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Abstract. The experiments and measurements already conducted to find out an effective  pitch of  Scoop Blade  when  attached at 
the circumference of waterwheel wheel of 800 mm  diameter at varying speed of water of 0.8 m/sec to 2.26 m/sec. The 
measurements were made of revolution of wheel per minute and the moments created at varying blade numbers. The power 
generated at varying blade numbers attached on waterwheel produced by multiplying the moments and the related circumference 
speed of the wheel. The results  show that  the maximum power obtained at he number of blades 12 and 16 at a speed water below  

2.26 m/sec. From these experiments, we get the pitch and diameter relationship as Pitch = (0.1962 – 0.261) wheel diameter   

 

INTRODUCTION 

 
      Energy is still the one of the most critical issue, where the economic, environment and development being wrapped in one discussion. 

According to the World Hydropower Development Report 2016, it is about 17% of the world population, or about 1.2 billion of people still  
lack of electricity  worldwide. 
 

Globally the  installed  capacity of small hydropower  is estimated at 78.000 MW in 2016, an increase of about 4 per cent if it 

is compared to the data from World Small Hydropower Development  Report   2013. The total estimated small hydropower 

potential has also increased from World Small Hydro Power Dvelopment Report 2013 to 217 GW, an increase of more than 

24 per cent.  As approximately as 36 per cent of the total global small hydropower potential  has been developed in 2016 [9] 

 

Small Hydropower  representing of about1.9 per cent of the world’s total power capacity, or about 7 per cent of the world 

total renewable energy installed capacity and 6.5 per cent (< 10 MW) of the total world hydropower capacity including the 
pumped storage as well . As one of the world’s most potential renewable energy sources, small hydropower is the fifth in the 

hydro energy development,  compared to the large hydropower 

 the highest installed capacity in recent years, followed by the wind and solar power. The world issues of green and safe 

energy seems has pushed the development of hydropower worldwide. 

 

Mostly  development of the countries all over the world  is considering the equilibrium of the economic growth ,  ,social 

development and environmental protection as the base of installation policy. When the environmental protection  is included  

in policy,  the concrete supervision from  the government  and the regulatory authorities is also included, Small hydropower 

energy  can be an important renewable technology, contributing to the rural electrification, socially inclusive sustainable 

industrial development as well as reduction of local greenhouse gas emissions and deforestation. Therefore, it should be 

considered in national plans of the country all over the world  for the persistence development of sustainable green energy. 
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 Indonesia hydropower capacity is estimated around 75,000 MW, concentrated on the islands of Sumatra, Java and Sulawesi. [1] The 
electricity power generated  in Indonesia until 2019 is 60.8 GW. Which 41.7 Gw (68.6%)  is generated by the state company and the rest 
19.1 GW (31.4%) is generated by the private producers and other providers.[2]  The state company also dominates  the distribution and the 

transmission installations.[1]. Until 2019, the hydropower plants, including  mini and microhydro produce around 5.45 Gw (8.8%) of the 
national capacity. The potential of hydropower source in Indonesia is located on Papua Island (22.4 GW), Sumatra  (15.6 GW),  
Kalimantan  (21.6 GW), Sulawesi (10.2 GW), Java-Bali ( 4.2 GW) , NTT and Maluku 1.1 GW. [2]   The Indonesia National Energy Policy 
(NEP) is also concern about the principal fairness, environment protection and sustainability in achieving the independence and the security 
of energy. The government targeting at least 23% in 2025 and 31% in 2050 is the portion of new and renewable energy of total national 
energy mix in the country. [2]  One of the renewable energy is hydropower. The importance notice   of Indonesia government to 
environment protection is the  other factor push the government to imply the new and renewable energy for the electricity.  
 

The potential mapping of small hydro energy source in Indonesia  is absolutely imortant as the base planning of hydro energy development. 
By the existing of mapping database, the electrfication planning all over Indonesia will designed more perfectly, especially in integrating 
the small hydropower at remote islands  and off-grid areas. 
     On the other side, in line with the goals to electrificate   the peoples at remote and off grid areas, the effective way and the effective 
equipment to harness the energy from water highly required.[11]  The electrification of people of remote and off grid areas will speed up 
the progress of national development and promote the  economic and productivity  of the people at which will raised the prosperity and the 
dynamic live of the local residents. 
      Hydropower is also hoped being the reflection of equity and justice in electricity for the people in the country. The increasing demand 

of national electricity is not expressing the fulfillment of people needs in rural area. Total energy demand in Indonesia is expected to 
increase by 8.7 per cent each year up to 2024, which mainly to fulfill the need of industry and housings concentrated on the cities. [12]  
        The conceptual study conducted by Hiromichi Akimoto et al, 2013, propose that floating axis water is preferably recommended to 
capture the water energy from river, tide and acean currents.  They concluded that the inclination of the turbine axis is passively determined 
by the balance of hydrodynamic loads, bouyancy and the weight of the system.[13]  The predictability and the stability of water power 
leads to the increasing utilization of hydro emergy even more expensive than of wind energy.  The previous experience of water power 
installation operation shows that the corrosion and biofouling in seawater are big part of the operating cost.  Cost increase significantly 
regarding the limited accessability of the site and the underwater works for maintenance, installations and ocean environment 

protection.[13]  The inclinations of the axis became important regarding its influence to the fluctuating and reduction of power produced. 
So the float should supports the river  turbine  operation steadily. 
       According to Small Hydro Resources Mapping of Indonesia, the hydropower is taking part of 9.9% of total national electric generation 
in 2017. The national total power generation is 53.1 GW in 2017 [11].  The hydro energy part seems will increase from year to year related 
to the national respona to international issue of green energy, environment protection and energy diversification plans promoted by the 
Energy Ministry of indonesia. The promising area of small hydropower area is mainly  NTT, North Maluku and Sulawesi.      
      The focus of government for small hydropower development  is focused on above areas. Meanwhile, the Pico Hydropower (PH) 
potential is spread over all the area of the country, on the base of river current or tidal current energy.  
      The previous study in the year 2012-2013 indicating that some rivers in Sumatra island is a potential  energy sources for pico-

hydropower  system [3].  IHA classified this kind of power as run-of river hydropower. In order to maximize the energy harnessed from the 
water current, the high efficiency of blade is required. On the other hand, to increase the the harnessed of energy from the water, the float 
turbine needs to be completed with guide walls at right and left sides to focus on and concentrating the river current to impinge the blades 
surface.  
       For the purpose of finding the high efficiency blades, a series of expements has already conducted on a “Scoop Blade” , where the 
effective inclination of Scoop angle is ten degrees founded.[6] [7].  The “Scoop Blade” cross section much different from the blade 
investigated by  Alex O.Edeoja and friends [8]  Edeoja and friends concluded that the full V cross section blade show the best performance 
at the 1678.95 rpm where the diameter is 240 mm with 6 blades each.   

      According to World Hydropower Development Report 2016, it si estimated of 78 GW Small Hydro Power (SHP) installed globally in 
2016. About 51% of all installed SHP is located in China. Globally, from the total world installed renewable energy  hydropower take 61%  
of  it. 54% is from the large hydropower system and 7% of small hydropower ( < 10 MW). [9] 
 

WATERWHEEL AND RIVER CURRENT 

  The study implemented in 2013  [3][5] shows that the speed of  river flow in Sumatra island is mostly  under 1 m/sec. Kiho [4], stating 
that the flow below 1 m/sec is not economical for generating the electricity using the water turbine. For the purpose of efficiency, the 
current director is used to step up the speed of river flow and to focus of flow to the water turbine such as waterwheel, to make the water 

current  economical to convert into mechanical energy. On the other hand, the blade is important thing to maximazed harnessing the kinetic 
energy. This article is a part of the already published articles [6][7] discussing  the Scoop Blade  as an effective blade to harnessed the low 
current river become energy. 
      As dicussed previously, the Scoop Blade is introduced as a new effective rotor blade of waterwheel working on low current river. [6][7]  
From the previous experiments and measurements, it has several findings as follows:  

1. Scoop Blade is a blade of modified Pelton Blade and introduced as  a  rotor blade of waterwheel working on low current river 
[6][7] 

2. The effective gamma angle  of Scoop Blade for low current river is 100. [7] 

3. The appropriate and effective pitch of the blade is still being questioned.    

 THE PROBLEM 

        From the previous experiments [3][4], it already get the effective shape of blade and the angle of gamma of the blade. To complete the 
research, we now want to determine the relation between diameter of wheel and the distance between the blades. We call it pitch.  



 

 

 
Figure 1. Scoop Blade for low current river waterwheel. [6][7] 

       
  A series of tests have been carried out to find the best ‘pitch’ of  Scoop Blade when attached to the waterwheel of 580 mm diameter. The  
variable of test are the blade number around the circumference of wheel evaluated at varying speed of water.  Each of blade number 
arrangements is evaluated at the corresponding the RPM and the power generated. 
 

METHOD OF EXPERIMENT 

       The  cross section area of blades facing the water current perpendicularly is (10x10) cm or equal to 100 cm2.All blades attached on the 
wheel circumference were made of  wood of the same shape and the same sizes. All surface of blades were painted. 
 
 

 
 

Figure 2. The test aparatus where water circulated by an immersion pump. 

 

 

Figure 3. Eight  Scoop Blades mounted  on tested  wheel 

 



 

 
 
 

 
 
 

 
 
 
 
 

 
 
 
 

Figure 4. Torsion measurement system on the waterwheel shaft 

1.Load balance. 2.Wheel shaft 
3.Roll supporting the load rope  4.Load 

 
 
The revolution per minute (RPM) of the wheel is counted virtually and noted on every torsion loading of the wheel shaft. The peripheral 
velocity of the wheel is calculated from : 

Ublade = (π. D. N) / 60 

        Where: N is the RPM of the wheel. 
Available water power:  

Pwater  = ½ . ρ.A. (Vwater)3 (Watt) 
         Where ρ is density of water  (Kg/m3) 
                     Vwater = the velocity of water  (m/sec) 
                      A = cross section area of blade (m2) 
Waterwheel power: 

P1 = (T x ω) . η     (Watt) 

 T = torsion load given to the waterwheel shaft  (Nm).  ω = wheel peripheral velocity (rad/sec) 
 ω   = 2πN/60 (rad/sec) 
Waterwheel coefficient of performance:: 

Cp = P1/Pwater 

The same method is also applied for the previous measurements [4] 
          

RESULTS 

      From the experiments and the collected data, we can plot in such below graphics.  The test results, shows that at the water current of 0.9 

m/sec the efficiency of 16 blades arrangement  shows the best 
 

 
 

Figure 5. The RPM of waterwheel at related torsion load at water current of 0.9 m/sec 

 
 
performance where the RPM consistently high.    
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Figure 6. The RPM of waterwheel at related torsion load at water current of 0.95 m/sec 

 
At the speed of current 0.95 m/sec the 16 Blades arrangement shows the best performance. The RPM and the efficiency tend to increase 
significantly. 
 

 
 

Figure 7. The RPM of waterwheel at related torsion load at water current of 2.26 m/sec 

 
At the speed of current of 2.26 m/sec the waterwheel of  12 Blades show the better performance. 
Where the RPM  is higher than other.  The graph shows that at the speed 2.26 m/sec the overall efficiency of waterwheel with 12 Blades 
and 16 Blades show decrease. However, the waterwheel with 12 and 16 blades  show better performance in general.  The overall efficiency 

significantly change at high discharge related to the changing of water level in the channel at corresponding speed. From this point of view, 
we can conclude that for the wheel diameter of  58 cm, the better performance is showed by 12 Blades and 16 Blades.  
        The goal of this experiments is idetifying the better number of blades around the wheel circumference for undershot waterwheel of  58 
cm diameter. By knowing the best number of blades at the circumference of  wheel,  we can determine the ratio of pitch to diameter.   
 
 

 
 

Figure 8. Scoop Blade of gamma angle 10 degree 
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Figure 9. Diameter of wheel and pitch of blades 

 

      The ratio of pitch to diameter is required  as a benchmark value in designing the waterwheel in real  installation. From the 

above discussion, we can withdraw some conclusions i.e.: The size of Scoop Blade need to be specified regarding its relation 
to the diameter of wheel.  According to the test results, the best number of  Scoop Blade of gamma 10 degrees, is lying 

between 12 and 16 blades. In this case, for the wheel diameter of 58 cm  the length of  wheel circumference  is: π. D  = 3.14 x 

58 cm =  182.12 cm.  So the best pitch value for this case is lying between:  

 
182,12

12
 = 15,176   and   

182,12

16
 = 11,382. 

 

From the above value, we can find the ratio of Pitch to Diameter as follows: 

 
𝑃𝑖𝑡𝑐ℎ

           𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟
=  

15,176

58
 = 0.261. 

 

we get:   Pitch = 0.261 Diameter 

 
𝑃𝑖𝑡𝑐ℎ

𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟
 = 

11,382

58
= 0.1962 . 

 

we get   Pitch = 0.1962 Diameter 

 

From above calculation, we can conclude that the Pitch of waterwheel blade is : 

 

 Pitch = (0.1962 – 0.261) Diameter  

 

The pitch is lying on between (0,1962 – 0.261) of the diameter. The specified value is the results of compromise between 

technical, economical and the experience.  

 

CONCLUSION 

       From the experiments results and the discussion above, we can withdraw the following conclusions: 

1. The previous tests indicating that the flat blades not fully accomodating the power from the water  

2. The effective pitch of blade regarding its relationship to the diameter is:  

Pitch = (0.1962 – 0.261) Diameter  

3. It is required to examine the effectivity of Scoop Blade in absorbing the water energy regarding the long 

and the wide side, and its relation to the diameter of the wheel.  
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