
IJSRD - International Journal for Scientific Research & Development| Vol. 3, Issue 05, 2015 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 319 

Hydro Power Generation and Analysis of Various Turbine Efficiencies 
Deep Prakash Singh

1
 AparnaSingh Gaur

2
 Arvind Kumar

3 

1,2,3
Assistant Professor 

1,2,3
Department of Mechanical Engineering 

1,2,3
U.N.S. Institute of Engineering and Technology VBS Purvanchal University, Jaunpur 

Abstract— Hydropower engineering tries to tap this vast 

amount of energy available in the flowing water on the 

earth’s surface and convert that to electricity. There is 

another form of water energy that is used for hydropower 

development: the variation of the ocean water with time due 

to the moon’s pull, which is termed as the tide. Hence, 

hydropower engineering deals with mostly two forms of 

energy and suggest methods for converting the energy of 

water into electric energy. In nature, a flowing stream of 

water dissipates throughout the length of the watercourse 

and is of little use for power generation. A zero head water 

turbine has been used as a source of power generation where 

construction of a dam for the head is not required. It works 

on natural flow of water to generate a specific power output.  

The  power  is  however  limited  by  flow  of  water which  

is  sufficient  to  keep  generate  a  suitable  number  of 

revolutions  per  minutes  for  the  blades.  Present  research  

was aimed  to  design  and  manufacture  a  micro  zero  

head  turbine which could produce sufficient power to light 

a couple of energy saver bulbs up to a wattage of 50 to 60 

that can suffice the lighting requirements far flung villagers 

and dwellers having access to natural streams of water but 

no electricity supply. It resulted in design  and  fabrication  

of  one  such  turbine  which  was  able  to generate  a  

power  of  approximately  50  watts  at  a  free  stream 

velocity of 1.2 meter/second. Findings of this research were 

quite in  harmony  with  theoretical  results  which  may  be  

used  for increasing  the  size  of  micro  turbine  along  with  

a  proportionate rise in generated power. 

Key words: Turbine, Generator, Water 

I. INTRODUCTION 

Hydroelectric Power -- what is it? It=s a form of energy … a 

renewable resource. Hydropower provides about 96 percent 

of the renewable energy in the United States. Other 

renewable resources include geothermal, wave power, tidal 

power, wind power, and solar power. Hydroelectric power 

plants do not use up resources to create electricity nor do 

they pollute the air, land, or water, as other power plants 

may. Hydroelectric power has played an important part in 

the development of this Nation's electric power industry. 

Both small and large hydroelectric power developments 

were instrumental in the early expansion of the electric 

power industry. Hydroelectric power comes from flowing 

water … winter and spring runoff from mountain streams 

and clear lakes. Water, when it is falling by the force of 

gravity, can be used to turn turbines and generators that 

produce electricity. Hydroelectric power is important to our 

Nation. Growing populations and modern technologies 

require vast amounts of electricity for creating, building, and 

expanding. In the 1920's, hydroelectric plants supplied as 

much as 40 percent of the electric energy produced. 

Although the amount of energy produced by this means has 

steadily increased, the amount produced by other types of 

power plants has increased at a faster rate and hydroelectric 

power presently supplies about 10.5 percent of the electrical 

generating capacity of the United States. This is the 

electrical energy equivalent of about 71 million barrels of 

oil. Hydroelectric power plants are the most efficient means 

of producing electric energy.  

II. MATERIALS AND METHODS 

A prototype small HEP system was designed and fabricated. 

Experiments were then carried out to determine performance 

of a prototype small HEP plant with and without water 

hydras pump.  

A. Design and Fabrication of Components  

1) Design and Fabrication of the Hydraulic Ram System  

The  hydraulic  ram  pumps  were  designed  based  on  the  

head  and  flow  rate  conditions,  the  main parameters 

evaluated during the design of this pump were; the drive 

pipe length (L), Cross-sectional area of the drive pipe (A), 

drive pipe diameter (d) and thickness(t), supply head (H), 

delivery head(h), friction head loss in the drive pipe, friction 

head loss through the waste valve, friction head loss at the 

delivery valve, the velocity in the drive pipe when the waste 

valve begins to close, the steady flow velocity (VS) through 

the waste valve when fully open, valve weight, valve stroke, 

valve opening orifice  area,  valve  cross  sectional  area  and  

size  of  the  air  chamber.  After design, the hydram was 

fabricated.  

2) Design and Fabrication of the Turbine  

A peloton wheel turbine was designed.  The  peloton  wheel  

was  selected  because  of  its  ability  to operate  at  varying  

flow  rates,  operate  at  varying  heads,  no  need  for  an  

outside  casing,  ease  of fabrication and assembled, less 

costly, ease of adjustments, Ability to deliver power even at 

very low flow rates and easy maintenance. One of the design 

constrains was the need for high pressure for it to operate. 

This was archived through the use of a small nozzle at the 

outlet. The turbine unit was then fabricated.  

3) Generator Selection  

A permanent magnet DC generator with variable speed was 

used.  This generator responded to voltage  and  flow  rate  

changes  as  these  factors  affected  the  speed  of  the  

turbine  rotation  and subsequently, the power generated.  

4) Data Logger Programming  

The  data  a  logger  was  programmed  to  measure  voltage,  

current  and  then  compute  the  power generated.  The data 

was collected at intervals of 15 seconds.  Also recorded was 

the ambient temperature.  

5) Design of the Support Structure 

The  design  of  the  reservoir  support  system  was  done.  

This  structure  was  made  such  that,  it  was possible  to  

adjust  the  height  of  the  water  reservoir  that  acted  as  

the  dam  during  the experimentation. The material 
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properties and load imposed on them were taken to 

consideration during the design of the structure. 

B. Prototype Testing  

Various  tests  were  performed  to  attest  the  workability,  

efficiency  and  the  performance  of  the developed system. 

The testing procedures are outlined below; 

C. Prototype Tests with Hydram Pump  

The  prototype  system  was  tested  with  the  hydram  

pump  as  a  water  pressure  and  head  boosting device. In 

this experimental setup, the hydram pump was used to 

increase the head of water before it  impinged on the 

prototype’s turbine. The voltage, current and power 

developed was determined and recorded for various flow 

rates and heads using a data logger.  

The main materials used are;  

1) The 1500 liter change over tank 

2) 1500 liter reservoir tank  

3) 1500 liter elevated tank  

4) Hydram pump  

5) Assembled HEP prototype  

6) A booster pump for change over  

7) Tape measure  

8) Flow meter  

9) Manometer Pressure gauge 

10) Data logger  

11) Stop watch  

D. Experimental Procedure  

1) The  low head water tank (LHWT) initial height was 

1.68m, the high head water tank (HHWT) was placed at 

a height of (5.66m), the penstock run from the HHWT 

to the turbine as shown in figure (1), the turbine and 

generator were connected via a rigid coupling.  

2) The booster pump was then switched ON so as to pump 

water from the storage tank (ST) to the LHWT. This 

ensured that the LHWT remained full and thus, the data 

collected was based on a constant head which resembles 

water flow in rivers. Three pipes supplying water to the 

LHWT were also opened; this was to ensure that the 

water level in the water tank remained constant.  

3) The tap from the LHWT was opened fully so that water 

accelerated through the drive pipe to the hydram. The 

hydram pump was then started by pressing and 

releasing the waste valve shaftseveral times till the 

waste valve oscillated automatically. This was achieved 

after the pump air chamber  had  acquired  enough  

pressure  to  pump  water  and  also  cause  the  delivery  

valve  to close.  

4) When the hydram started pumping, the HHWT was 

opened so that water would run from the HHWT  to  the  

turbine  unit.  The  system  was  optimized  such  that  

the flow rate at the delivery pipe and the water flowing 

to the turbine system equalized.  

5) The  water  accelerating  turned  the  turbine  which  

then  rotated  the  generator  unit  thus generating 

electrical energy  

6) Once the turbine started running, the data logger was 

switched ON and the MONITOR button as well  as  the  

SCAN  button  activated.  Once  these  two  were  

activated,  the  data  logger  would record voltage 

generated after every 15 seconds. This data was stored 

in a floppy diskette. The system was allowed to run for 

15 minutes.   

7) After  15  minutes,  the  tap  at  the  penstock  was  

adjusted  by  rotating  it  through  1800so  as  to reduce  

the  water  flowing  in  the  drive  pipe  to  the  hydram.  

Once this was done, the voltage generated was recorded 

for 15 minutes 

III. DESIGN OF PROTOTYPE 

Primary consideration for Micro Zero head turbine design 

was that it should fit a limited space ranging from1 to 4 feet 

width of the free stream of water flow in far flung are as and 

must have minimum of the following geometric 

specifications:-  

 Perpendicular distance from shaft centre to force 

exerting on blade = 130mm  

 Pulley radius = 110mm  

 Blade dimension = 100 x 100 mm²  

 Blade shape = semi circular  

 Number of blades = 08  

 Flow velocity = 0.5 m/s, 1m/s, 1.2m/s, 1.5m/s  

These  dimensions  were  a  result  of  required  

power generation  and  subsequently  it  was  to  be  tested 

experimentally.  Other design parameters included variable 

flow rates to provide different power values, out flow of one 

blade not to obstruct the other and availability of continuous 

value  of  torque  at  a  certain  rpm  for  same  value  of  

power generation. The calculated geometric dimensions 

were used to arrive at prototype design as shown in which 

shows the design of individual blade, an exploded view of 

the rotor and blade assembly and final assembly of the 

complete turbine blade and rotor. 

A. Design of Blade 

Shape of blade was made as a semi-circular bucket so that 

maximum  flow  rate  may  enter  from  the  free  stream  

and  its thickness  was  based  on  strength  to  thickness  

ratio. Use of semicircular blade was expected to provide the 

following properties:-  

 The velocity profile of water stream is normally 

high at the top surface and decreases downwards as 

shown in fig  

 A semi-circular shape was expected to allow more 

flow of water to enter bucket as compared to one 

that could be striking a flat plate. 

 
Fig. 1:  Blade 
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IV. METHODS TO IMPROVE CYCLE EFFICIENCY 

The efficiency of a Brayton engine can be improved in the 

following manners.  

Increasing pressure ratio - Increasing the pressure 

ratio increases the efficiency of the Brayton cycle. This is 

analogous to the increase of efficiency seen in the Otto 

cycle when the compression ratio is increased. However, 

there are practical limits when it comes to increasing the 

pressure ratio. First of all, increasing the pressure ratio 

increases the compressor discharge temperature. This can 

cause the temperature of the gasses leaving the combustor to 

exceed the metallurgical limits of the turbine. Also, the 

diameter of the compressor blades becomes progressively 

smaller in higher pressure stages of the compressor. Because 

the gap between the blades and the engine casing increases 

in size as a percentage of the compressor blade height as the 

blades get smaller in diameter, a greater percentage of the 

compressed air can leak back past the blades in higher 

pressure stages. This causes a drop in compressor efficiency, 

and is most likely to occur in smaller gas turbines (since 

blades are inherently smaller to begin with). Finally, as can 

be seen in Figure 1, the efficiency levels off as pressure ratio 

increases. Hence, there is little to gain by increasing the 

pressure ratio further if it is already at a high level. 

Recuperator - A recuperator is a heat exchanger 

that acts as a counter-flow energy recovery device 

positioned within the supply and exhaust air streams of an 

air handling system, in order to recover the waste heat. In 

many processes, heat is generated in the combustion 

chamber by combustion, and the recuperator helps in 

reclaiming this heat, for re-using or recycling. Adding a 

recuperator to the system can increase the overall efficiency 

of the Brayton cycle. For example, a gas-turbine engine 

works on the basic Brayton cycle. In this gas-turbine engine, 

gas is compressed, mixed with fuel which is then burned and 

then produces power in the turbine. The recuperator 

transfers some of the waste heat in the exhaust to the 

compressed air, thus preheating it before entering the fuel 

burner stage. Since the gases have been pre-heated, less fuel 

is needed to heat the gases up to the turbine inlet 

temperature. Because some of the energy (that would be 

usually lost as waste heat) is recovered, the recuperator 

increases the efficiency of this cycle. 

This feature is only available if the exhaust heat is 

not used otherwise, as in cogeneration or combined cycle 

applications. 

V. THERMODYNAMIC ANALYSIS OF VARIOUS COMPONENTS 

A. Gas Model 

The thermodynamic properties of air and products of 

combustion are calculated by considering variation of 

specific heat and with no dissociation. Table containing the 

values of the specific heats against temperature variation 

have been published in many references such as Chappel 

and Cockshutt [10]. The curve fitting the data is used to 

calculate specific heats, specific heat ratio, and enthalpy of 

air and fuel separately from the given values of temperature. 

Mixture property is then obtained from properties of the 

individual component and fuel air ratio (FAR).  
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In the above equations, T stands for gas or air 

temperature in deg K and   
 

   
 

VI. ANALYSIS OF THE OPEN SIMPLE-CYCLE GAS TURBINE 

A simple-cycle gas turbine has one turbine driving one 

compressor and a power-consuming load. It is assumed that 

the compressor inlet state, the compressor pressure ratio, 

and the turbine inlet temperature are known, as before. The 

turbine inlet temperature is usually determined by the 

limitations of the high-temperature turbine blade material. 

Special metals or ceramics are usually selected for their 

ability to withstand both high stress at elevated temperature 

and erosion and corrosion caused by undesirable 

components of the fuel. 

 
Fig 6.1: Open cycle Implementation of the Brayton cycle 

 
Fig. 6.2: T-s representation of simple gas turbine cycle 

As shown in Figure 3.2, air enters the compressor 

at a state defined by   and   .The compressor exit pressure, 

  , is given by 

   =       (3.10) 
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wherer is the compressor pressure ratio. The ideal 

compressor discharge temperature, 

T2 is given by the isentropic relation 

     (  )
(    )

     (3.11) 

The compressor isentropic efficiency, defined as 

the ratio of the compressor isentropic work to the actual 

compressor work with both starting at the same initial state 

and ending at the same pressure level, may be written as 

   
     

  
    

  (3.12) 

Here the steady-flow energy equation has been 

applied to obtain expressions for the work for an irreversible 

adiabatic compressor in the denominator and for an 

isentropic compressor in the numerator. Solving equation 

(3.12)for  
 , we get as the actual compressor discharge 

temperature: 

  
       

     

  
            (3.13) 

Equation (3.3) then gives the work needed by the 

compressor,  : 
      (  

    )  (3.14) 

   
   (     )

  
       (3.15) 

Note that the compressor work is negative, as 

required by the sign convention that defines work as positive 

if it is produced by the control volume. The compressor 

power requirement is, of course, then given by  ̇   [kW], 

where  ̇  is the compressor mass flow rate [kg / s]. 

After leaving the compressor at an elevated 

pressure and temperature, the air then enters the combustion 

chamber, where it completely oxidizes a liquid or a gaseous 

fuel injected under pressure. 

After leaving the compressor at an elevated 

pressure and temperature, the air then enters the combustion 

chamber, where it completely oxidizes a liquid or a gaseous 

fuel injected under pressure. 

VII. RESULTS AND DISCUSSION 

In the following paragraphs the results of the present work 

have been discussed with the help of graphs.The results are 

based on the software developed in C++ and afterwards 

graphs have plotted with the help of menu driven software 

“Origin 50”.  The graphs are plotted for various parameters 

for different compressor, turbine efficiency, turbine inlet 

temperature, overall pressure ratios and regenerative 

effectiveness. The results have been given the thermal 

efficiency, compressor work, specific fuel consumption and 

power developed etc. of the gas turbine cycle. 
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