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Abstract— Now day energy consumption is the major issue 

for the humankind. So we move towards the renewable 

energy to satisfy our need. In this research paper we are 

present a system in which the energy is generated by the 

flow of water in the pipe. This is used to produce the energy 

with the help of the tank and water turbine in the pipe. This 

setup is used in rural area in which the electricity is not 

provided or in the urban area for lightening streetlights, 

traffic signals and any other purposes. Nearly 30 kW power 

developed by this system which is used In small village area 

for supply electricity to the whole village for low load 

capacity. Also the power is increased by increase e in 

number of turbine for very high head. This system can be 

installed at much lower capital cost compared to solar and 

wind mills. 
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I. INTRODUCTION 

A. Concept 

The energy is stored in the form of potential energy at some 

elevation in water at tank. At that height the pressure is also 

created at the outlet of the tank. This pressure force and 

velocity force of is water transfer to the turbine via pipe. 

Due to this force the turbine rotates in the pipe. This turbine 

transfers this rotary motion to the generator through gear 

mechanism and the energy is generated in the form of 

electrical energy. 

B. Working Setup 

In this setup the rain forced cement and concrete tank (Intze 

tank) is used as water storing reservoir. The capacity of the 

tank is depend on the area where it to be used. It differs 

from 1 lakh to 15 lakh liters. The height of the tank is also 

depends on the area where it is situated. In hilly area 

elevation is more than the plan grounds. The vertical height 

(head in hydraulic term) is most affecting factor to the 

power produced because height is directly proportional to 

the power generated. The pelton turbine is casted in pipe in 

such a manner that it can be easily connect or disconnect 

from the piping system for the maintenance purpose. The 

material used in pipe is galvanized iron so no corrosion is 

possible in the pipe. Whole pipe system is divided into 

numbers of pipes of 4 to 6 meter. This pipe is flanged with 

turbine assembly. To determine maximum feasibility the 

turbine is kept few meters above the ground level. The 

turbine assembly is fixed at 2 to 3 meter above the ground 

level to get maximum velocity and pressure in form of 

pressure and kinetic energy and more water accelerate for 

prime mover. This assembly is grounded to reduce vibration 

and noise. The strainer is provided at the inlet of pipe to 

prevent it from debris. If debris is in the water flow it strikes 

with the turbine damage it or produce wear on turbine also it 

blocks route for the flow of water so the maintenance 

required. To overcome it is beneficial to provide strainer at 

the inlet.   

The kinetic and pressure energy is produce by 

conversation it from the potential energy. The water is 

directly strike on the turbine bucket that is forced the wheel 

to rotate. The wheel rotates with some angular speed. The 

shaft is used with some factor of safety to prevent from the 

damage. The gear system is provided to increase the rotation 

of the shaft at the end of the shaft. The system is in such a 

way that it increase the angular speed of the auxiliary shaft 

which is connected with the generator. The generator is used 

to convert the rotary energy to the mechanical energy  

C. Calculation of Energy Generate 

Here in this research paper two cases is taken for water 

strike at the pelton wheel. 

1) Case 1: Water strike Pelton wheel horizontally. 

2) Case 2: Water strike Pelton wheel vertically.  

1) CASE 1: Water strike bucket horizontally  

 
Fig. 1: Water strike turbine horizontally 

In this case the orientation of the pipe is horizontal. 

The water from the tank flows through a pipe which acts as 

a nozzle at the outlet. Runner and transfers its kinetic energy 

to the bucket of wheel. 

The general formula of power for any hydro system 

is: 

 P = ƞ ƍ g Q H    watt                             (1.1)  

Where  ƞ is efficiency of the system,  ƍ is density 

of water which is 1000 kgm-3 , g is gravitational acceleration 

value of g is 9.8 ms-2 Q is mass flow rate and H is net 

effective head. Here Mass flow rate of water through pipe is 

given by: 

Q=A×V1   m3s-1                                 (1.2)  

Here Q is mass flow rate, A is cross sectional area 

of pipe which act as nozzle and V1 is velocity of water. The 

cross section area of pipe at inlet which is derived by 

  A = 
π

4
D2  m2                             (1.3) 

D is partly diameter of pipe which act as nozzle. 

For a Pelton turbine of impulse type, the mechanical power 

can be changed by means of changing efficiency ƞ, flow rate 

Q, head and H inputs because and gravitational acceleration 

g and         density of water ƍ are constant. Velocity of water 

at which water strikes with pelton wheel is 

 V1= Cv√2gH     ms-1                             (1.3) 
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Cv is co-efficient of discharge which is different 

for all type of pipes. It depends on the material of pipes and 

friction between water and pipe. For different effective head 

H velocity will be different 

V=Cv√2gH 

Here some effective head and the velocity of water at that 

head and Cv is taken as 0.96 to 0.99 for the full efficiency. 

Here the tank is full at 30m and empty at 20m and the Cv is 

0.98.  

Head(m) Velocity (ms-1)  

H =30 V=0.98√2 × 9.8 × 30 V = 23.76 ms-1 

H = 28 V=0.98√2 × 9.8 × 28 V = 22.95 ms-1 

H = 26 V=0.98√2 × 9.8 × 26 V = 22.12 ms-1 

H = 24 V=0.98√2 × 9.8 × 24 V = 21.25 ms-1 

H = 22 V=0.98√2 × 9.8 × 22 V = 20.35 ms-1 

H = 20 V=0.98√2 × 9.8 × 20 V = 19.40 ms-1 

Consider tank is empty at height of 20 meter so the 

velocity below that height must be zero. Now the 

relationship between head and velocity is shown by the 

graph which is linear. From this graph we can say that 

velocity is increasing with increase in head. To the head is 

effective factor for design turbine and calculating output 

power. 

 
Fig. 2: Graph of head vs. velocity 

Velocity of turbine at which turbine rotates is 

calculated by velocity diagram. Velocity diagram shows 

absolute velocities, relative velocities and flow velocities for 

turbine and water flow. 

 
Fig. 3: Velocity diagram for pelton turbine 

u1=ϕ√2𝑔𝐻=u2   ms-1                     (1.4) 

Where u1 and u2 is velocity of turbine at inlet and 

outlet respectively and ϕ is speed ratio. At maximum 

efficiency the value of it varies from 0.46 to 0.47. 

Relative velocity of turbine and flow of water  

Vr1 =V1-u1 

=Cv √2𝑔𝐻- ϕ√2𝑔𝐻 

= (Cv- ϕ) √2𝑔𝐻  ms-1                        (1.5) 

From the Velocity diagram  

Vw1 =V1                                                                (1.6) 

Vr1 =Vr2                 (1.7) 

Vw2=Vr2cosα-u2 

      = (V1-u1) cosα-u1   ms-1                    (1.8) 

Here Vr1 is relative velocity at inlet and Vw2 is relative 

velocity at outlet. 

Force applied on bucket 

F= ρAV1 (Vw1-Vw2) 

=ρACv√2𝑔𝐻[Cv√2𝑔𝐻)+{(Cv-ϕ)× √2𝑔𝐻- ϕ√2𝑔𝐻} cosα - 

ϕ√2𝑔𝐻] 

= ρACv (2gH) [Cv + (Cv-2ϕ) cosα-ϕ]N  (1.9) 

Work done per second of the turbine 

W=F × u 

=ρA Cv (2gH) [Cv+ (Cv-2ϕ) cosα-ϕ]× uNms-1  or  J/s  or  W 

…(1.10) 

Power generated per unit time at the end of the procedure is 

P = 
𝑪𝒗(𝟐𝒈𝑯)[𝑪𝒗+(𝒄𝒗−𝟐𝝋)𝒄𝒐𝒔𝜶−𝝓]× 𝒖

𝟏𝟎𝟎𝟎
  kW 

                                                                           …  (1.11) 

2) Case 2: Water strike bucket vertically 

The water stored in bucket. the gravitational force applied in 

downward direction. Due to this force torque is produce in 

the turbine.  

 
Fig. 4: Turbine assembly for case 2 

The stored water and turbine combine act as a solid 

body. The bucket-cup is moving with a constant angular 

velocity 

 Angular velocity= ω × x                        (2.1) 

 Here the relative velocity of the bucket-cup pitch 

circle with respect to the velocity of the water jet is obtained 

as: 

 Vr = Vj – ω x                                 (2.2) 

The mass of jet water entering the cup per second 

is obtained as: 

 Mw = ƍ a Vr = ƍ a(Vj - ω x)                  (2.3) 

The weight of this water strike to the bucket cup 

per second is obtained as: 

 W = Mw × g =  ƍa (Vj – ω x) × g          (2.4) 

The torque T developed by this weight W on the 

runner per second is obtained as: 

   T = W × x =ƍ  a (Vj – ω x) g x ƍ           (2.5) 

The angular displacement of this torque in radian 

per second is equal to the angular velocity of the runner 

vanes i.e. ω. If the linear velocity of the bucket-cup is u then 

u = ω x, and ω = u / x = θ [θ= Arc / Radius of pitch circle, 

here ‘u’ is assumed to be Arc] 

Now, the work done by this torque T on the runner 

wheel per second is obtained as: 
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 Wt = Torque × angular displacement in            

radian per second  

Wt = T ×θ 

Wt = ƍa(Vj – ω x)gx ×θ 

Wt = ƍa(Vj – ω x)gx × u/x 

Wt = gƍa(Vj – ω x)u  Nms-1                (2.6) 

The power generated at end of the case is  

 P=Wt= 
𝑾𝒕

𝟏𝟎𝟎𝟎
   kw                                  (2.7) 

D. Calculation of Power Generated  

For this case the value of gravitational acceleration (g) is 9.8 

ms-2, density of water is 1000 kgm-3 diameter of pipe is 0.3 

m and part of pipe which act as nozzle has diameter of 0.1 m 

diameter of pelton wheel is 1m speed ratio Φ is 0.43 

coefficient of velocity Cv is 0.98 angle of deflection (β) is 

165 so the value of α= 180-β=15  

For the given value of Cv, Φ and α 

[Cv + (Cv-2ϕ) cosα-ϕ] = 0.666 

And the given value of Cv, A, ρ and g  

ρ A Cv (2g) =150.86  (D=0.1m) 

For H=30 m 

1) Force 

F= ρA Cv(2gH)[Cv+(Cv-2ϕ)cosα-ϕ]  N 

  = 150.86×30×0.666 

  = 3014.18 N 

Work Done per second 

WD = F×u 

       = 3014.18×10.11 W 

       = 30473.36 w 

2) Power 

P = 
𝒘𝒐𝒓𝒌 𝒅𝒐𝒏𝒆

𝟏𝟎𝟎𝟎
 

= = 
𝟑𝟎𝟒𝟕𝟑.𝟑𝟕

𝟏𝟎𝟎𝟎
 

= 30.473kW 

Sr.no Name Specification 

1 Turbine outer diameter 0.70 (m) 

2 Speed 500 rpm 

3 Specific speed 35.65 

4 Head 30 (m) 

5 Turbine speed  U 12.6 

6 Velocity of water jet V1 23.52ms-1 

7 Mass flow rate 0.119m3s-1 

8 Number of bucket 20 

9 Power input 473kw 

10 Power output 30 kw 

11 Bucket radius 0.08 (m) 

Table 2: Specification 

E. Work done per one cycle 

The power production per cycle per cycle is determined by 

calculating time for emptying so the mass flow rate gives us 

the flow per second 

  Q=A V 

 and         A= 
𝝅

𝟒
D2 

                 =0.0707 m2 

V at 30 meter = Cv √2𝑔𝐻=23.5212 ms-1 

So the discharge will be 

 Q= 1.6625    m3s-1 

    = 1662.5 ltr s-1 

When the tank is full the capacity of stored water is 

10lakhs ltr.so the time for emptying full tank is  

 t= 
𝟏𝟎𝟎𝟎𝟎𝟎𝟎

𝟏𝟔𝟔𝟐.𝟓
 s 

  =601.47 s 

 = 10.025 min 

Work done per second is calculated as per eq  

 WD/s = F×u 

           =121943.17 J  

F. Energy 

Energy is the ability to doing work. It neither be created nor 

be destroyed only it is transferred to one form to another 

form. So we can’t create or destroyed energy by energy 

conservation rule. Here the energy conversation is as 

Hydraulic Energy → Potential and Pressure Energy→ 

Kinetic Energy →Mechanical Energy→ Electrical Energy. 

G. Tank 

Here in this system intze tank is used for water storing 

purpose. It used to store water at some elevation for free 

falling of water. Normally it is at height of 15 to 30 meter. 

The capacity of storing water in it is 3 to 10 lakh. At this 

height water stored so it has potential energy at that height. 

Pipe used in this turbine is galvanized iron pipes with 

thickness of 5 mm. In this tank two different inlet and outlet 

pipes are used. Generally inlet pipe have smaller diameter 

than outlet pipe.  

 
Fig. 5: Tank 

H. Head 

Head or height is the term used in hydro energy applications 

to define the vertical distance or the elevation. The water 

must fall from a higher elevation to a lower point in order to 

convert stored potential energy. Mainly Pressure, Velocity, 

Potential, Net, Gross and Friction heads are used in 

hydraulic system.  By the Bernoulli equation 
𝒑

ƍ𝒈
 is known as 

Pressure head 
𝒗𝟐

𝟐𝒈
  is Velocity head and Z is Potential head. 

Generally, in hydro power energy generation and hydro-

electric power systems, a low-head means an elevation of 

less than 100 feet (approx. 30 meters), a medium-head 

means an elevation of between 100 to 500 feet (30-to-150 

meters), while a high-head means an elevation greater than 

500 feet, (150 meters).At that height pressure is developed 

in the transmitting pipe so forces occurs on turbine blade. 
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I. Turbine 

Turbine is the device which uses to convert to hydraulic 

energy to mechanical energy. Turbines have turbine two 

major types (1) Impulse type (2) Reaction type. Here we use 

the Pelton turbine which is of impulse type.  

 
Fig. 6: Pelton turbine 

The Pelton Turbine also known as Pelton Wheel. 

The Pelton is a circular turbine in which the circumference 

is surrounded by a numbers of equally spaced small curved 

buckets. The spoon shaped buckets are formed into two 

halves divided by splitter so that when the jet of water hits 

the middle of each cup in turn, the quantity of water splits in 

half. The potential energy of stored water is converted into 

kinetic energy through these nozzles but here the pipe is 

work as nozzle some part of water is strike on turbine. The 

jets of water from the pipe push against the cups of the 

turbine making the wheel rotate, producing torque and 

power. Depending upon the available water head and flow 

rate the velocity and direction of the jets of water coming 

from these nozzles can be controlled to allowing for a 

constant slower speed which is ideal for electrical power 

generation. 

II. GENERATOR  

Induction generators and synchronous generators produce 

AC power. Induction generators are preferred in remote 

areas because they are very reliable  

Installed Capacity of Hydro Power  

P = ƞ ƍ g Q H 

So the power generation is directly proportion to 

head and mass flow rate. 

 
Fig. 7: Graph of power vs. flow rate   at constant head 

This chart shows the power at net head and desired 

flow rate. 

III. GEAR SYSTEM 

The gear system is attached between turbine shaft and 

generator to regulate speed of generator. Constant speed is 

required to run generator so the gear system is provided 

between them. 

IV. EFFICIENCY  

Efficiency is ratio of output to input power. For same head 

and mass flow rate pelton turbine gives maximum 

efficiency. Pelton turbine gives nearly 85% to 95 % 

efficiency. The value of the overall efficiency of a Pelton 

turbine depends on the values of the specific speed and the 

speed ratio. A large value of D/d reduces the rpm and also 

the mechanical efficiency of the wheel. The range of D/d is 

normally kept between 14 and 16 to maintain high 

efficiency. The number of buckets required to maintain 

optimum efficiency is usually fixed by this relation. 

z =15 + 
𝟓𝟑

𝑵𝒔
 

V. CONCLUSION 

Utilizing the potential energy of water at some head to 

produce electrical energy. The output is change by change in 

head and change in water quantity. This setup have many 

advantages such as Power generation does not require any 

fuel input, Running cost is very less. This is a non-

conventional form of energy and therefore very useful in the 

present scenario of energy crisis it is purely use of natural 

resources. As coin has two faces in the same way there are 

also some disadvantages such as moving parts is high in 

setup and therefore there are very large frictional losses and 

therefore require more maintenance, Initial cost of this 

arrangement is  high. But the overall efficiency is high as 

compared to other techniques. 

Nomenclature 
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