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 The most renewable energy used in Indonesia is coming from hydro energy. The hydro 
energy available in Indonesia is about75000-76000MW. From the whole water energy 
available in Indonesia there was just about 3,783MW being harnest for large scale 
power plants and about 220 MW for small-scale power plants. One of the small-
scale hydro energy sources is from a small river which has a water speed range between 
0.01 m/s to 2.8 m/s. Although having only a low water speed, the energy stored in it has 
a potential power to generate electricity. This low speed water flow usually used to 
move a water wheel to convert the water energy to another form of energy. The water 
flow hit directly to the water wheel blade which will force the water wheel runner to 
move and rotate so that the water kinetic energy would be converted to a mechanical 
energy to rotate a generator to produce electricity. Water flow has a potential renewable 
energy and it is environmentally friendly. This water flow potential energy could be 
converted to another form of energy such as mechanical energy, kinetic energy or 
electrical energy. Implementing water turbines is one way to convert the potential water 
energy to another form of energy. Most of undercurrent sources of hydropower were 
not observed seriously. However, there were some undercurrent water turbines research 
but it is not much. Therefore, the objective of this study is to find the best performance 
of a flat bladed undercurrent water turbine. The experiment was observed by 
implementing different blade numbers on a particular water flow rate. The study was 
conducted in experimental and theoretical analysis by implementing a blade number of 
4, 6, and 8 blades. The water flow rate was maintained constant at0.0594m3/s. The 
results showed that for the flat plate bladed turbine efficiency increases with the 
increasing of blade numbers. The maximum efficiency was achieved on the turbine 
with a blade number of 6. Furthermore, the turbine efficiency decreases when the 
number of blades is less than 6 blades. 
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INTRODUCTION 

 
 Microhydro-power generators are very suitable for providing electrical energy to rural areas, including 
small industries in remote areas far from electrical networks.  Hydroelectric generators could only provide 2% 
of the world power generation compared to fossil fuel sourcesof 54,4%. 
 The  water-current turbines are well-suited for the rural areas because of many advantages such as, (1) a 
low head (<3 meter) with relatively low water flow rate, (2) an abundance of untapped water energy potential, 
(3) doesn’t require a highly-skilled workforce, (4) is a renewable energy source, (5) pollution-free, (6) low 
operational costs, (7) supportive of environmental protection efforts (if supported by a skilled and reliable work 
force, such turbines have an age ranging from 20 – 40 years). Some weakness of a water-current turbine power 
generation is that: (1) could only generate electricity not more than a maximum capacity of 100kW, (2) could 
have problems during the dry season due to theshortage of water flow availability, (3) requires a relatively high 
initial investment, (4) could potentially become a consumptive technology, (5) could also affect the natural 
conditions such as deforestation. 
 Under a condition of a water flow speed of 5m/s, water flow rate of 8m3/s and a blade depth of 0.47m, 
water-current turbines could generatea mechanical power of 37.8 – 40kW with an efficiency ranging from 38% - 
40% (Muller, 2004).  Curved blades used in a water-current power generation had an efficiency of 22 – 30% 
(Denny, 2004). A simple Spanish horizontal watermill was analyzed using a qualitative description with an 
efficiency curve approach generated by a Computer Fluid Dynamic simulation for two and three dimensions 
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showed that the watermill could have a maximum efficiency of 62% and 35%, respectively (Pujol, 2009). In 
addition, another research reported that by implementing a higher number of blades the turbine could generate a 
larger amount of power (Tevata and Inprasit, 2011). 
 From some research mentioned above, there is still no study about straight bladed water-current turbines 
which is implementing the underneath stream (undershot) water flow. This paperwill provide the data taken 
from an experimental research for a straight-bladed water current turbine.  
 In this study, the turbine efficiency was observed at various numbers of blades in a constant flow rate of 
undershot water flow. The water flow behavior through the runner was discussed extensively to achieve this 
goal. 

MATERIAL AND METHODS 
 
 The experimental set up is shown schematically in Figure 1. The water passage has a length of 400cm, 
25.5cm width and 30cm height. A fiber glass water wheel (1) was installed in the water duct (4) so that the head 
input (H1) and the water flow shape towards the water wheel could be observed. The turbine shaft (1) was 
placed 20cm from the channel end with a height of 16cm from the channel floor. A water reservoir tank was 
placed at the end of the water channel (3).This water tank reservoir is functioned to serve and store water supply 
to the experimental rig. The water was pumped through a pipe (6) using a 5kW centrifugal pump (2) into a 
reservoir (5) connected to input channel (4).The water stream downin the test channel would turn the water-
current turbine (1). 
 

 
Fig. 1: Experimental set up. 
 

 
 
Fig. 2: Water-current turbine straight-blade construction. 
 
 The numbers of blades tested were 4, 6, and 8. The water loading system of the turbine is shown in Figure 
3. The torque produced was estimated from the size of load multiplied by the brake radius (r): 
 
T = m.g x r             (1) 
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Fig. 3: Turbine loading system. 
 
 To calculate the turbine power (Pturbin) is by multiplying torque (T) with the turbine angular speed (ω): 
 
P = T x ω            (2) 
 
Where: 
 
ω = 2πn/60             (3) 
 
 n is the the turbine axis rotation. The water-current turbine efficiency was estimated from the turbine axis 
power toward the water propulsive power ratio (Pwater).  
 
Pwater = 0.5ρAV3            (4) 
 
Or   
 
Pwater = 0.5ρQ3/A2            (5) 
 
 Where ρ is the water density, g is gravitaty acceleration, Q is the water flow rate, V is the average water 
velocity in the channel and A is the water channel crosssectionalarea which is the width multiplied by the 
channel height. The efficiency then becomes. 
 
𝜂𝜂 = 𝑃𝑃𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

𝑃𝑃𝑤𝑤𝑤𝑤𝑡𝑡𝑡𝑡𝑡𝑡
× 100%                  (6) 

 
Results: 
 
Table 1: Four straight-bladed water current turbine result data. 

 Load 
kg 

rpm 
rpm 

Q 
m3/s 

ρ 
kg/m³ 

h1 
m 

h2 
m 

V1 
m/s 

V2 
m/s 

Δh 
m 

WHP 
watt 

1 0 67 0.00594 996 0.037 0.036 0.64194595 0.659778 0.001 0.06864111 
2 0.2 35 0.101 0.031 0.23516832 0.766194 0.07 1.57244604 
3 0.4 28 0.109 0.033 0.21790826 0.719758 0.076 1.39152484 
4 0.6 22 0.112 0.034 0.21207143 0.698588 0.078 1.31015743 
5 0.8 18 0.118 0.036 0.20128814 0.659778 0.082 1.1674424 
6 1 13 0.119 0.038 0.19959664 0.625053 0.081 1.0375127 
7 1.2 8 0.121 0.035 0.19629752 0.678629 0.086 1.2479182 
8 1.4 5 0.123 0.036 0.19310569 0.659778 0.087 1.1769853 
9 1.6 3 0.126 0.036 0.18850794 0.659778 0.09 1.1821738 

10 1.8 2 0.126 0.036 0.18850794 0.659778 0.09 1.1821738 
11 2 1 0.127 0.036 0.18702362 0.659778 0.091 1.1838221 
12 2.1 0 0.134 0.037 0.17725373 0.641946 0.097 1.1257052 

 
 
 
 
 
 
 



458                                                             Rudy Soenoko et al, 2013 
Advances in Natural and Applied Sciences, 7(5) December 2013, Pages: 455-461 

Table 2: Six straight-bladed water current turbine result data. 
 Load 

kg 
n 

rpm 
Q 

m3/s 
ρ 

kg/m³ 
h1 
m 

h2 
m 

V1 
m/s 

V2 
m/s 

Δh 
m 

WHP 
watt 

1 0 69 0.00594 996 0.037 0.036 0.64194595 0.659778 0.001 0.0686411 
2 0.2 31 0.119 0.025 0.19959664 0.95008 0.094 2.5514456 
3 0.4 27 0.116 0.024 0.20475862 0.989667 0.092 2.7723452 
4 0.6 21 0.117 0.024 0.20300855 0.989667 0.093 2.7744555 
5 0.8 18 0.118 0.026 0.20128814 0.913538 0.092 2.3480617 
6 1 12 0.121 0.038 0.19629752 0.625053 0.083 1.0413751 
7 1.2 10 0.121 0.041 0.19629752 0.579317 0.08 0.8784892 
8 2 6 0.125 0.043 0.190016 0.552372 0.082 0.7954925 
9 2.5 3 0.132 0.044 0.17993939 0.539818 0.088 0.7659705 

10 3 1 0.141 0.045 0.1684539 0.527822 0.096 0.7399313 
11 3.2 0 0.143 0.047 0.1660979 0.505362 0.096 0.6736386 

 
Table 3: Eight straight-bladed water current turbine result data. 

 Load 
kg 

n 
rpm 

Q 
m3/s 

ρ 
kg/m³ 

h1 
m 

h2 
m 

V1 
m/s 

V2 
m/s 

Δh 
m 

WHP 
watt 

1 0 74 0.00594 996 0.045 0.036 0.52782222 0.659778 0.009 0.4634121 
2 0.2 40 0.06 0.025 0.39586667 0.95008 0.035 2.2058418 
3 0.4 29 0.104 0.026 0.22838462 0.913538 0.078 2.3136331 
4 0.8 20 0.106 0.027 0.22407547 0.879704 0.079 2.1399784 
5 1.2 18 0.153 0.032 0.15524183 0.74225 0.121 1.5579165 
6 1.4 12 0.156 0.035 0.15225641 0.678629 0.121 1.2933121 
7 1.6 11 0.162 0.039 0.14661728 0.609026 0.123 1.0332653 
8 2 8 0.146 0.039 0.16268493 0.609026 0.107 1.0185691 
9 2.4 6 0.168 0.035 0.14138095 0.678629 0.133 1.3027555 

10 2.8 3 0.151 0.037 0.15729801 0.641946 0.114 1.1454477 
11 3.4 2 0.152 0.042 0.15626316 0.565524 0.11 0.8735315 
12 3.6 0 0.175 0.044 0.13572571 0.539818 0.131 0.8072422 

 
The straight-bladed water-current turbine characteristics are displayed in Figure 4 below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Load vsEfficiency for straight-bladed water current turbine. 
 
 Figure 4 shows that the efficiency of the straight-bladed water-current turbine increases along with the 
increasing number of blades. This is because of the larger number of blades receiving momentum from the 
water in the channel. This phenomenan is explained in Figure 5,Figure 6 and Figure 7. 
 The maximum performance of straight bladed turbine is shown in Tabel 1. From the table it can be seen that 
the turbine performance at every blade number was measured on a same load of 0.8 kg and at a same turbine 
rotor rotation of 18 rpm. 
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Table 4: Comparison of flow behavior between straight-bladed turbines. 
No Model type of blades Number of blades load 

kg 
Revolution 

rpm 
Maximum efficiency 

(%)ηmax. 
1 Straight-blade 4 0,8 18 18 
2 Straight-blade 6 0,8 18 18,9 
3 Straight-Blade 8 0,8 18 29 

 
Discussion: 
 From table 1 it can be seen that the highest efficiency was reach at the 6-angled-bladed turbine with a 
maximum efficiency of 54%. Conversely, the lowest efficiency under the same conditions is resulted in the 4-
straight-bladed turbine.  Figure 8 clearly shows that the efficiency of the straight-bladed turbine increases. But 
for the lower blade number of the straight bladed turbine the efficiency will get lower. 
 

 
 
Fig. 5: Water flow condition for 4 blades with a ηmax = 18%. 
 
 From figure 5it is seen that the 4-straight-bladed turbine has a maximum efficiency of 18% with a torque 
load of 0.8kg at a rotaion of18 rpm. When the turbine blade entering the water flow, a whirlpool phenomenon 
appears both in front and behind the turbine blade which would causes a high loss of energy.It means that the 
rear side turbine blade doesn’t receive full water flow momentum. The flow behavior around 6-straight-bladed 
turbine presented in Figure 10 shows that the whirlpoolappears both in front of and behind the blade arevery 
small, so that two blades in front receivinga maximum momentum from the water flow. Thus, the power 
transferred from the water flow to the blade increased significantly. 
 

 
 
Fig. 6: Water flowcondition for 6-straight-bladed turbinewith ηmax = 18.9%. 
 
 From figure 7it can be seen that the water whirlpool in front of the blades has almost been disappear, but 
there is still a little water eddybetween the blades. From this eppearance it can be determined that the energy 
received by the front blade is much larger than that on the the 4- and 6-bladed turbine, thus the turbine 
efficiency would also be higher. 
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Fig. 7: Water flow condition for 8-Straight-Bladed Turbinewith ηmax = 25.6%. 
 

 
 
Fig. 8: Straight-bladed turbine efficiency for every blade number. 
 
Conclusion: 
 It was discovered that straight-bladed water-current turbine worked more efficiently at an eight blade 
number.The highest efficiency was reach at the eight-straight-bladed turbine with a maximum efficiency of 29 
% under a turbine rotation of 18 rpm and a torque load of 0.8 kg.The lowestefficiency under the same conditions 
is resulted in the four-straight-bladed turbinewhich is 18%. 
 The straight-blade generateda whirlpool booth in front of the blade and behind thethe blade. It means that 
the turbine blade rear side doesn’t receive full water flow momentum. This phenomenon would largely reduce 
the momentum transfer to the blade. The whirlpool appearance would cause a high loss of energy. 
 The flow behavior around 6-straight-bladed turbine presented in Figure 10 shows that a very small 
whirlpool appears both in front the blade and behind the blade. For this condition the blades would receive a 
maximum momentum from the water flow. This would result an increased power transferred from the water 
flow. Thus, the power transferred to the blade from the water flow is increased. 
 For the eight bladed turbine (figure 7) it can be seen that the water whirlpool in front of the blades has 
almost been disappear, but there is still a little water eddy between the blades. From this appearance it could be 
concluded that the energy received by the front blade for the eight bladed turbineis much larger compare with 
the four and six bladed turbine.Thus the turbine efficiency for the eight bladed turbinewould also be higher. 
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