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A B S T R A C T  

 

Water systems such as pipelines, pumping stations and other channels in horizontal flow have 
the potential as pico scale hydropower. This study aims to observe the effect of the number of 
blades and the blade angle on the electric power generation in the small bulb turbine on 
horizontal flow. This study also observes how the number of blades and blade angle affected the 
electrical power generated using analysis of variance. The level on the parameter number of 
blades used was 4, 5, 6, and 7 blades, while the level parameters on the blade angle were 15, 20, 
25, and 30 degrees and each level was tested 4 replication at the discharge of 13 L/s. This paper 
shows the results of turbine performance in the form of angular velocity, electric power, 
efficiency, and the test results of the analysis of variance using SPSS 17 software. The results of 
the study show the number of blades 5 with a 20 degree blade angle of the best performance 
compared another the number of blades and the blade angle with an efficiency of about 50%. 
The results of the analysis of variance show the blade angle of the blade has a more dominant 
effect on electrical power than the number of blades.  

doi: 10.5829/ijee.2021.12.03.06 
 

 
INTRODUCTION1 

 
Energy is a necessary sector for support human activities, 

such as education, health [1], infrastructural growth and 

economic development [2]. In developing countries, 

efforts to reduce air pollution are carried out by gradually 

shifting the use of fossil energy to alternative energy that 

is environmentally friendly [3] and sustainable [4]. 

Hydropower is one of the several types of alternative 

energy that is often found and that's air pollution free [5]. 

Research on small hydropower is currently focusing on 

differences in height or head from 2 to 30 meters, but for 
the head 0 to 2 meters or we called ultra-low head (ULH) 

undevelop. The development of turbine design, simple 

building, and economical, ULH hydropower becomes an 

attractive source of energy to be applied around the 

community [6].  
Based on the power produced, hydropower is 

classified in several scales and the smallest scale is called 

pico hydro with a power that can be produced between 0 
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to 5 kW [7]. Pico scale hydropower potential can be 

obtained in water channels or water systems, including 

pumping stations, piping systems, drainage systems, and 

other channels [8]. One of the uses of the water system as 

a pico scale generator is the horizontal pipeline with 

propeller-type turbines as energy conversion devices [8, 

9]. Propeller turbine is one type of reaction turbine that 

has many advantages including simple construction, low 
manufacturing costs, and can work with high efficiency 

values [10]. 

There are several types of propeller turbines, i.e tube 

turbine, starflo, Kaplan, and bulb turbine [10]. In 

horizontal flow tidal large power plants, bulb turbine 

shows better performance than other propeller types [11]. 

The bulb body on bulb turbine type locate before the 

runner in order to narrow the area of water flow, so the 

water velocity has increased [12]. 

An information about the effect of parameters on the 

desin of a water turbine provides the characteristics of the 

turbine so that an optimal turbine design is obtained [13]. 
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Meanwhile, the characteristics and performance of 

vertical flow propeller turbines are influenced by several 

internal parameters [14], such as internal parameters 

include the number of blades [15] and the blade angle 

[16]. 

This study aims to determine the effect of the number 

of blades and the blade angle on the characteristics and 

electrical power on the bulb turbine on a horizontal flow 

pipeline in pico scale. Moreover, this study can be 
demonstrate the relationship between the number of 

blades with the blade angle, and can be also show as the 

variable that dominates in affect to the performance of the 

turbine in terms of electrical power. This research directly 

contributed to the development of design of hydroelectric 

power plant at horizontal flow in pico scale. 

 

 

EXPERIMENTAL 
 
The design of the turbine house in the study refers to 

research conducted by Zhu et al. [11] built on a smaller 

scale according to the ratio. The design of the propeller 

turbine curvature profile refers to the study conducted by 

Ramos et al. [8] with the tip diameter and turbine hubs of 

8.48 mm and 2.56 mm. Each parameter used 4 levels, i.e 

the number of blades 4, 5, 6 and 7 while on the blades 

angle 15, 20, 25, and 30 degrees each was tested at a 

discharge of 13 L/s. Propeller turbines were manufactured 

using 3D printing with material from Acrylonitrile 

Butadiene Styrene (ABS) as shown in Figure 1 with 6 the 
blade number on 15 degrees blade angle. 

The sketch of rig test in this research is shown in 

Figure 2, using 2 pumps as circulating water from the 

reservoir. Discharge settings on 13 L/s through the drain 

before entering the main pipe using a valve. The Large 

Angle  Diffuser  used  to  uniform  the  flow  of  water 

when entering the main pipe with a larger area. While the 

3-phase  generator  specifications  are  used  170 Watt at  

 
Figure 1. 3D printing propeller turbine with 6 blade and 15 

degree 
 
 

3500 optimal rotation. Measurement of the turbine shaft 

rotation uses an infrared tachometer while measuring the 

performance of the generator using a multitester with a 5 
watt AC power load. The 3-phase converter circuit 

becomes 2 phases based on literature [17]. 

Table 1 summarized the research data (electric power) 

with two independent parameters i.e number of blades 

and blades angle of each of the four levels with four 

replication or also called 42 factorial design with 

replication. In data treatment according to Table 1 using 

the interval confidence value (α) of 0.05 or 95%, then 

analyzes the significant test and dominant factors based 

on ANOVA data processing output univariate using SPSS 

Statistics 2017 software. 

 

 

RESULTS AND DISSCUSION 
 
Turbine performance 
The results of the turbine bulb performance are shown in 

Figure 3. We can analysize the angular velocity, the 

generator power, and the efficiency. Based on Muller et 

al. [18] the water power is obtained by kinetic energy and 

mass flow rate (Pavailable = 0.5 ρAv3), so that the water 

power with turbine cross-sectional area and discharge of 

13 L/s in this study is 41.73 watt. 

 
 

 
Figure 2. The sketch of rig test 
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Table 1. Experimental result of electrical power (Watt) 

Number of blade 
Blade angle (°) 

15  20  25  30 

4 
4.488 5.504  12.528 14.220  12.616 13.440  8.064 8.064 

5.421 5.405  12.782 15.488  11.900 11.840  7.632 7.632 

5 
6.820 6.900  20.435 23.166  18.492 18.632  11.938 11.938 

6.552 8.000  19.110 23.400  17.485 19.500  11.938 11.938 

6 
6.576 6.006  17.622 18.768  14.732 12.826  10.500 10.500 

6.500 7.480  17.822 17.556  12.792 12.428  10.440 10.440 

7 
4.500 4.116  11.245 12.075  6.600 6.510  5.376 5.376 

4.687 4.180  11.375 11.725  6.201 6.560  5.405 5.405 

 

 
Figure 3a shows the curve of the effect of the blade 

angle on the angular velocity value. The curve shows the 

angular velocity value reaching its optimal point at 20 

degrees, further increasing the degree of an angle the 

angular velocity value decreases. The blade angle will 

affect the inlet and outlet curvature of the blade, the 

greater the degree of the blade angle, the outlet curvature 

of the blade will be smaller. While if the curvature of the 

blade inlet and outlet getting smaller, the performance of 
the turbine will decrease. This is due to the greater degree 

of blade angle, the axial force received by the blade from 

the water will be smaller. But in this study at 15 degrees 

shows the angular velocity value is lower than 20 degrees. 

At 15 degrees, the received axial value is greater than 20 

degrees, but the gap between blades at 15 degrees is 

getting narrower, so the water flow will be obstructed [1] 

and reduce the performance of the turbine. 

Figure 3a also shows the number blades 5, the angular 

velocity is higher than another, the value of the angular 

velocity will decrease with the addition of the blade 

number i.e th  6 and 7 number of blades. At the number 

of blades more than 5, the axial force received from the 

water flow to the turbine will increase, but the tangential 

force decreases [19]. At the number of blade more than 5, 

gaps between the blades become narrower so that the flow 

of water that passes through the blade will be increasingly 
hampered so that the performance of the turbine will 

decrease. Whereas the number of blades 4 shows the 

angular velocity value which is lower than the number of 

blades 5, this is due to the number of blades 4 axial forces 

received by the turbine are smaller and the water flow at 

the number of blades 4 and 5 is not obstructed, so the 

number of blades 5 showed the performance better than 

the number of blade 4. 

Figure 3b shows the curve of the influence of the blade 

angle on the generator power (Watt), and this curve trend 

similar to the trend curve in Figure 3a. The principle of 

the generator work converts mechanical power into 

electrical power when the rotor rotates, so the stator will 

cause  an  electric field and generate electricity,  so if the 

 
(a) 

 
(b) 

 
(c) 

Figure 3. Relation between blade angle with (a) angular 
velocity, (b) electrical power, and (c) efficiency 

0

200

400

600

800

1000

1200

1400

1600

10 15 20 25 30

A
n

g
u

la
r 

V
e
lo

c
it

y
 (

R
P

M
)

Blade Angle (⁰)

4 BLADE
5 BLADE
6 BLADE
7 BLADE

0

5

10

15

20

25

10 15 20 25 30

E
le

c
tr

ic
a
l 

P
o
w

e
r 

(W
a
tt

)

Blade Angle (⁰)

4 BLADE
5 BLADE
6 BLADE
7 BLADE

0

25

50

75

100

10 15 20 25 30

E
ff

ic
ie

n
c
y
 (

%
)

Blade Angle (⁰)

4 BLADE
5 BLADE
6 BLADE
7 BLADE



A. Nurdin et al. / Iranian (Iranica) Journal of Energy and Environment 12(3): 220-225, 2021 

223 

test load each parameter and level are the same (5 watts 

AC), the angular velocity (rpm) value affects the 

performance. If the turbine rotates faster, the generator 

power is rising, because when the turbine rotates the 

generator rotor faster, the electric field produced by the 

rotor and stator also rising and the generator produces 

greater electrical power [20]. 

The number of blades and the blade angle directly 

affect the solidity value, while solidity is the ratio of 
stream-wise length (chord) and circumferential spacing 

(pitch) of the runner blade [21]. If the solidarity value 

rises, so the distance between the blades on the runner is 

getting narrower. Based on Brijkishore et al. (2020) 

research by computational fluid dynamic. The narrower 

of the distance between the blades, the velocity of the 

streamline at outlet area rises, this is shown in Figure 4a 

the contour of the rises velocity if the number of blades 

increase, where the number of blades represents the 

narrower the gap between the blades. The rise of the 

velocity on streamline at the outlet side of the runner, the 

vortex increase (Figure 4b), and this increasing of the 

vortex cause the blocking effect at the flow of water, 

which further reduces the performance of the propeller 

water turbine. 

Evaluation of the performance of a turbine can be seen 

from the value of the ratio between the available power 

and the power generated, or we call it efficiency. Figure 

3c shows the highest efficiency value of this study 

reaching about 50% at 20 degrees with a number of blades 

of 5, and slowly decreasing at 25 and 30 degrees. While 

the lowest efficiency value is shown at a slope of 15 
degrees with a value that is far different than another 

degree angle, this is due to the turbine blade's 15 degree 

is not able to convert the available power properly. 

 

Analysis of variance (ANOVA) 
This section explains the effect of each independent 

parameter on the dependent parameter and explain the 
relationship between the dependent parameter. The test 

results show a significant effect if the significance value 

on the ANOVA test results is below the value of the 

confidence interval and in this study below 0.05. 

Table 2 summarized the results of ANOVA SPSS 

output   with  a  significance  result  below   0.05  on   the  

 
 

  
(a) (b) 

Figure 4. Sreamline in runner different solidity simulation at (a) runner (b) draftube [21] 
 
 

Table 2. ANOVA SPSS result output 

Tests of between-subjects effects dependent variable: electrial power 

Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model 1629.625a 15 108.642 142.326 0.000 

Blade Angle 958.742 3 319.581 418.665 0.000 

Number of Blade 557.520 3 185.840 243.459 0.000 

Blade Angle * Number of Blade 113.363 9 12.596 16.501 0.000 

Error 36.640 48 0.763   

Total 9371.703 64    

Corrected Total 1666.265 63    

a. R Squared = 0.978 (Adjusted R Squared = 0.971) 
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number of blades, the blade angle, and interactions of 

both. This shows that each level of each independent 

parameters (number of blades and blade angle) has a 

significant effect on the dependent value parameter 

(electric power). Based on the F-value the blade angle 

parameter is a more dominant effect on the dependent 

parameter compared to the parameter number of blades 

turbine. 

Table 2 also states the corelation between the 

independent parameters and the dependent parameter 

from R Squared value, If the value of R Squared gets 

closer to 1 so the corelation gets stronger. In this ANOVA 

test, the R Squared value of 0.978 shows a very strong 

relationship between the independent parameters 
(number of blades, blade angle, and number of 

blades*blade angle) and dependent parameter (electric 

power) [22]. 

 
 
CONCLUSIONS 
 
Data, analysis of experimental tests and ANOVA tests are 
presented in this paper. Based on the results of testing 

with the blade number 5 and 20 degrees blade angle 

shows the best performance compared to the number of 

blades and another blade angle. This study also shows the 

blade angle is more dominant effect to the electric power 

than the number of blade, besides that there is a very 

strong correlation between independent and dependent 

parameters. With the efficiency value (power available 

for electrical power) reaching 50%, the design of a small 

bulb turbine water is feasible to be applied to the 

community. 

Based on the results of the ANOVA test, this study 

contributes that the blade angle parameter has more 

influence on the performance of the propeller turbine than 

the number of blades, so that in designing the propeller 

turbine especially in horizontal flow, the blade angle 

parameter must be considered. 
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Persian Abstract 

 چکیده

مطالعه با هدف مشاهده  ینهستند. ا یکوپ یاسمق یبرق آب یلپتانس یدارا یافق یانجر یهاکانال یرپمپاژ و سا هاییستگاه، امانند خطوط لوله یآب هاییستمس

 انسیوار یهبا استفاده از تجز مچنینمطالعه ه ینانجام شده است. ا ،یافق یانجر یالمپ کوچک بر رو یندر تورب ،برق یدبر تول یغهت یهها و زاوتعداد پره یرتأث

 7و  6، 5، 4مورد استفاده  یهایغهت یگذارد. سطح تعداد پارامترهایم یرتأثشده  یدتول یکیها بر توان الکتریغهت یهها و زاویغهکند که چگونه تعداد تیم ررسیب

مقاله  ینا ت. قرار گرف یشمورد آزما L/s  13 یهدر تخل کرارت 4 با بود و هر سطح درجه 30و  25، 20، 15 یغهت یهاوسطح در ز یکه پارامترها ی، در حالبود یغهت

 یجدهد. نتاینشان م SPSS 17 افزاربا استفاده از نرم یانسوار یهتجز یشآزما یجو نتا یی، کارایکی، توان الکتریایهرا در قالب سرعت زاو ینعملکرد تورب یجنتا

درصد  50حدود  یبا بازده ها،یغهت یهها و زاویغهت یگربا تعداد د یسهعملکرد در مقا یندرجه با بهتر 20 یغهت یهبا زاو 5 هاییغهدهد که تعداد تیمطالعه نشان م
 .دگذاریم یرتأث یکیها بر قدرت الکتریغهاز تعداد ت یشترب یغهت یهدهد که زاوینشان م یانسوار یهتجز یجاست. نتا

 


