions of Pakistan. Most 
of the power (4304 MW) is actually produced in the 
province of Khyber Pakhtunkhwa, followed by Punjab 
province (1699 MW) and AJK (1114 MW). 

 
Table 3: Installed hydropower production capacity in 

Pakistan 

 
Hydraulic turbines were developed in the nineteenth 
century, and after that these are commonly used for 
electric power generation. Hydro turbine is one of the most 
important equipment in a hydropower plant, it converts the 
hydel energy into mechanical energy and is normally 
couple to an electrical generator that produces the 
electrical power from that mechanical energy. Hydropower 
plants usually utilize the energy of the dam water that is 
stored in water in the shape of a potential head. For the 
turbine’s operation, the potential head could be present in 
the range from a few meters to numerous meters. In order 
to effectively produce power from diverse heads, various 
kinds of hydro turbines are invented. Moreover, depending 
on the amount of the available head, the working principle 
of each turbine is different from the other. Based on the 
working operation and available head, hydro turbines are 
primarily categorized into two kinds, impulse turbines and 
reaction turbines as shown in table 4. The impulse 
turbines, for instance, Pelton wheel, Cross flow and Turgo 
are high and medium head turbines, however, 
comparatively; the reaction turbines (Francis and Kaplan) 
are regarded as medium and low head turbines. Moreover, 
as compare to impulse turbines, the efficiency of reaction 
turbines are relatively higher and exhibit high specific 
speed. In these turbines, Kaplan turbine is more 
appropriate to be operated at low pressure heads and has 
the tendency to be produced for micro power generation. 

 
Table 4: Classification of hydraulic turbine   

 
      2. KAPLAN TURBINE 

A Kaplan turbine is an axial-flow, reaction turbine. It is 
preferred to be used normally for producing power from 
low heads (for pressure head = 2 - 40 m). Moreover, it is a 

Location Total hydropower capacity  
(MW) 

Khyber Pakhtunkhwa 4304 

Punjab 1699 

Kashmir 1114 

Total 7117 

 
Types of turbines 

Head 
range 
(m) 

Maximum 
efficiency 

(%) 

(√
 

     ⁄
) 

Specific 
speed [4] 

 
Impulse 
turbine 

Pelton 
wheel  

50-1300 0.89 12-70 

Turgo  50-250 0.85  

Cross 
flow  

5-200 0.86  

Reaction 
turbine 

Francis  25-350 0.94 70-340 

Kaplan  2-40 0.93 290-860 
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kind of a propeller turbine, in which usually, the rotor 
blades are kept adjustable, however, guide vanes in the 
turbine may or may not be kept movable. Furthermore, 
Kaplan turbines can be further categorized into two types, 
single regulated Kaplan turbines and double-regulated 
Kaplan turbines. Single regulated Kaplan turbines are 
those in which the rotor blades are movable, however, the 
guide vanes are set fixed. Whereas, both the rotor blades 
and guide vanes are made movable in double regulated 
Kaplan turbines. The cross-section view of a Kaplan 
turbine is depicted in figure 1. Typically, the Kaplan turbine 
is comprised of a rotor, guide vanes, spiral casing, and a 
draft tube. The turbine’s rotor consisted of a hub and 
blades, which is mounted on the shaft. Guides vanes are 
radially arranged just above the rotor to guide and 
distribute the water over the rotor’s blades. Both the rotor 
and guide vanes’ cage resides inside the spiral casing. 
With the penstock, water from the reservoir flows into the 
inlet (located at the side of the casing) spiral casing. Due 
to the spiral construction of the casing and the location of 
the outlet at the casing’s center, the water turns and is 
rotated around the turbine’s shaft and then flows inward. 
The radial guide vanes then regulate the flow and made 
the water to flow over the rotor’s blades axially. As the 
water flows over the blade, it imparts its energy to the 
blade, due to which the blade moves and turns the rotor 
(shaft). The water after flowing over the rotor’s blades, exit 
the casing and enters into the draft tube. In the draft tube 
the pressure head and kinetic energy of the water further 
drop. At the end, the water gets out through the tailrace. 
The shaft attached to the rotor is coupled to the electrical 
generator. Normally, a gearbox or belt and pulley 
arrangement is used to transmit the power from the 
turbine’s shaft to the electrical generator’s shaft. This 
power transmission system (either gearbox or belt and 
pulleys) is such that the generator’s shaft is made to the 
rotor at a higher speed (RPM). 

 
Figure 1: Cross sectional view of the Kaplan 

turbine. 

3. ANALYTICAL MODELING OF KAPLAN TURBINE 
 

In Kaplan turbine, the discharge  [4] 

  
 

 
      

    
 
                     (1) 

depends on the flow velocity 

          √                             (2) 

diameter of runner  

  
√    

√        √     

                     (3) 

and diameter  
                                           (4) 

of the hub. Where H is the water head,  flow ratio and n is 

a hub to runner diameters’ ratio.  
Water after passing through casing has whirl velocity 

   
    

 
                                  (5) 

which is the function of hydraulic efficiency  
h
 , head H 

and blade linear velocity  

    √                                 (6) 

Where   is the speed ratio for the turbine and its value 

is range from 1.4 to 2 [5] 
 
Moreover, the speed of the runner  

  
   

  
                                     (7) 

can be obtained with the blade velocity U and runner 
diameter D. 

 
Blade angles (inlet and outlet) over different blade 

positions can be obtained with the help of a velocity 
triangle at the blade as shown in figure 2. The inlet velocity 
triangle consists of the absolute velocity V of water, blade 
velocity U, relative velocity Vr, tangential (whirl) velocity Vw, 
and flow velocity Vf. Moreover, the angle at which water 
enters over the blade is θ. At the blade’s outlet water 
leaves at the relative velocity Vr1 and at an angle of φ with 
the axial flow of Vf1 = Vf. 

 

 
Figure 2: Inlet and Outlet Velocity triangle of Kaplan 

turbine. 
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The inlet angle [4] 
 

θ  =180 - tan
-1(

  

        
)                    (8) 

 
at the periphery of the blade and the blade outlet angle  
 

 
 
 = tan

-1(
  

  
)                             (9) 

 
 at the periphery of the blade can be obtained with the 
blade velocity 
 

   
   

  
                                      (10) 

 
and the periphery, whirl velocity  
 

    
    

  
                                   (11) 

 
at the periphery and with the flow velocity Vf. 
 

However, the inlet angle [4] 
 

θh = 180 - tan
-1(

  

 h     h
)              (12) 

 
at the hub and outlet angle [4] 
 

 
h
 = tan

-1(
  

 h
)                                              

(13) 

 
at the hub can be obtained with the blade velocity  
 

   
     

  
                                   (14) 

 
near the hub, whirl velocity  
 

    
    

  
                                    (15) 

 
at hub and velocity of flow Vf. 
 

 
The casing of the Kaplan turbine can be rectangular or 

circular in cross-section. The function of the casing is to 
distribute the water over the guide vanes and to avoid the 
creation of eddies. Dimensions of the rectangular spiral 
casing as shown in figure 3 [6] are related to the runner’s 
diameter D and are expressed by the system of equations 
(14) [6]. Figure 3(a) represents the top view of the casing; 
however, figure 3(b) is the casing’s cross-section view.  

 
K= 1.45 D, L = 1.5 D, M =1.9 D, N = 2.05 D, 

 
O = 1.6 D, P=1.25 D, S = 1.85 D, T = 0.7635 D, 

 
Z = 0.76 D, W = 0.4 D            (14) 

 

 
 
Figure 3: Dimension of rectangular casing: (a) 
Casing’s top view, (b) Casing’s cross-section view [6]. 
 

In the turbine the guide vane angle [6] 
 

          

  
         

  
                                 (15) 

 
is a function of whirl velocity    and flow velocity   and the 

draft tube diameter 
 

                                            (16) 

 
at the runner side is actually equal to the runner’s outside 
diameter D. However, the draft tube diameter [6] 
 

                                    (17) 
 

at the tailrace can be found with side wall angle   (6
ο
with 

vertical) and the length Y of the draft tube (Y is 2.5 to 3 
times of runner diameter). 

 
The force[5] 
 

                                       (18) 
 

exerted by the water on the blade of the runner is the 
function of discharge Q, water density   and whirl velocity 
   .  

 
By inserting equations (5) and (7) in equation (18), 

yields the force  
 

  
        

   
                              (19) 

 
on the blade in terms of head H, runner diameter D, 
runner’s speed N and efficiency  . 
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The torque   
 

                                           (20) 

 
produced by the shaft is the product of force F on the 
blade and runner radius r. 

 
By inserting equation (19) in equation (20), yields the 

torque  
 

  
      

  
                                     (21) 

 
in terms of the physical parameters. 

 
The output shaft power 
 

        (
   

  
)               (22) 

 
of the Kaplan turbine can be obtained from the shaft 
torque T and rotational velocity  .  
 

 
4. SIMULATION AND DISCUSSION  
The analytical models discussed in section 3 are simulated for 
a micro Kaplan turbine in order to analyze the dependence of 
the generated power and turbine’s components on the 
physical parameters, such as, head H and discharge Q. The 
simulations are performed for the parameters listed in table 5. 
  

 
Table 5: Flow conditions and different parameters of 

Kaplan turbine used for simulations [4][7]. 
 

Parameter Value 

Head (H) 0.5 to 2 m 

Discharge (Q) 0.25 to 0.5 m
3
/s 

Flow ratio (Ѱ) 0.7 

Width to diameter ratio (n) 0.3 

Speed ratio(ɸ) 1.6 

Number of blades 4 

Number of guide vanes 10 

Hydraulic efficiency  0.90 

Overall efficiency 0.85 

 
 
 
Figure 5 shows (equation (22)) the variation of shaft power 
of Kaplan turbine with respect to head H and discharge Q. 
In this simulation, the head is varied from 0.5 m to 2 m for 
constant discharge values of 0.25, 0.30, 0.35,0.4,0.45 and 
0.50 m

3
/s. keeping the discharge constant, as the head is 

increased the shaft power increases linearly. At 0.5 m
3
/s 

discharge as the head varies from 0.5 to 2 m the output 
power increases from 2.08 kW to 8.34 kW. However, in 
conditions where the head is kept constant at 2 m and the 
discharge is variable and it changes from 0.25 m

3
/s to 0.5 

m
3
/s, the power generation will increase from 4.08 kW to 

8.34 kW. 

 
Figure 5: Variation of Shaft Power with Head and 

Discharge 
 
 
The diameter of the turbine’s runner, equation (3), is 
simulated for a head that varies from 0.5 m to 2 m and for 
constant discharge values that ranges from 0.25 m

3
/s to 

0.50 m
3
/s. It is evident from the simulations that at each 

constant discharge value as the head is increased the runner 
diameter reduces, which means that at relatively higher head 
levels comparatively a compact turbine will be required. At 
0.50 m

3
/s discharge as the head varies from 0.5 m to 2 m, the 

runner diameter reduces from 0.58m to 0.41 m.  
 

 

 
Figure 6: Variation of Runner diameter with Head and 

Discharge 
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The dependency of the hub’s diameter of the turbine on the 
available head and discharge is shown in figure 7. For the 
computation, equation (3) and equation (4) are utilized to 
obtain the plots. For a constant discharge, the hub diameter 
reduces as the head increases, and moreover, for a constant 
head as the discharge is decreased the hub diameter also 
decreases. At 0.5 m

3
/s discharge as the head varies from 0.5 

to 2 m the hub diameter reduces from 0.2 m to 0.142 m. 
However, at a discharge of 0.25 m

3
/s, the hub diameter is 

about 0.141 m when the head is 0.5 m, and at the same 
discharge when the head is increased to 2 m, the hub’s 
diameter is estimated to be 0.1 m. 
 

 
 

 
 

Figure 7: Variation of hub diameter with head and 
discharge 

 
 

 
For the efficient conversion of hydraulic energy into motion 
(mechanical energy) of the blade, the water must enter the 
blade tangentially, and also the water after flowing over the 
blade must leave the blade tangentially. Moreover, in the 
Kaplan turbine, the inlet angle at the hub and the inlet angle 
at the periphery are different, and the same is the case with 
the blade outlet angle.  
 
 
Figure 8 shows (equations 8 and 12) the blade inlet angle at 
hub and periphery as a function of the head while keeping all 
other parameters constant. When the head varies  from  0.5 
m to 1.7 m, the blade inlet angle at hub ( h) varies from 140

0 
 

to 90
0 

while for head of 1.71 m to 1.8 m the blade inlet angle 
at hub ( h) increases and then again decreases for 1.81 to 

2 m head.  The blade inlet angle at periphery (  ) varies from 

168
0
 to 155

0
 as head varies from 0.5 m to 2 m. 

 
 

Figure 8:Variation of blade inlet angle with head. 
 
Runner’s blade outlet angle at hub and periphery (equation 9 
and 13) is simulated for a discharge 0.35 m

3
/s and head that 

varies from 0.5 m to 2 m. When the  head varies  from  0.5 m 
to 2 m  for constant  values  of other parameters the blade 
outlet at the periphery ɸ

 
 varies from 11.4

0 
 to 21.5

0 
and the 

blade outlet angle at the hub ɸ
h
 varies from 30

0 
 to 48

0
. 

 

 
 

Figure 9:Variation of blade outlet angle with head at a 
discharge of 0.35 m

3
/s. 

 
The dimensions (L, M, N, O, P and S, shown in figure 3) of 
the spiral casing is a function of the runner’s diameter 
(equation 14) and hence in turn depends on the available 
head and discharge (equation 3). For constant flow ratio  

and hub to runner diameters’ ratio n, these dimensions of 
the spiral casing are simulated for a head that varies from 
0.5 to 2 m and for various values of discharge. The plots of 
the simulation results are depicted in figure 10. Keeping 
the discharge constant and with increase in head, these 
dimensions follow the same trend of reduction in value. 
Conversely, if the head is kept constant and the discharge 
is increased then in that case, it is found that for high 
discharge the dimensions of the casing tends to increase. 
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Figure 10: Dimensions of the rectangular spiral casing (figure 3) as a function of the head at various discharge 
values.  

   

    

         

 



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 10, ISSUE 06, JUNE 2021                         ISSN 2277-8616 

71 

IJSTR©2021 

www.ijstr.org 

5. SIMULATION OF KAPLAN TURBINE FOR WATER 
CHANNEL OPERATION 
With the analytical models and simulations performed in 
earlier sections, a Kaplan turbine is designed for a water 
channel operation. Keeping in view the head and discharge 
conditions in the water channel, accordingly, the turbine is 
needed to be designed. Usually, at channels both head and 
discharge vary over the year. The head variation could be 
from 1 to 2 m and the discharge may change from 0.2 to 0.5 
m

3
/s, however, in reality, this variation may also depends on 

the size, location and usage of particular channel. Since most 
of the channels are developed for irrigation purposes and 
usually a fixed amount (depending upon the weather, climate 
and crops sowing season) of water has to be transported so 
normally at the channels, the discharge is kept constant, 
however, the head is regulated at the channel’s gates. For 
power generation purposes, it is important that over the 
channel’s length, find a suitable location where the maximum 
net head could be available for the turbine. Also for locations 
where a large variation in discharge is expected, an 
adjustable blades runner is the requirement [8]. Since the 
design and fabrication of adjustable blades runner is 
cumbersome and costly and may restrict the indigenous 
production of turbine. Therefore for the indigenous fabrication 
a fixed blades runner turbine is more feasible. In such a 
turbine the discharge is needed to be kept constant for 
optimal operation [8] and head is required to be regulated with 
the help of channel gate located near the turbine. Based on 
the data taken, the usual available discharge at the locations 
where the designed turbine has to be installed is about 
0.35 m

3
/s, however, the maximum head recorded at these 

spots is 2 m. A Kaplan turbine is simulated for a discharge of 
0.35 m

3
/s and a variable head that ranges from 0.5 to 2 m. 

Figure 11 shows, the variations in the runner’s diameter and 
hub’s diameter with respect to head that varies from 0.5 to 2 
m. The simulations reveal that at 2 m head and 0.35 m

3
/s 

discharge the hub’s and runner’s diameters need to be 11.91 
cm and 34.04 cm respectively. However, at low head of 0.5 
m, the estimate for the hub’s diameter is 16.85cm and that for 
runner’s diameter is 48.14 m. Since more of the occasions 
that discharge (0.35 m

3
/s) and head (2 m) remains constant 

at the feasible spots, therefore, it is more suitable to design 
the turbine for 2 m head. 

 
Figure 11: Runner and hub diameters as a function of 

head at discharge of 0.35 m
3
/s. 

In figure 12, the dimensions of the spiral casing as a function 
of head are plotted at a discharge of 0.35 m

3
/s. At lower 

heads the casing is required to be bulky in size, however, at 
high heads the simulations reveal a more compact spiral 
casing for the turbine. The values of the spiral casing 
estimated from the simulations at 2 m head and 0.35 m

3
/s 

discharge are listed in table 6. Based on the estimates the 
predicted width (N + O) and length (P + S) of the casing is 
1.24 m and 1.6 m respectively. The diameter (M) for the outer 
periphery of the guide vanes comes to be 0.65 m. The width 
(K) of the inlet of the casing through which water has to enter 
the turbine need to be 0.49 m, however, the diameter (L) of 
the outlet (through which water exit the turbine) is required of 
the amount of 0.51 m. 

 
 

Figure 12: Spiral casing dimensions as function of 
head at discharge of 0.35 m

3
/s. 

 
Table 6: Dimensions of spiral casing at 2 m head and 0.35 

m
3
/s discharge. 

 

Casing’s 
dimensions 

Analytical 
model 

Estimated 
Value (m) 

K 1.45 D 0.49  

L 1.5 D 0.51  

M 1.9 D 0.65  

N 2.05 D 0.70  

O 1.6 D 0.54  

P 1.25 D 0.43  

S 1.85 D 0.63  

T 0.7635 D 0.2596  

Z 0.76 D 0.2584  

W 0.4 D 0.136 

 
Figure 13 shows the simulated shaft power and shaft torque 
produced by the Kaplan turbine as function of head at 
discharge of 0.35 m

3
/s. At lower head of 0.5 m the turbine 

would be capable of generating a shaft power of 1.46 kW and 
shaft torque of 43.55 Nm. However, at 2 m head, the turbine’s 
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performance would be better and a power of 5.84 kW and 
torque 174.2 Nm is predicted to be produced. The design 
estimates of the Kaplan turbine is listed in table 7. 

 

 
 

Figure 13: Shaft power and torque as function of head 
at discharge of 0.35 m

3
/s. 

 
Table 7: Design estimates of micro Kaplan turbine for 5.8 kW 

power production 
 

Parameters Dimensions 

Hub’s diameter 1 m 

Runner’s diameter 0.55 m 

Guide vane angle (α) 68.1
ο
 

Spiral casing width 1.24 m 

Spiral casing length 1.6 m 

Spiral casing height 0.256 m 

Spiral casing inlet width 0.49 m 

Spiral casing outlet diameter 0.51 m 

Draft tube’s diameter at turbine  0.34 m 

Draft tube’s diameter at tail race 0.533 m 

Draft tube’s length (2.7 D) 0.918 m 

 
6. FABRICATION OF 5.8 kW MICRO KAPLAN TURBINE 
The components of Kaplan turbine, such as, shaft, hub, rotor 
blades, bearing bracket, spiral casing, draft tube, guide vanes’ 
annular rings, frame, and penstock are fabricated from mild 
steel (MS), however, guide vanes are produced by casting 
Aluminum alloy. The fabrication of the developed turbine is 
shown in figure 14. The hub, figure 14(a) is produced by 
conventional machining from MS rod. The diameter of the 
produced hub is 12 cm and the height is 13 cm. The runner’s 
blades which are cut from a thick (6 mm) MS sheet, figure 14 
(b). The radial length of the blade is 11.5 cm and is welded to 
the hub, figure 14 (c), at an angle of 22

ο
. Shaft (diameter = 6 

cm) is inserted into the inner race of the bearings mounted in 
the bearing bracket, figure 14 (d). The runner is then welded 
to one end of the shaft, figure 14 (e). The casted guide vanes 
are bolted to the annular rings (thickness = 3 mm), figure 14 
(f), to produce squirrel cage type guide vanes assembly, 
figure 14 (g). MS sheets are cut and welded together to 
fabricate the spiral casing, figure 14 (h). After the guide vanes 
assembly is mounted in the casing, a pipe portion (need to be 
attached to draft tube) is attached to the casing, figure 14 (i). 
Moreover, MS sheet (1.5 mm) is bent and welded to produce 

the draft tube, figure 14 (j), and penstock, figure 14 (k). The 
runner assembly is then inserted into the turbine’s casing and 
the electrical generator is coupled to the turbine’s shaft with 
belt and pulley arrangement, figure 14 (l). Finally, a draft tube 
is bolted to the casing to complete the turbine’s assembly, as 
shown in figure 14 (m). The dimensions and measurements of 
the main parts of the developed turbine in listed in table 8 

 
Table 8: Parameters and dimensions of the developed 

Kaplan turbine 

Main part Parameters Value 

Runner 

Number of blades 4 

Blade radial length 11.5 cm 

Blade angle with the shaft axis 22
ο 

Hub’s diameter 12 cm 

Hub’s height 13 cm 

Shaft diameter 6 cm 

Runner’s overall diameter 34 cm 

Spiral casing 

Inner diameter 60 cm 

Maximum outer diameter 120 cm 

Minimum outer diameter 76.2 cm 

Height 31 cm 

Guide vanes’ 
cage 

Number of guide vanes 10 

Guide vanes’ width 12.7 cm 

Guide vanes’ height 30 cm 

Guide vane angle (α) 68
ο
 

Annular ring’s inner diameter 34.3 cm 

Annular ring’s outer diameter 71.1 cm 

Draft tube 

Inlet diameter 35.6 cm 

Outlet diameter 53.0 cm 

Length 91.5 cm 

Side wall angle ( ) 6
ο
 

Penstock 
Diameter 30 cm 

Length 214 cm 

Transmission 
system 

Turbine’s pulley diameter 35.6 cm 

Alternator’s pulley diameter 7.6 cm 

Speed ratio 4.7  

V-belt type B-80 

Alternator 

Type 
AC 
Synchronous  

Capacity 5 kW 

Operating voltage 220 V 

Maximum current 13.6 A 

Speed 1500 rpm 

Turbine’s 
overall size 

Length 2.20 m 

Width 1.15 m 

Height 1.92 m 
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Figure 14: Fabrication of micro Kaplan turbine: (a) Runner’s hub, (b) Runner’s hub along blades, (c) Blades welded to hub, 
(d) Runner’s shaft inserted into bearing bracket, (e) Runner welded to shaft assembly, (f) Fabricated guide vanes assembly, 

(g) Casted guide vanes bolted to annular rings, (h) Spiral casing, (i) Guide vanes assembly lowered into casing, (j) Draft tube, 
(k) Penstock, (l) Runner assembly attached to the turbine casing, (m) Assembled Kaplan turbine. 
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7. Testing of developed Kaplan turbine 
In order to test the performance of the developed Kaplan 
turbine, first a feasible site has been investigated for the 
installation. Since a network of water channels is available at 
district Swabi. These channels are utilized for irrigation 
purposes and flow of water occurs over the whole year. After 
visiting a number of locations, two more feasible sites (at 
Chota Lahore, Swabi) have been selected and head and 
discharge at those sites have been measured as shown in 
table 9. At site-1 (figure 15), a head of 1.5 m and a discharge 
of 0.2 m

3
/sec are available, however, at site-2 (figure 16) a 

head of 2 m and a discharge of 0.2 m
3
/sec is recorded. 

Theoretical power available at site-1 and site-2 is computed 
as 2.9 and 3.9 kW respectively.  

 
 
 

Table 9: Feasibility for the turbine’s installation site 
 

Parameter Site-1 Site-2 

Head (m) 1.5 2 

Discharge (m
3
/sec) 0.2 0.2 

Theoretical power (kW) 2.9 3.9 

 
 
 
 
 

 
Figure 15: Photographic image of site-1 for turbine 

installation  

 
 

Figure 16: Photographic image of site-2 for turbine 
installation. 

  
 
Since relatively high head and power is available at site-2, 
moreover, it was also found that it is easier to place 
(install) the developed turbine on the embankment of the 
channel, therefore, due to these facts, site-2 has been 
selected for the testing of the developed Kaplan turbine. 
No civil work has been performed for the installation of the 
turbine, it is placed on site-2 directly, as shown in 
figure 17.  
 
The turbine is put securely on the channel’s embankment 
in such a way that the draft tube comes in the middle of 
the stream and casing of turbine resides on the channel’s 
walls. After the turbine is firmly placed, the alternator is 
attached to the frame with nut and bolts and then the 
turbine and alternator shafts are coupled through belt and 
pulleys. Finally, the draft tube and penstock are attached 
to the turbine.  
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Figure 17:  Installation of the developed turbine on 
site-2. 

 
 

After installation, as the water flows into the turbine casing, it 
started generating power. On that particular day of testing 
(figure 18), the net available head at the turbine was 0.92 m 
and discharge was only 0.09 m

3
/s (less than 2 m

3
/s, recorded 

previously). However, it was found during testing that not all 
the water flowing of the channel was actually entering the 
penstock, since the diameter of the penstock is less than the 
channel’s dimensions. During operation slowly and gradually 
load (bulbs and pedestal fan) was applied and the voltage 
generation and current drawn by the bulbs and fan are 
measured, as listed in table 10. In testing, it was found that 
the developed turbine is capable of producing a power of 
about 306 W under the available head and discharge. At the 
particular input conditions, the hydraulic efficiency and overall 
efficiency for the developed turbine was about 70% and 55% 
respectively. 

 
 

Figure 18:  Load application on the installed turbine. 
 

Table 10: Test result of installed micro Kaplan turbine 

Parameter Value 

Available head  0.92 m 

Discharge Less than 0.09 m
3
/s 

Theoretical power  568 W 

Voltage 180 V 

Current 1.7A 

Output Power 306 W 

Overall efficiency 55% 

Hydraulic efficiency 70% 

 
8. CONCLUSIONS 
Analytical modeling, simulation, and fabrication of a micro 
Kaplan turbine is reported in this work. Kaplan turbine has the 
preference over other hydropower generation machines due 
to its capability of power production from low head 
application. Moreover, Kaplan turbine can be easily installed 
and operated at any location where there is low head and 
high discharge and hence it is more suitable for power 
generation at water channels. Analytical model is devised for 
turbine’s output shaft power and other design parameters, 
such as runner, hub, runner’s blades, guide vanes, casing 
and draft tube. Simulations are performed for different head 
and discharge conditions to predict the optimized design 
parameters for the micro Kaplan turbine. On the basis of the 
modeling and simulation, a micro Kaplan turbine is fabricated 
for a water channel that has 2 m head and 0.35 m

3
/s 

discharge. The developed turbine is also tested at one of the 
spot at the water channel. Although the little head and 
discharge was available at the particular time, still the 
performance of the turbine was satisfactory and under that 
input conditions the hydraulic efficiency and overall efficiency 
for the developed turbine was about 70% and 55% 
respectively. Furthermore, the turbine was able to generate a 
voltage of 180 V and with it few lights and a pedestal fan was 
successfully operated.  
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