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Abstract- The effect of the included blade angle on a simplified Pico hydro system currently undergoing development was investigated. 
Five turbine runners having 6 v-shaped blades with included angles of 30o, 60o, 90o, 120o and 150o were fabricated and tested on system. 
The alternator shaft speed, water level in the reservoirs and the voltage generated were measured for each blade angle. The results ob-
tained indicated that the speed and hence the voltage decrease as the blade included angle of increases. A maximum speed of 1810 rpm 
and a corresponding voltage of 224 V were obtained with 30o included angle which decreased progressively to 1750 rpm and 218 V for 
150o. These results suggest that for optimum performance of the Pico hydro turbine, smaller included blade angles for the configuration 
used translating to deeper blades are necessary. Further reduction of the included angle beyond this range will require much smaller water 
jets however. This observation is useful in the further development of this system for use in buildings and small workstations in isolated lo-
cations as long as water for the reservoir is available. This system can potentially reduce dependence on petroleum operated systems and 
contribute towards mitigating the epileptic power supply of the national grid while curbing the problem of environmental pollution, restive-
ness and the threat of terrorism with the attendant high rates of sabotage and vandalization. 

Index Terms - Blade included angle, environmentally friendly, epileptic power supply, Pico hydro system, shaft speed, turbine runners, v-
shaped blades, voltage 

——————————      —————————— 

1 INTRODUCTION                                                                     
HE challenge of the 21st century is how to develop sus-
tainably and maintain the quality of life for a growing 
population with higher expectations for well-being [1], [2]. 

Underlying this challenge is the need for sufficient and sus-
tainable supplies of energy to provide the economic activity 
underpinning these expectations [3]. Hence, energy can be 
considered as a prime agent for wealth creation and economic 
development. Historical data attest to a strong relationship 
between availability of energy and economic activities [4]. 

Humanity, however, have been faced with the problem of 
energy from time immemorial. Energy scarcity is becoming 
widespread and persistent and it has plagued many develop-
ing countries for decades. Developed countries too are now 
becoming more acutely aware of the risk of energy scarcity 
following recent developments in the world energy market [5], 
[6], [7], [8]. In recent years, oil and coal prices have risen geo-
metrically and developing countries are no longer strangers to 
blackouts and are worried about energy scarcity as nearly 
every aspect of development from reducing poverty to im-
proving health care requires reliable access to modern energy 
services [9]. 

Currently the global energy demand is rising fast as popu-
lation and emerging economies like China and India are grow-
ing exponentially with small and medium enterprises spring-

ing up. In developing countries of Africa like Nigeria, the in-
ternational energy agency forecasts that energy demand 
would be 50% higher in 2030 than they are today [4], yet fossil 
fuels on which the world depend are finite and are far from 
environmentally friendly. This therefore is gradually drifting 
the world’s attention from non-renewable to potential renewa-
ble energy resources for power generation like wind, solar and 
hydro power resources [10], [11]. Renewable energy currently 
constitutes 15% of the world’s energy mix with hydropower 
making 90% of it [12]. 

Hydropower is the energy from falling water and is a prov-
en technology for electricity generation. Amongst all renewa-
ble sources of energy it is the most reliable and cost effective 
accounting for 19% of global electricity production from both 
large and small power plant second only to fossil fuels [13], 
[14], [15], [16], [17]. 

Electricity plays a very important role in the socio-
economic and technological development of every nation. The 
electricity demand in Nigeria and other developing countries 
far outstrips the supply and the supply is epileptic in nature 
[18]. These countries are faced with acute electricity problems, 
which are hindering their development and economic growth 
despite the availability of vast natural resources in these coun-
tries. Although smaller off grid systems are available, there 
have been noted to be inefficient. A need therefore exist for the 
development of alternative sources of power [19], [20], [21]. 

The world has endless potential for hydropower genera-
tion. Numerous hydropower stations have been built all over 
the world and a large number of hydro power projects with a 
capacity of 100, 000 MW currently going on globally with Asia 
having the largest contribution of 84, 000 MW [22], [23]. Nige-
ria is richly endowed with abundant water resources whose 
potential is 14,750 MW of power. About 1980 MW of this po-
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tential is explored at Kainji, Jebba and Shiroro hydropower 
stations, each contributing 760 MW, 600 MW, and 540 MW 
respectively, leaving 12,200 MW unexplored [24]. This implies 
that only 14 % of the nation’s hydropower potential is in use. 
The country currently experiences an epileptic power supply 
as a result of its in ability to exploit its vast hydropower poten-
tial in addition to the fact that the available large hydro power 
plants are not operating up to installed capacity [25]. 

As larger scale hydro schemes are becoming a challenge 
due to socio-economic and environmental concerns, small hy-
dro schemes continue to gain increasing popularity especially 
in remote areas due to its simplicity in design, ease of opera-
tion, low environmental impacts in comparison to larger hy-
dro power scheme [26], [27], [28]. Furthermore, communities 
could take advantage of simple drinking water projects or irri-
gation systems to install small hydro schemes [29]. 

Pico hydro (< 5 kW) is the smallest standalone power gen-
eration mostly installed to supply small loads. Over the last 
few decades, it has been proven as a cost effective, clean and 
reliable method of generating electricity and mechanical pow-
er for off-grid applications and will play an important role in 
rural electrification into the foreseeable future [13]. In Nepal 
for instance, Three hundred Pico hydro schemes constructed 
by practical action are producing electricity while 900 others 
are used for mechanical power only [30]. Pico hydro has be-
come more prevalent in sub-Saharan Africa as well, where 
electrification rates are some of the world’s lowest [31]. Al-
though Nigeria has successfully benefited from large and 
small scale hydropower to generate electricity but little or no 
efforts are been made towards utilizing hydro generation in 
the range of micro and Pico hydro systems, despite its availa-
ble potential [32]. If fully utilized it would contribute remark-
ably to reducing the energy problems of domestic and com-
mercial consumers in addition to providing a cheap source of 
power to remote areas where the extension of grid system is 
comparatively uneconomical. 

Pico hydro systems like other decentralised systems are not 
prone to sabotage and terrorist attacks as individuals and 
communities take responsibility of safeguarding their own 
facilities (Edeoja et al, 2015b). While Pico hydro present signif-
icant advantages including cost over other methods of electric-
ity generation, its implementation also present several chal-
lenges including a heavy dependence on site specific condi-
tions for scheme design [33], [34], [35]. Off the shelf systems 
have been designed to reduce the site specific design but this 
does not completely eliminate the need for technical expertise 
and periodic maintenance [36], [37]. Also, besides the re-
quirement of flowing water, the exploitation of hydropower 
requires civil works which constitute the major cost and elec-
tromechanical devices such as a turbine and generator. To fur-
ther reduce the cost of the technology standard pumps and 
induction motors could be used in place of conventional gene-
rators and turbines [38], [39], [40], [41]. 

Pico hydro has been found to be more cost effective com-
pared to diesel, photovoltaic and wind sources of power gen-
eration for off grid electrification; especially in rural areas [42], 
[43], [44]. Pico hydro systems are reliable as individuals or 
communities could protect their facilities from sabotage and 
terrorist attacks. Although Pico hydro has enormous social 

and environmental benefits, it still harbours some disadvan-
tages among which are its site specific nature, high capital 
costs and lack of support from government institutions which 
all serve as barriers for adopting the scheme [45], [46], [47]. 

The turbine blades are a major part of the turbine they are 
usually made of steel and are fixed at regular interval around 
the circumference of a hub to form the runner. The blades are 
pushed by the falling water tangentially around the wheel. 
The thrust produced by the water on the blades produces tor-
que on the shaft and as a result the wheel revolves. The Shape 
of and dimensions of turbine blades has evolved for maximum 
efficiency through experience and theoretical modelling over 
many years [48], [49], [50], [51]. However currently published 
literature provides few details on blade angle of inclination. 
Recent research on blade geometry aimed at improving the 
functionality and efficiency of hydro power systems all over 
the world are continually being carried out. Alnakhlani et al 
[51] in Sebelas Maret University, Indonesia studied the effect 
of the bucket and nozzle dimension on the performance of a 
Pelton water turbine. Their results showed that there is a pro-
portional relationship between the efficiency rate and the size 
of bucket and angle attack. Efficiency increases with the in-
crease in bucket size. Chukwuneke et al [50] at Nnamdi Azi-
kiwe University, Awka, Nigeria also conducted an experimen-
tal investigation of the effect of head and bucket splitter angle 
on the power output of a Pelton turbine. They obtained a max-
imum power output at splitter angle 23o followed by 21o, 15o, 
10o and 3o using varied turbine speed (1700, 1400, 1200 and 
1000rpm). The force generated by the bucket due to the splitter 
was increased as the turbine speed was increasing. 

This study seeks to find the optimum blade angle of incli-
nation for the simplified Pico hydro turbine, in order to im-
prove its efficiency and provide additional data in this area of 
study. This system involves an overhead water reservoir with 
a locally fabricated turbine at its foot [52]. It is widely accepted 
that there is a strong correlation between socio- economic de-
velopment and the availability of electricity. Nigeria has expe-
rienced an economic backdrop in the recent past as its electric-
ity demand far outstrips the supply and the supply is epileptic 
in nature. Developing Pico hydro schemes which are cheaper 
and reliable means of power generation for urban homes, 
communities and rural dwellers would help improve the 
standard of living and the economic state of the country. Fur-
thermore its impact on the environment is more benign. 

2 MATERIALS AND METHODS 
The runner comprised of a circular hub with six blades welded 
around its periphery. The hub and blades were fabricated from 
2 mm and 1.5 mm thick mild steel sheet respectively. The rea-
sons for using mild steel include its good weldability, machi-
nability in addition to the availability of the material at an af-
fordable cost compared to other metals. In constructing the 
runner a 24 mm diameter circle with six rectangles of dimen-
sion 140 mm x 80 mm were measured and marked out on the 
2 mm and 1.5 mm metal sheets respectively. The shapes were 
cut off the sheet with an angle grinder trimmed and filed with 
a hand file to achieve desired edge smoothness. A 20 mm di-
ameter hole was drilled centrally on the circular disc with four 
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10 mm holes at 90  to the central hole for passage of the shaft 
and securing the runner to the flange respectively. The rectan-
gular sheets were then folded along their centre lines to in-
clude an angle of 30 . Scrap metal pieces were trimmed were 
welded to cover the blades ends. The blades were finally 
welded at 60  intervals around the circumference of the hub. 
The remaining four runners were formed using the same pro-
cedure but with the blades folded at 60, 90, 120 and 150 . Fig. 1 
shows one of the runner assemblies used for the study. 
 

 
Fig. 1:  The Runner Assembly 

The runner was then clamped to the shaft flange with four 
M10 bolts and mounted in between two bearings and seals in 
the turbine casing. The turbine cover was then secured in posi-
tion with M14 and M13 bolts and the turbine pulley was se-
cured to the end of the shaft. Fig. 2 shows an assembled tur-
bine. The upper and lower ends of the penstock were then 
connected to the overhead tank and the nozzle respectively. 
Care was taken to aligning the turbine runner, casing and the 
nozzle so as to ensure a clearance of 5 mm between the runner, 
penstock and nozzle. The turbine was coupled to a 2.5 kVA 
alternator via a toothed v-belt drive.  
 

 
Fig. 2:   The Assembled Turbine [52] 

The experimental system in this study consisted of a pump 
and a locally fabricated turbine connected in a closed loop 
with a combination of two diameters of PVC piping as pens-
tock, a 2000 l overhead tank and a 3000 l underground reser-
voir. The penstock consisted of a combination of 3 and 2 inches 
diameter pipes in the ratio 5:1 with the smaller diameter exit-
ing into the turbine [53], [54]. The suction pipe of the pump 
draws water from the underground reservoir to the overhead 
tank to create a head. Water is released from the overhead tank 
through the penstock and terminating in a tapered nozzle. The 
flow through the turbine is regulated using a gate valve in-
stalled before entry to the penstock. The water jet strikes the 

blades which are attached to the periphery of the hub, thus 
transferring its kinetic energy to the shaft causing the rotary 
motion of the hub and the shaft assembly. A 300 mm diameter 
pulley is connected to the turbine shaft and transmits power to 
a 50 mm diameter pulley connected to the alternator via a 
toothed v- belt drive in a step up ratio of 1:6, causing the rota-
ry motion of the alternator shaft, thereby generating voltage. 
The water in the turbine casing is directed through an outlet 
port into the underground reservoir from where it is recycled 
to the overhead tank by the pump rated 1.0 Hp with a flow 
capacity of 50 l/min.  A tachometer and a multi -meter were 
used to measure the speed of generator and turbine as well as 
respectively for each blade angle of inclination. Fig. 3 shows 
the entire system. 
 

 
Fig. 3:  The whole Experimental Setup 

During the experiment the water level in the reservoir and 
overhead tank before and after the flow were continually 
measured with a calibrated dip stick and the time of flow was 
also taken. The difference in water level for the underground 
reservoir was used to compute the flow rate. The water level in 
the overhead tank before the flow is used in computing the 
gross head. Other constant parameters taken were the total 
length and diameters of the penstock, the bends and geometry 
of the penstock were also taken and used to compute the ma-
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jor and minor losses. The same procedure was repeated for all 
the four runners.  

3 RESULTS AND DISCUSSION 
Fig. 4 shows the variation of alternator shaft speed with the 
blade included angle. The figure shows that the speed de-
creases with increase in the blade included angle from a max-
imum of 1810 rpm for a blade angle of 30o to a minimum of 
1750 rpm at an angle of 150o. The decrease in the speed is as a 
result of increase in drag forces brought into play. As the blade 
angle of inclination increase, the rotational quality of the run-
ner decreases due to the difficulty of the wider blades to cut 
through the fluid in the turbine casing [27], [30], [51], [55]. 
However, narrower blade angles enhance smoother blade en-
try into water thus increasing rotational quality of runners. 
The trend was a second-order polynomial shown as (1). It de-
picts that fact the smaller included angles favour the devel-
opment of higher voltages. 
 
                                    (1) 
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Fig. 4:  Variation of Alternator Shaft Speed with Blade included Angle 

The voltage also varied in a similar trend as the shaft speed 
since voltage is directly proportional to the speed. This is 
shown in fig. 5. A maximum voltage of 224 V at a blade angle 
of 30o and the minimum of 218 V at 150  were obtained. The 
second-order polynomial trend shown as (2) clearly shows 
that for an increasing blade included angle the voltage. Hence, 
as expected, the voltage progressively increased with increase 
in speed up to a maximum of 224 V at 1810 rpm since voltage 
is directly proportional to shaft speed as earlier stated.  
 
                                  (2) 
 

Fig. 6 shows the graph of voltage plotted against speed. The 
figure shows that voltage increases with the shaft speed and 
this agrees with the usual behaviour of alternating voltage 
generators. The decrease in voltage as the included angle in-
creases directly derives from the fact the increased drag forces 
on the wider blades due to their inability to cut smoothly 
through the water in the turbine casing result in decreased 
shaft speed. 
 

 
Fig. 5: Variation of Voltage with Blade included Angle 

Equation 3 shows the relationship between them is a third 
order polynomial. The equation generally shows that the vol-
tage developed directly depends on the speed of the shaft of 
the alternator. However, the polynomial trend could be as a 
result of some other system parameters which are not yet ob-
vious but may have a bearing to the alignment of the water jet, 
smoothness of the surfaces and the like [27], [49], [50], [55]. 
 

 (3) 
 

 

Fig. 6: Variation of Voltage with the Alternator Shaft Speed 

 
Table 1 shows the analysis of variance of the alternator shaft 

speed and the voltage developed for each of the v-shaped 
blade included angle at 5% level of significance. The results 
show that the variation in these parameters at this level of sig-
nificance varied significantly from one included angle to 
another thereby establishing statistically the effect of the varia-
tion of the angle on the performance of the Pico hydro system. 
 

TABLE 1 
ANOVA OF THE ALTERNATOR SHAFT SPEED AND 

THE VOLTAGE DEVELOPED FOR THE BLADE        
INCLUDED ANGLES 

Source of 
Variation SS df MS F P-value F crit 

Rows 1311.456 4 327.864 1.472461 0.358427 6.388233 

Columns 6129637 1 6129637 27528.64 7.92E-09 7.708647 

Error 890.656 4 222.664 
   

Total 6131839 9         
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4 CONCLUSION 
A study to determine the effect of v-shaped blade included 
angle on the performance of a simplified Pico hydro system 
has been conducted. The results obtained indicated a maxi-
mum speed and voltage of 1810 rpm and 224 V respectively 
for 30o included angle which decreased progressively to 1750 
rpm and 218 V for an angle of 150o. Hence, based on the re-
sults of this work, it can be concluded that the speed and vol-
tage generated by the Pico hydro system decrease with an in-
crease in blade included angle. The increased performance of 
this turbine indicates that this system could be used to gener-
ate power for house hold use.  

The results obtained in this work can further be improved 
and complemented with the following research suggestions:  

1. Standard turbine housing with built in nozzle mounts 
which allows for large scale adjustments and accommo-
dates different runner sizes should be incorporated 
since small jet misalignments can have a significant 
negative effects on turbine efficiency. 

2. Larger diameter pipes should be used in transferring 
water to the overhead tank to sustain the flow circle. 

3. Lighter metals such as aluminium should be used in 
fabricating the runners and blades as heavier meals like 
mild steel adds to the inertia and thus decrease turbine 
performance. 
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