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Abstract 

 

Our project aims at creating a device to tap the hydraulic energy of flowing sewage water and utilize the energy for the purpose 

of power generation. In urban areas, flats and other multi-storeyed residential buildings employ a drainage system whereby the 

sewage flows through a single outlet pipe to the sewers. The grey water of the sewage flows down with a potential energy, which 

along with thee kinetic energy of the flowing water, could be utilized to power a mini hydro- power plant similar to those used in 

dams. The water would strike the vanes of a suitable Darrieus turbine of aerodynamic blade profile NACA 633018 which in turn 

would rotate the shaft of a generator and hence generate electricity. The blades of the turbine are fabricated using galvanized iron 

(GI) sheet. The generated electricity could be stored and used for primary lawn maintenance activities in a household, or even 

used as a form of backup energy for powering households during power scarcity. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Our paper propose a system or method to tap the hydraulic energy of flowing sewage water and utilize the energy for the purpose 

of electricity generation. In urban areas, flats and other multi storied residential buildings, drainage systems are employed where 

the sewage flows through a single outlet pipe to the sewers. This water flows down with a potential energy, which along with the 

kinetic energy of the flowing water, could be utilized to power a mini hydropower plant similar to those used in dams. The water 

would strike the vanes of an impulse turbine which in turn would rotate the shaft of a generator and hence generate electricity. 

The generated electricity could be utilized for various purposes such as street lighting, emergency power back-up etc. 

II. PROPOSED SYSTEM 

The proposed system includes the following components: 

 Turbine 

Hydrokinetic turbines are designed to be installed in a stream or current, extracting kinetic energy from the flow of water to 

power an electric generator without impounding or diverting the flow of the water. Conceptually, this is similar to the way wind 

energy conversion devices work. Considering that hydrokinetic turbines can be deployed in any water resource having sufficient 

velocity to drive them(between 1 and 2 m/s or even less), their energy generation potential is enormous .Installation of such 

systems is much simpler, because they do not need dams and they can be easily moved to another location or entirely removed 

from the waterway. 

 Darrieus Turbine 

The Darrieus turbine was invented by Georges Jean Marie Darrieus and was patented in USA in 1931. Its original intent was 

extraction of wind energy, so because its rotational axis was positioned vertically, in literature it is often regarded as vertical axis 

wind turbine (VAWT). In recent years it has been adapted for water energy extraction, where its axis could be positioned 

vertically or horizontally and in both cases orthogonal to the incoming water stream. Both positions have their own benefits: in 

vertical position the electric generator can be mounted above water level; in horizontal position it is possible to have only one 
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generator for the whole width of the channel. The weaknesses of the Darrieus turbines on the other hand are relatively poor 

starting torque and its high oscillations during. To avoid these disadvantages different aerofoil profiles, helical blades 

configuration, increased number of blades or blades with variable pitch might be used. Application of Darrieus turbine model for 

fabricating a micro hydro power plant was initially considered. Upon further investigation it was found to be impractical for flow 

from a height which usually recommends impulse turbine models. 

 Blade Profile 

A modified form of Darrieus turbine blade profile NACA 633018 was kept and used as the blade. The NACA aerofoils are 

aerofoil shapes for aircraft wings developed by the National Advisory Committee for Aeronautics (NACA). The shape of the 

NACA aerofoils is described using a series of digits following the word ‘NACA’. The parameters in the numerical code can be 

entered into equations to precisely generate the cross-section of the aerofoil and calculate its properties. NACA 6 series – In this 

series, there are 6 digits after the word NACA. The first digit represents the series. 

The second digit represents the location of location of minimum pressure in tenths of the chord. The third digit represents the 

value above which the lift coefficient is maintained and the fourth digit represents the value below which the lift coefficient is 

maintained. Both values are in tenths. The final two digits specify the thickness in percentage of chord. 

 
(a)                         (b) 

Fig. 1:  (a) Actual blade used in the turbine prototype, (b) Catia model of turbine blade 

 Altenator 

Principle of operation –A conductor moving relative to a magnetic field develops an electromotive force (EMF) in it (Faraday's 

Law). This e.m.f reverses its polarity when it moves under magnetic poles of opposite polarity. Typically, a rotating magnet,  

\called the rotor turns within a stationary set of conductors wound in coils on an iron core, called the stator. The field cuts across 

the conductors, generating an induced EMF (electromotive force), as the mechanical input causes the rotor to turn. The rotating 

magnetic field induces an AC voltage in the stator windings. Since the currents in the stator windings vary in step with the 

position of the rotor, an alternator is a synchronous generator. The rotor's magnetic field may be produced by permanent 

magnets, or by a field coil electromagnet. Automotive alternators use a rotor winding which allows control of the alternator's 

generated voltage by varying the current in the rotor field winding. Permanent magnet machines avoid the loss due to 

magnetizing current in the rotor, but are restricted in size, due to the cost of the magnet material. Since the permanent magnet 

field is constant, the terminal voltage varies directly with the speed of the generator. Brushless AC generators are usually larger 

than those used in automotive applications. An automatic voltage control device controls the field current to keep output voltage 

constant if the output voltage from the stationary.  

Armature coils drops due to an increase in demand, more current is fed into the rotating field coils through the voltage 

regulator (VR). This increases the magnetic field around the field coils which induces a greater voltage in the armature coils. 

Thus, the output voltage is brought back up to its original value. The stator is conducting wires (poles) and the rotor is the 

magnetic field. The revolving field type has magnetic field on the rotor to rotate through a stationary armature winding. The 

advantage is that then the rotor circuit carries much less power than the armature circuit, making the slip ring connections 

smaller and less costly; only two contacts are needed for the direct-current rotor, whereas often a rotor winding has three phases 

and multiple sections which would each require a slip ring connection. The stationary armature can be wound for any convenient 

medium voltage level, up to tens of thousands of volts; manufacture of slip ring connections for more than a few thousand volts 

is costly and inconvenient. Reducing the rpm would mean increasing the poles and hence the stator diameter for constant 

frequency ac generation. A constant frequency of about 21.67 Hz was obtained where N=216.7 rpm and the number of poles, P = 

12 by the equation f = NP/120. The alternator used in this project has an output power capacity of 30 watts. 

 Casing 

The casing is that structure which encloses the runner and turbine blades. It does not play any hydraulic function but plays some 

vital functions. They are – 
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 It prevents accidents  

 It minimizes wind losses  

 It stops the splashing of water  

 It helps in the collection of water  

The casing used in our project was made using Fibre Reinforced Plastic. A nozzle like attachment was given for obtaining a jet 

of water. It was made as compact as possible and fitted on a frame. 

 
(a)                      (b) 

Fig. 2: (a) Actual casing used in the turbine prototype , (b) Catia model of turbine casing 

 Fiber Reinforced Plastic (FRP) 

Fibre reinforced plastic, also known as Fiber Reinforced Polymer, is a composite material made of a polymer matrix reinforced 

with fibres. The fibres are usually glass, carbon, aramid or basalt. Rarely, other fibres such as paper or wood or asbestos have 

been used. The polymer is usually an epoxy-vinyl ester or polyester thermosetting plastic. Phenol formaldehyde resins are still in 

use. 

Advantages of FRP are as follows. It allows the alignment of the glass fibres of thermoplastics to suit specific design 

programs. Specifying the orientation of reinforcing fib rescan increase the strength and resistance to deformation of the polymer. 

Glass reinforced polymers are strongest and most resistive most resistive to deforming forces when the polymer fibres are 

parallel to the force being exerted, and are weakest when the fibres are perpendiculaner. Thus this ability is at once both an 

advantage and limitation depending on the context of use. Other advantages include, 

 Low weight to strength ratio Lower cost  

 Flexibility  

The various applications of FRP as follows. Fabre Reinforced Plastics are best suited for any design program that demands 

weight savings, precision engineering, finite tolerances, and the simplification of parts in both production and operation. A 

molded polymer artefact is cheaper, faster and easier to manufacture than cast aluminium or steel artefact, and maintains similar 

and sometimes better tolerances and material strengths. 

 Molding Process 

Out of the various molding techniques, the hand lay-up molding technique was the one used for making the casing of the turbine. 

Hand lay-up technique is the simplest method of composite processing. The infrastructural requirement for this method is also 

minimal. The processing steps are quite simple. 

First of all, a release gel is sprayed on the mold surface to avoid the sticking of polymer to the surface. Thin plastic sheets are 

used at the top and bottom of the mold plate to get good surface finish of the product. Reinforcement in the form of woven mats 

or chopped strand mats are cut as per the mold size and placed at the surface of mold after Perspex sheet. 

Then thermo-setting polymer in liquid form is mixed thoroughly in suitable proportion with a prescribed hardener (curing 

agent) and poured onto the surface of mat already placed in the mold. The polymer is uniformly spread with the help of brush. 

Second layer of mat is then placed on the polymer surface and a roller is moved with a mild pressure on the mat-polymer layer to 

remove any air trapped as well as the excess polymer present. The process is repeated for each layer of polymer and mat, till the 

required layers are stacked. After placing the plastic sheet, release gel is sprayed on the inner surface of the top mold plate which 

is then kept on the stacked layers and the pressure is applied. After curing either at room temperature or at some specific 

temperature, mold is opened and the developed composite part is taken out and further processed. Thus te basic steps can be 

summarized as: 

1) Mold preparation: Made from wood, plastics, composites or metals. 

2) Application of release agent (wax, silicones, release paper etc) for easy removal of the part.  

3) Gel coating: Applied after mold preparation to produce a good surface appearance  

4) Lay-up: Placement of reinforcement and application of resin  

5) Curing: Usually at room temperature.  
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6) Part removed from mold  

The time of curing depends on type of polymer used for composite processing. For example, for epoxy based system, normal 

curing time at room temperature is 24-48 hours. This method is mainly suitable for thermo-setting polymer based composites. 

Capital and infrastructural requirement is less as compared to other methods. Production rate is less and high volume fraction of 

reinforcement is difficult to achieve in the processed composites. Hand lay-up method finds application in many areas like 

aircraft components, automotive parts, boat hulls, deck etc. Raw materials used in hand lay-up method include matrix: epoxy, 

polyester, polyvinyl ester, phenol resin, unsaturated polyester, polyurethane resin. Reinforcement: Glass fibre, carbon fibre, 

aramid fibre, natural plant fibres (sisal, banana, nettle, hemp, flax etc.) (all these fibres are in the form of unidirectional mat, 

bidirectional (woven) mat, stitched into a fabric form, mat of randomly oriented fibres). 

III. EXPERIMENT AND RESULTS 

The working of the systems is analysed and the corresponding calculations carried out: 

Collecting tank is estimated to have a height (h) of 0.91 meters and diameter (D) of 0.60 meters (cylindrical shaped) 

 
Velocity at outlet of tank, v= √2gh= 2 9.81 0.91 = 3.961 m/s  

Where, 

g –acceleration due to gravity  

h –height of collecting tank 

 
Mouthpiece diameter, d = 0.0762 meters Coefficient of discharge of mouthpiece = 0.855 Dynamic  

viscosity of water, µ = 0.8927 x 10
-3

 Ns/m
2 

Density of water, ƥ= 1000 m
3
/kg 

Reynold’s number = vdƥ/µ = (0.8927 x 10
-3

 x 3.961 x 0.0762)/1000= 335364 

IV. CONCLUSION 

Energy consumption in developed as well as developing countries is high, especially in the residential and commercial building 

sectors. Through this project, we have explored the possibility of harnessing energy from grey water, while it flows down 

through high raised buildings. A lot of waste water which has energy potential is being wasted every day from the flats and 

residential areas in our country. The usage of a micro/Pico turbine which can be installed at the ground floor of a high rise 

building that utilizes the energy of grey water falling from floors above to generate electricity has been proposed. The electrical 

energy generated from the turbine can be utilized further in numerous ways. The possibility of energy generation from grey 

water has been studied and verified through this project. Though the power output is not sufficient for large applications there is 

still scope for improving the performance of the turbine to increase the power output. Calculation shows that the proposed 

system is also commercially viable. 
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