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Abstract: The demand for electricity in developing country is alarming. The national grid power supply sources are 

insufficient and are not distributed effectively, hence the need to design and develop alternative source of power supply 

that can be harness locally. In this work a micro water turbine design was presented that could be used in laminar (low) 

flow to produce electricity using water storage overhead reservoir tank as a source of water couple with generators. The 

flow of water has kinetic energy to turn water turbine for the production of electricity. The energy produce is clean and 

does not cause global warming. The water turbine was design and model using SolidWorks engineering drawing software. 

The formulae for the calculation of flow and capacity parameter were highlighted. The water would flow from the water 

reservoir tank at a speed range of 3 m/s to 5 m/s to turn the water turbine. The flow rate of water from the jet would hit 

the cup on the runner causes the turbine to rotate due to the pressure by the flow of the water with 16 cups. The turbine 

would produce a runner rotation range of 5 rpm to 100 rpm with a torque of 3350 Nm. The water turbine could generate 

a power up to 35 kW and the water recycled into the overhead reservoir tank via water pump. The water pump will be 

powered by the electrical energy generated from the coupled generator to the water turbine. This will bring about the 

optimization of available water sources utilization and the production of power higher efficiency. The longevity of 

hydroelectric power plants makes it economically viable for the generation of electricity. 
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I. INTRODUCTION 

Turbine is any of various devices that convert the energy in a stream of fluid into mechanical energy. The conversion is 

generally accomplished by passing the fluid through a system of stationary passages or vanes that alternate with passages 

consisting of finlike blades attached to a rotor. By arranging the flow so that a tangential force, or torque, is exerted on 

the rotor blades, the rotor turns, and work is extracted [1]. Turbines can be classified into four general types according to 

the fluids used as water, steam, gas, and wind. Although the same principles apply to all turbines, their specific designs 

differ sufficiently to merit separate descriptions [2]. Water turbine is a rotary machine that converts kinetic energy and 

potential energy of water into mechanical work. Water turbines may be defined as prime movers that transform the kinetic 

energy of the falling water into mechanical energy of rotation and whose primary function is to drive an electric generator. 

One cubic meter of water can give about 9800 Joules of mechanical energy for every meter it descends and a flow of a 

cubic meter per second in a fall of 1 meter can provide 9800 W of power [3].  [4] studied on hydroelectric power plant 

design and a computer program was developed named Hydro Electric Plant Specification. This computer software was 

used for the rapid determination of plant specifications for different dams. 

[5] reported that household in this contemporary time uses electricity for domestic comfort. The researcher stated that 

most functions of our society were based on the use of energy. It was concluded that elaborate networks of energy supply 

had been developed in the last three centuries in which electricity was fed into communities by the transmission lines of 

the electric grid at high voltage. 

According to the [5] stated that water cycle occurred naturally and this resulted to rainfall which transferred millions of 

tons of water annually to high elevations with significant potential energy. The river that flows on the planet carry the 

very high amounts of potential and kinetic energy, which currently turn the turbines of several hydroelectric power plants 

and have the capability to provide at least 25 % of the total electric energy demand of the planet.  
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The commonly used turbine is Pelton wheel type, this turbine uses spoon shaped buckets to harness the energy of failing 

water. It consists of a rotor equipped with buckets along the whole periphery of the turbine. The buckets are of elliptical 

shape. The quantity of water discharged by the nozzle can be controlled by controlling the nozzle’s opening by means of 

needle placed in the tip of the nozzle [6; 7]. 

A water turbine uses the potential energy resulting from the difference in elevation between an upstream water reservoir 

and the turbine exit water level (the tailrace) to convert this so-called head into work. Today, the primary use of water 

turbines is for electric power generation. Now they are mostly used for electric power generation. Water turbines are 

mostly found in dams to generate electric power from water potential energy [8; 2]. 

The earliest known water turbines date to the Roman Empire. The horizontal water wheel with angled blades was installed 

at the bottom of a water-filled, circular shaft. The water from the mill-race entered the pit tangentially, creating a swirling 

water column which made the fully submerged wheel act like a true turbine [9; 10; 11]. The water wheel operation from 

converting the potential to kinetic energy as shown in Fig. 1.  

 

 
Fig. 1: Operation of a water wheel (Efstathios, 2012) 

 
The precise shape of water turbine blade is a function of the supply pressure of water, and the type of impeller selected. 

In an impulse turbine the potential energy or the head of water is first converted into kinetic energy by discharging water 

through a carefully shaped nozzle. The jet discharged into air is directed onto curved buckets fixed on the periphery of 

the runner to extract the water energy and convert it to useful work. Impulse turbines change the velocity of a water jet 

[7].  

[12] worked on spillage impulse water turbine and presented that flood water in the spillway can be effectively utilized 

for electricity generation.  Type of impulse turbines as shown in Fig. 2. Currently, there was advancement on green 

energy technology and easy to get a generator with the right specification for micro-hydro power plant development [13]. 
 

 
Fig. 2:  Imupulse Turbines [3] 

 

[12] studied on comparative assessment of savonius water turbine with conventional savobius wind turbine. The result 

that was obtained suggest that the savonius water turbine with the highest coefficient of power (Cp) value of 0.343 is 

dominant over savonius wind turbine. Pelton turbines are best suited for high head and low flow sites. [15] investigated 

that a propeller-type hydrokinetic turbine was as a solution for a portable micro-hydrokinetic turbine. The turbine is to 
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utilize the potential and kinetic energy of a conventional water supply by means of access to streams and small waterfalls 

[16; 17]. Depending on water flow and design, Pelton wheels can operate with heads as small as 15 meters and as high 

as 1800 meters. As the height of fall increases, less volume of water can generate same power. Turbine selection is based 

on the available water head, and less so on the available flow rate. In general, impulse turbines are used for high head 

sites, and reaction turbines are used for low head sites [18; 19]. This alternate source of energy for house hold electric 

energy requirements are very essential and also important that this source should be portable and easily operated by 

common man [17]. This water turbine under investigation is designed for domestic hydroelectric generation. 

 

II. METHODOLOGY 

The solid works engineering design drawing software was used to draw the isometric and orthographic view of the water 

turbine for the domestic electric energy generation. The pelton type of water turbine was adopted for the design. The 

drawing involved the Case, Runner, Shaft, Bearings (rolling type), water pipe, water tanks, water turbine, water pump, 

metal base and metal support. 

The material of the runner and buckets should be chosen according to the head material of the runner and also the buckets 

according to the head, stresses, content of sand in the water and other strain factors. For the large turbines the main strain 

factors are cavitation, sand erosion and cycle fatigue. Limitations however is that bucket shape always will be a 

compromise between a hydraulically ideal and a structural optimum design. The shape of the buckets is decisive for the 

efficiency of the turbines [3]. 

 

A.  Description of the Micro Water Turbine 

[3] design initiative was adopted in which the runner disc would be fastened to the shaft by bolts and nuts. The turbine 

shaft of vertical micro water turbine contained an integral flange at both ends. A hole was provided centrally through the 

whole length of the shaft. Journal and thrust bearings are provided with circulating grease to carry the heat dissipated by 

the shaft and bearings. The distributor pipe is designed to provide an acceleration of the water flow through the water 

tank towards the main injector or jet at the turbine inlet. This design is advantageous, because it by contributes in keeping 

a uniform velocity profile of the flow. The injection of the water flow to the runner cups or buckets as shown in Fig. 3. 

 

 
Fig. 3: Water Turbine [20]   

 

B. Micro Water Turbine Specifications Parameters 

The specification parameters for the designed micro water turbine as follows:  

Gross head: 10 to 15 m 

Net head: 10 m 

Jet Velocity: 3 – 5 m/s 

Speed: 5 to 100 rpm 

Jet diameter: 5 mm 

Pitch diameter of the wheel: 35 mm 
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Power: 35 kW  

 

C.  Specific Energy of Micro Water Turbine  

[3] stated that the specific energy of a hydropower system is the quantity of potential and kinetic energy which one 

kilogram of the water delivers when passing through the system from an upper to a lower part of the water reservoir. The 

expression of the specific water energy is J/kg. The pictorial view of runner with cups as shown in Fig. 4. 

 
Fig. 4: Runner with Cups 

 

[3] gave some foundational idea on hydraulic turbine principle which was adopted in the design analysis of the micro 

water turbine for the domestic power generation. The idea was also supported by [20]. 

 

III. DESIGN ANALYSIS OF THE MICRO WATER TURBINE 

Gross Head is the difference between the head race and tail race level when there is no flow and also termed as static 

head. The difference between the level of the upper reservoir Zres and the level of the tail water Ztw is defined as the gross 

head. 

Effective Head is the head available at the inlet of the turbine. The effective head above the turbine. It is obtained by 

considering all losses. It means the gross head minus total loss  

 

Equation 1 to 21 were used for the design analysis of the micro water turbine according to [21; 5; 3; 20]. 

Hg = Zres − Ztw          1 

The corresponding gross specific hydraulic energy  

Eg  = g Hg            2 

Eg is the gross specific energy; Hg is the gross head; g is the acceleration of gravity. 

The difference in specific energy from inlet to outlet of the runner of the water turbine could be expressed by equation 3. 

For still water, net head is the difference in height between the inlet and outlet surfaces. Moving water has an additional 

component added to account for the kinetic energy of the flow. The total head equals the pressure head plus velocity head 

as given in equation 5. The effective head of the turbine could be expressed as the net head as given in equation 7. 

The corresponding net specific hydraulic energy  

En  = g Hn          3 

The net head of the turbine  

Hn = 
En

g
            4 

Hn = hp + 
V2

2g
           5 

Hn = Hg − 
EL

g
           6   

Hn = Hg − HL           7 

hp is the piezometric head above tail water level or pressure head (
PB

ρg
);  

V2

2g
 is the velocity head the velocity head; 

EL

g
 is 

specific hydraulic energy loss; Hn is the net head; HL is the total loss. 
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A. Power of the Water Flow  

The total power recovered from the river flow as given in equation 8. The torque on the water wheel is denoted by T 

and the angular velocity by ω. 

P = Tω                       8 

[5] reported that the harnessing of hydroelectric power relies on the difference of the potential energy of the water and 

the mass flow rate of the water flow. The maximum amount of power that may be produced by a stream of water flowing 

at mass flow rate �̇�; when it falls over a height by ∆H 

Pmax  =  ṁg Hn  

When a water discharge, Q (m3/s) passes through the water turbine, the delivered power is 

Pg  =  ρQg Hg            9 

Pg  is the gross power of the turbine; ρ is the density of the water; Q is the discharge. 

 

B. Velocity Triangle for Micro Water Turbine 

The velocity triangle and velocity diagram adopted for the micro water turbine as shown in Fig. 5 and 6. 

(a) Ideal Fluid Velocities for Water Turbine  

(b) Relative Velocities for Water Turbine 

(c) Inlet and Exit Velocity Triangles for  Water Turbine 

 
Fig. 5: Velocity Triangle for Pelton Water Turbine [3]. 

 

 
Fig. 6: Velocity Diagram [22]  

 

Vb is the Tangential velocity of blade; V is the Absolute velocity of fluid; W is the Velocity of fluid relative to blade. 
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1. Selection of Turbine on the Basis of Specific Speed: 

The specific speed NS is the most important characteristic for water turbines. It is a measure of the ratio of water velocity 

to rotational speed. The selection could be base in term of power developed by the water turbine as given in equation 10. 

NS= N
P

1
2

H
5
4

                  10 

NS is the specific speed; n is in revolutions per minute; P is the output in watt; H is the head of water in metre. If NS 

ranges from 1 to 20, corresponding to high heads and low rotational speeds, impulse turbines are appropriate [2]. A 

distinction is made between low-speed turbines, where the water velocity is significantly higher than the peripheral speed, 

and high-speed turbines, where the situation is reversed as stated in equation 11 according to [20]. 

NS= N
Q

1
2

H
5
4

           11 

N is the rotational speed, Q the flow rate and H the head of the water turbine. The ratios are made clear in the velocity 

triangle.  

 

2. Work Done for Micro Water Turbine: 

The actual work produced by the hydraulic turbine is lower than the maximum work because of the finite efficiency of 

the turbine, which is typically in the range 72–84% as given in equation 12 according to [5]. 

Ẇ  =  ηṁgH            12 

η is the efficiency of the turbine; ṁ is the mass flow rate of the water; H is the head of water in metre; g is the acceleration 

of gravity. 

Tangential velocity at inlet of water turbine  

V𝑏1  = W1   +  V            13 

Tangential velocity at outlet of water turbine 

Vb2  = W2Cosβ +  V           14 

Velocity of fluid relative to blade does not change as it is deflected by the buckets. Assuming, W1 = W2; V1 =  V2 = V 

Vb2 – Vb1 = (V − Vb1) (1 - Cosβ)         15 

 

IV. POWER AND TORQUE FOR MICRO WATER TURBINE 

This change in tangential component of velocity combined with torque and power equation gives 

Tshaft = ṁrm(V
b2

 – Vb1) = ṁrm(V − Vb1) (1 - Cosβ)      16 

V = ωrm 

Pshaft = Tshaft ω = ṁV(V − Vb1) (1 - Cosβ)       17 

P = ρ Q (V2 Vb2 − V1 Vb1)         18 

V1  = V2= V and (Vb2 − Vb1) = Vb   

P =  ρ Q V (Vb2 − Vb1) = ρ AV 2(Vb2 − Vb1)       19 

P = ρ AV 2(Vb2 − Vb1) = ρ AV 2(Vb2 − Vb1)  = ρ AV 2(Vb)     20 

When runner is at standstill (V = 0), Power would be zero; when V =  0.5 Vb , Power would be minimum; when V =  Vb, 

Power would be maximum. 

Typical theoretical and experimental power and torque relation for a Pelton turbine as a function of bucket speed which 

was adopted for this present study. Euler turbine equation could be adopted to express the hydraulic efficiency. 

According to the [21] presented that the hydraulic efficiency of a turbine excludes friction losses on the outside of the 

runner, leakage loss of water that does not pass through the runner blades and mechanical friction losses in which the 

hydraulic efficiency of a well-designed turbine is 98-99%. The effects of friction could be determined by the Reynolds 

number as given in equation 21 according to [2] which reduces the hydraulic efficiency to a typically in the range 72–

84 %.  

Reynolds number, Re =
density × rotational speed × runner diameter squared

viscosity
=

ρ×N×D2

μ
        21 

[20] presented that the turbine characteristic curve depicted the typical behaviour of a water turbine. The water turbine is 

preferably operated at the operating point (1), where it has the highest efficiency. The torque in a Pelton turbine 

corresponds to roughly half of the stall torque at point (3). The turbine speeds up to the runaway speed at point (2) when 

it is not under load. This over speed could be up to twice the design speed and may result in severe damage to the turbine. 
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A speed controller should be incorporate to prevent any damage by closing the distributor and throttling the water supply. 

The characteristic of water turbine parameter depicted as shown in Fig. 7. 
 

 
Fig. 7: Speed –Torque Characteristic of Water Turbine [20]. 

 

V. RESULTS AND DISCUSSIONS 

The results of the designed micro water turbine were presented in Fig. 8 to 10. The power to be generated is 35 kW, 

torque of 3350 Nm and rotational speed range of 5 rpm to 100 rpm. The water reservoir could maintain the water flow to 

the water wheel at a controlled rate, thus increasing the potential energy that may be converted to kinetic energy through 

the water turbine to turn the coupled generator to produce electric power. 

 
Fig. 9: Isomeric View of the Micro Water Turbine for Domestic Power Generation 
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Figure 10: Exploded View of the Micro Water Turbine for Domestic Power Generation 

 

 
Fig. 11: Orthographic View of the Micro Water Turbine for Domestic Power Generation 

 

VI. CONCLUSION 

It has been shown that the micro water turbine designed gives details analysis and pictorial view of how it takes to 

generate electric power for domestic used.  The power to be generated is 35 kW, torque of 3350 Nm and rotational speed 

range of 5 to 100 rpm. This design could be adopted in generating meaningful electric power via household water tank 

reservoir. The typical turbine-generator could have 75 % efficiency. 
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