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been developed. The major components of cup type water wheel pumping system 

include cart wheel, axel, cups, bearing, hub pulley and belt. The cups were mounted 

on the periphery of wheel and fixed over the frame. The power from the wheel is 

transferred to the pulley of pump. Flowing water pushes the cup, hence, the wheel 

is rotated and so the pulley of the pump. The speed up from wheel to pump pulley is 

13 times. Hence, with 100 rpm of wheel the pump pulley will generate 1300 rpm. 

This creates vacuum and the centrifugal pump was operated.  

 Similarly, the major components of spiral tube water wheel pumping system 

includes rim, inlet valve, housing, flexible pipe, block bearing, tee joint, union and 

valve.  Tube is fixed spirally in a wheel having rectangular plates in its periphery. 

The flowing water pushes the plates hence the wheel rotates. One end of tube is fixed 

with a large diameter inlet valve while the other end is attached in a housing at the 

centre of the pumping system. Water enters from the inlet side and because of 

rotation of wheel, the water moves spirally inside the tube. The water reaches the 

centre of housing while the succeeding water pushes the preceding to go ahead; this 

way the water comes out from the housing, which is delivered toward the outlet.  

 Measurement of flowing water in a canal/nallah was carried out using 

parshall flume. It is an accurate measurement of free flow of water and determines 

the discharge and velocity of water. The kinetic energy of water was used to operate 

the pumping system. The cup type water wheel pumping system was developed with 

a plate frame of 1.3 m to 0.84 m (length and height), water wheel 0.66 m diameter, 

axel 0.50 m and centrifugal pump of 1 hp. The spiral tube water wheel pumping 

system was developed with a frame 0.71 m, spiral water wheel 0.63 m diameter, 

housing pipe 0.74 m length, and overall height of pumping system is 0.98 m. 

 Testing and performance evaluation of pumping system was done at nallah 

of fisheries check dam at Krishi Vigyan Kendra, Raipur, I.G.K.V., Raipur (C.G.) 

and Mandher Branch Canal Tulasi (C.G.) and other suitable locations of nearby 

canal command area. Observation was taken on head (depth of water) in flowing 

water, flow rate and velocity of water, mass and kinetic energy, suction and delivery 

head, rpm of wheel, total head and distance carrying of water. 

 Testing of cup type water wheel pumping system was analysed for lifting 

and carrying water. The performance of cup type water wheel pumping system 



xv 
 

(CTWWPS) was evaluated at different suction head and delivery head combination. 

The result shows that the pumping system is useful in lifting and carrying water with 

the power of flowing water. CTWWPS gave a discharge 0.178 to 0.378 lps at suction 

head of 0.56 m to 0.25 m and delivery head of 1.30 m to 0.70 m under 0.23 m to 

0.59 m of head over the flume. While spiral tube gave a discharge of 0.05 to 0.193 

lps at 0.30 to 0.46 m of water depth with flow velocity of 0.54 ms-1 to 0.41 ms-1 . 

The developed system can be used to pump small portion of flowing water 

from canal/nallah to nearby pond/open well using kinetic energy of flowing water 

only, provided sufficient operating head and velocity is available at specific site. 
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gS vkSj blfy, ifg;s dh xfr iai ds pj[ks dh xfr dh 13 xquk FkhA blfy, 100 vkj.ih.,e. Oghy ds 

lkFk iai dh pj[kh 1300 vkj.ih.,e. mRiUu djsxkA ;g ?kVuk oSD;we cukrk gS vkSj dsaæçlkjd iai 

lapkfyr gksrk FkkA   

 blh rjg lfiZy Vîwc o‚Vj Oghy iafiax flLVe ds çeq[k ?kVdksa esa fje] buysV okYo] [kks[kyk 

/kqjk] yphyk ikbi] Cy‚d vlj] Vh t‚baV] ;wfu;u vkSj okYo 'kkfey gSaA Vîwc vius ifjf/k es a vk;rkdkj 

IysVksa okys ifg;k esa lfiZy :i ls r; dh tkrh gSA cgrk ikuh IysVksa dks /kdsyrk gS blfy, ifg;k 

?kwerk gSA Vîwc dk ,d Nksj ,d cM+s O;kl ds buysV okYo ds lkFk r; fd;k tkrk gS] tcfd nwljk 

Nksj iafiax flLVe ds dsaæ esa ,d [kks[kyk /kqjk esa tqM+k gksrk gSA buysV dh rjQ ls ikuh ?kqlrk gS vkSj 

ifg, ds ?kweus ds dkj.k ikuh Vîwc ls vanj dh vksj c<+rk gSA ikuh [kks[kyk /kqjk ds dsaæ rd igqaprk gS 

tcfd lQy ikuh iwoZorhZ dks vkxs c<+kus ds fy, /kDdk nsrk gS bl rjg ikuh vkokl ls ckgj fudyrk 

gS] ftls vkmVysV dh vksj igqapk;k tkrk gSA 

ugj / ukys esa cgrs ikuh dk ekiu ikf'kZ;y ¶ywe dk mi;ksx djds fd;k x;k FkkA ;g ikuh 

ds eqä çokg dk ,d lVhd eki gS vkSj ikuh ds fuoZgu vkSj osx dks fu/kkZfjr djrk gSA iafiax flLVe 

dks lapkfyr djus ds fy, ikuh dh xfrt ÅtkZ dk mi;ksx fd;k tkrk FkkA di çdkj ds okVj Oghy 

iafiax flLVe dks 1-3 ehVj ls 0-84 ehVj ¼yackbZ vkSj ÅapkbZ½ ds IysV Ýse] ikuh ds ifg;k 0-66 ehVj 

O;kl] ,Dly 0-50 ehVj vkSj 1 bap ds dsaæçlkjd iai ds lkFk fodflr fd;k x;k FkkA lfiZy Vîwc 

o‚Vj Oghy iafiax flLVe dks Ýse 0-71 ehVj] lfiZy o‚Vj Oghy 0-63 ehVj O;kl] gkmflax ikbi 0-74 

ehVj yackbZ ds lkFk fodflr fd;k x;k Fkk vkSj iafiax flLVe dh dqy ÅapkbZ 1-09 ehVj gSA 

 iafiax flLVe dk ijh{k.k vkSj çn'kZu ewY;kadu —f"k foKku dsaæ] jk;iqj] ba- xk¡- —- fo- jk;iqj 

¼N- x-½ vkSj ekaMj 'kk[kk ugj rqylh ¼N- x-½ vkSj ikl ds ugj dekaM {ks= ds vU; mi;qä LFkkuksa ij 

eRL; tkap cka/k ds ukys esa fd;k x;k FkkA cgrs gq, ikuh] ikuh dh çokg nj vkSj osx] æO;eku vkSj 

xfrt ÅtkZ] pw"k.k vkSj forj.k flj] ifg;k dk vkj. ih. ,e] dqy flj vkSj ikuh dh nwjh ys tkus esa 

flj ¼ikuh dh xgjkbZ½ ij voyksdu fd;k x;k FkkA 

ikuh mBkus vkSj ys tkus ds fy, di çdkj ds okVj Oghy iafiax flLVe ds ijh{k.k dk fo'ys"k.k 

fd;k x;kA fofHkUu çdkj ds lD'ku gsM vkSj fMyhojh gsM esy esa di Vkbi o‚Vj Oghy iafiax flLVe 

¼CTWWPSS½ ds çn'kZu dk ewY;kadu fd;k x;kA ifj.kke ls irk pyrk gS fd iafiax flLVe cgrs ikuh 

dh 'kfä ds lkFk ikuh mBkus vkSj ys tkus esa mi;ksxh gSA di Vkbi o‚Vj Oghy iafiax flLVe us 0-178 

ls 0-378 yhVj çfr lsdaM esa 0-56 ehVj ls 0-25 ehVj ds lD'ku gsM ij vkSj 1-30 ehVj ls 0-70 ehVj 

ds fMyhojh gsM dks 0-23 ehVj ls 0-59 ehVj ds chp okys ¶yqe ds flj ij fMLpktZ fn;kA tcfd lfiZy 

Vîwc us 0-05 ls 0-193 yhVj çfr lsdaM dk 0-30 ls 0-46 ehVj ikuh dh xgjkbZ 0-54 ls 0-41 ehVj çfr 

lsdaM ds çokg osx ds lkFk fn;kA 

 fodflr ç.kkyh dk mi;ksx ugj / ukys ls cgrs ikuh ds NksVs fgLls dks ikl ds rkykc / [kqys 

dq,¡ esa çokfgr djus ds fy, fd;k tkrk gS] tks dsoy cgrs gq, ikuh dh xfrt ÅtkZ dk mi;ksx djrs 

gSa] c'krsZ fd i;kZIr v‚ijsfVax gsM vkSj osx fof'k"V LFky ij miyC/k gksA 

 



1 
 

CHAPTER – I 

INTRODUCTION 

 India is an agricultural country and there are many rivulets, stream, rivers 

and elevated canals. Under drop/fall condition the water flows with great velocity. 

The kinetic energy of flowing water can be utilized for some useful work like 

pumping. The energy of flowing water can be utilized for lifting and carrying 

water for irrigation purposes, filing the small ponds and also for other rural works 

in remote areas. Many farmers lift water from those streams to irrigate their crop 

by installing diesel pumps or electric pumps which require diesel or electricity. 

Growing cost of diesel and electricity demands a water wheel pumping system, 

which may work on mechanical energy. Kinetic energy powered pumping system 

can be used for irrigations or for delivering water in an environment friendly 

manner.  

Water has different forms of energy such as kinetic energy and potential 

energy. Kinetic energy of flowing water caused from water moving from a higher 

head to lower head. Head-up of water level is also available in regulated canal and 

small check dam. It can also use elevated canal condition near the canal gate 

operated a pumping system. The small check dam is barrier which is constructed 

across stream and unregulated canals. The check dam is used to store the water in 

upstream side and deliver the water in downstream side. It is required to increase 

the water level up to 1 meter and it’s achieved by using the stone gate. It can also 

increase the volume of water level in upstream side of check dam. The parshall 

flume is installed in gate of check dam which help the water to directly strike in 

pumping system.  

The Parshall flume is an open channel type measuring device that operates 

with a small drop in head, adopting the venture principle. A parshall flume consist 

of three principle sections namely; (i) A converging section at its upstream end 

leading to, (ii) A constricted section or throat, and (iii) A diverging or expanding 

section downstream. The parshall flume of size 15 cm is used to intake more water 

and strike directly to pumping system with high velocity (Michel, 2009). 
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The low cost water wheel was made up by using locally available material. 

The machine was invented to overcome the problems of irrigation in higher 

elevation land nearby stream and check dam. The machine mainly consist turbine 

blade, rotating shaft, transmission mechanism, gear box and pumping system.  The 

wheel is rotate with the help of water and Shaft was rigidly fixed with rotating 

wheel. To the shaft was coupled pumping system with suitable gear mechanism 

(Mangal Singh, 2008). Pumping system sucks the water from stream and delivers 

the water at a particular head. The water wheel pumping system can be operated by 

flowing water. Flowing water rotates the wheel and convert kinetic energy of water 

to mechanical energy. The power from the wheel is transferred to the pulley of 

pump. The water wheel operates the water pump. The system is totally eco-

friendly. It is also use in elevated canals near the canal gate.  

Now a days experiment is carried out by adopting the several methods for 

carrying water in small remote area. The spiral water wheel pump system could 

also be useful for carrying the water without disturbing the side bund of canal. The 

spiral tube pumping system, as per its name it includes water wheel and tubes. A 

wheel on which the spiral tube mounted and it rotate due to force of water flow 

which is act on the blade of wheel. Water enters from the inlet side and because of 

rotation of wheel, the water moves spirally inside the tube. The water passes in 

tube flowing towards the centre of wheel. The centre wheel consist a hollow axel 

which is work as a discharge outlet (Patel et al, 2017). The construction of a spiral 

tube water wheel system is very simple and it consist hollow axel supported by 

housing bearing which are mounted on stand. 

The spiral tubes is fixed with wheel, when the water is flowing inside the 

tube wheel is rotated, and at the same time spiral tubes also rotated it-self. The 

water wheel revolves, when water passing around it. At every revolution water 

inlet dips into water and takes water into tube. Maximum water passes through the 

spiral tube followed by a core of air, when the wheel rotates. A new core of water 

is formed on every rotation and this phenomenon is happened continuously. A 

wheel has to be submerged 1/3 of its total diameter so it can take maximum 

possible amount of water (Mishra et al, 2016). 
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Spiral tube pumping system is eco-friendly water pump works on the 

principle of kinetic energy of water. Spiral water wheel pumping system is used to 

carry water in different places for multifarious rural work like storing of water in 

tank and farm pond and open well for the purpose of agricultural work.  

Currently the focus of Chhattisgarh government is on 4 aspects, namely: 

Narwa (Water Resources Management), Garuva (Cattle Management), Ghurva 

(Composting Management) and Badi (Nutritional Management). This study 

entitled “Development and Testing of Pumping Systems Powered by Kinetic 

Energy of Water” might be of some use for the Narwa (Water Resources 

Management) programme which leads to Badi (Nutritional Management) 

programme in remote/un-electrified areas. Therefore, the study has been carried 

out with following specific objectives: 

1. Development of pumping systems based on kinetic energy of water. 

2. Performance evaluation of developed systems for lifting and carrying 

water. 

3. Economical evaluation of developed pumping systems. 
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CHAPTER – II 

REVIEV OF LITERATURE 

This chapter include the work done by various researchers, academicians and 

innovators on the, development, utilization and evaluation of pumping system 

powered by kinetic energy of water. Review of literature has been categorized as 

follows. 

1. Utilization of kinetic energy of water 

2. Water wheel pumping system 

3. Design consideration of pumping system 

2.1 Utilization of Kinetic Energy of Water 

 Ahmad et al. (2016) stated that the mega projects like construction of 

power plants, nuclear reactors, and dams etc. while another method is to go for 

micro hydrokinetic projects, like installation of micro-hydro or micro turbines 

projects. This research paper presents a detailed report on using of convert nozzles 

for flowing of water from river turbines and also to devise a method for velocity 

reduction in open channels flow. Ghazi-Barotha open channel Canal has been used 

for the analysis based on its easily available data. The work has been done with the 

use of analytical and mathematical analysis. Hydro power is an alternative energy 

source, growing in demand particularly in rural and inaccessible areas. For 

Utilizing the flow of water and kinetic energy of water the converging nozzles is 

used to accelerate the flow to get more power and it is a fairly new concept. The 

concept is very popular and little work has been done in this field. 

 Araoz et al. (1962) reported that Water velocity is an important physical 

factor in the conditioning of streams and canals. Most of Ecologists of different 

areas have studied about resistance of these molluscs to the disturbing action of 

water flow. This study demonstrated the methodology used and the results 

obtained under the study which has been undertaken to elaborate the influence of 

water velocity by analysing the related variations of velocity of water in a given 

cross section of canal.  
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Chandler et al. (2014) emphasised the importance of study on flow of water 

through natural water courses. He explained the consequences of flooding because 

of frequent incidences of extreme rainfall events due to climate change. They 

elaborated and demands more consideration to the significance of vegetation in 

retardation of flood in rivers, rivulets and streams by reducing water conveyance. 

Therefore, University of Loughborough funded a project to investigate the role of 

vegetation upon flow of water by measuring flow velocity and 3-D water surface. 

The study has been presented in this research paper. Based on review work, close 

range digital photogrammetry has been used to capture surface velocity of water as 

well as 3D water surface.  

Gabric and Hovany (2014) showed that a Parshall flume with b = 0.025 m 

wide having flow rate and water depth in the throat within the flow rate range of 

Qmin- Qmax discharge curve. Error values have been calculated by calibration of 

discharge curve through transposition of measuring point 1 to measuring point 2. 

These values are lower than the recommended standard values. Consequently, a 

new discharge curve was obtained at water temperature of 16 to 17℃ for flow rate 

below Qmin at measuring point 2.  

Gharahjeh et al. (2012) studied about the discharge measuring commonly 

used as sharp-crested rectangular weirs were facilities in open channels and 

laboratories.  In Weir plate the two dimension height and width were key elements 

in shaping the discharge-head relationship. The experiment demonstrated that for a 

certain range of discharge over the rectangular weir, height of the plate is no longer 

affecting the discharge. The Average velocity over the weir plotted against the 

head of weir has a unique behaviour. This behaviour can be used in such a way 

that can measure a weir velocity to estimate the discharge rather than using the 

discharge coefficient. Hence a more accurate outcome and a more short and 

compact form of expressions are expected to be obtained. The paper focused on the 

experimental investigation of various possible formulations of velocity of the 

rectangular weir for available weir heights and widths. 

Hinkle (1989) explained the experimental procedure to measure, record and 

integrate over a time, the impulse applied to a surface from water drop impact. He 
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defined a dimensionless physically-based parameter “momentum number” as ratio 

of measured impulse to the drops momentum. The number can be used for 

modelling soil movement due to water drop impact. He further explained that there 

is no need of a sensor system for accurate impulse measurements and its 

calibration. However, to minimize signal amplification the resonant frequencies 

must be enough. He also identified the factors which needs to be considered while 

taking measurement on impulse.  

Kim et al. (2010) emphasised on estimation of flow rate as per different 

season and studied proper execution for water resources development plan under 

low flow season. They reviewed the applicability of Parshall flume for 

measurements of flow rate. The formulae suggested by USBR and ISO, were 

found to be accurate when compared with the measurements taken from Parshall 

flume. Rate of flow was estimated by using the state-discharge rating curve 

equation and the results were compared with the flow rate by the Parshall flume. It 

revealed an error of approximately 14% when compared from the discharge rating 

curve equation. 

Marten (2013) explained that the kinetic energy from tidal currents and 

other water courses can be a wide resource of non-conventional energy. The study 

provided vast information about the hydro-kinetic resource and mechanism for its 

conversion. He assessed the tidal energy resource in more than 100 sites with 

available data and found in the range of 17 TWh. He also analysed the 

distributions of velocity in unregulated rivers, regulated rivers, and tidal currents.  

Nwajuaku and Okeke (2017) expressed the economical and flexible water 

measurement capabilities of Parshall flume for a wide range of open channel flow 

conditions. Other benefits include low construction cost, low head loss, 

adaptability to a wide range of channel types and features to measure broad ranges 

of flow. Discharge of the stream was measured with Parshall flume equation and it 

was found that the model has acceptable ability to calculate discharge through the 

constructed Parshall flume. Flow rates computed by the fabricated 0.1524 m 

Parshall flume have a slight difference of 0.00002 m3/s – 0.00018 m3/s, with that 
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of the flow rate calibration. The error in the estimation of flow rate between them 

was 0.0032 (0.32%) with a head loss of 0.0348 m. 

 Skogerboe et al. (1966) demonstrated that if value of water increases, then the 

measurement capability in irrigation system also increases. Improved discharge 

measurement results in improved water supply management. A channel has been 

developed, which includes current meters, orifice, weir, calibrated of gates and 

Parshall flume. They discussed the use of Parshall flumes for measurement of 

flowing water, including the utilization of a new approach for treating submerged 

flow that was developed at Utah State University. 

Wright et al. (1991) studied about flow metering devices installed in 

sewage treatment plants constructed with excess capacity for future expansions, 

hence having conditions considerably below its maximum capacity in the early 

years of operation. Parshall flume being a versatile flow metering device in open 

channels, for flumes with UN-submerge throat sections. The discharge was 

determined from are a series of empirical equation that were developed by Parshall 

(1926) from calibration tests.  

2.2 Water wheel pumping system 

Anurag and Saini (2014) did study on small scale hydropower and 

expressed it as one of the wide potential form of non-conventional energy sources.  

Hydrokinetic turbines were more suitable to convert kinetic energy of water in the 

river, stream and marine current. This paper focuses on optimum parameters for 

different types of hydro kinetic turbines to develop the standard size hydro kinetic 

turbines for different sites.  

 Ibrahim et al. (2018) expressed that due to the debates on renewable energy 

resource, sustainable energy and renewable energy is increasing gaining interest in 

current research circles. This paper deals with solution in renewable energy 

resources, with effective technologies, and low cost in operation and maintenance.  

They emphasised that hydrokinetic resources can be considered a potential 

renewable energy resource. The water wheel with simple construction coupled 

with a basic concept of technology can be utilised as a sustainable and renewable 

rural energy system. The main benefits of this water wheel type are to an 
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agricultural use and water wheel operated water pump we can save energy no 

pollution. The people of Padang live in a water landscape encompassing the water 

wheel as an part of their lives, hence they relate to this technology of well as the 

utilisation and fabrication, making it an effective technology, finding relevance in 

the modern world.  

 Lewis et al. (2014) conducted a review study about the history of water 

wheels date back to ancient Greece. This technology of arriving at the development 

of the modern Francis runner lasted from 1848 to approximately 1920. The  

original turbines designed by James B. Francis in 1848, it became known as the 

Francis turbine around 1920, Though the modern Francis runner has little 

resemblance to his many contributions to hydraulic engineering analysis and 

design. The modern Francis turbine is the most widely used turbine design today, 

particularly for medium head and large low rate situations, and can achieve over 

95% efficiency. 

 Mangal Singh (2008) stated that Bundelkhand is endowed with nature’s 

bounties in terms of large number of rivulets, streams, perennial Nallahas etc. 

Farmers generally lift water from these water sources for irrigation by installing 

diesel/electrical pumps at the site itself. Obviously, this system requires 

commercial energy and expertise for its maintenance. Mangal Singh is a farmer of 

village Bhailoni lodh (distt. Lalitpur) realised the problems associated with these 

irrigation systems and thought of a situation where pump can be operated using the 

energy of flowing water itself.  

Muller (2012) expressed that Water wheels have been known since 

antiquity. With the advancement in material science and industrial revolution the 

agricultural, hydro sciences were also developed. Water wheels did not disappear 

with the advent of steam for Contrary to common perception. Water turbines and 

engine evolved further but that even beginning of the 20th at the Century tens of 

thousands of water wheels was in operation .mainly in Central Europe. The main 

purpose of this study was to avail literature covering the design of engineering 

water wheels.  

Patil et al. (2017) studied that in rural area the farmers are facing problem 

of power cut and finding difficulty in running a pump as it requires continuous 
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supply of electricity. They found that the spiral tube water wheel pump is an 

effective and environment friendly device or equipment to pump the water which 

runs on flow of water. This equipment can pump required discharge of water at 

desired head. The discharge of water is totally depending on the size of model of 

pump. 

 Vinay (2017) reported that water wheel turbine technology could be 

versatile in emerging modern technology after agricultural revolution. Results were 

analysed and final performance is to be done on the basis of hydro kinetic formula 

for calculating the power generated by the water wheel. The Focus was given to 

the low cost water wheel where efficiency is to be improved under the project of 

“Gharat” and lifetime will be increased due to the change in advance and efficient 

materials of the waterwheel. He reported design with two different types and with 

the different volume of water. Economics benefits with the Hydro powers used in 

the rural remote locations are also useful and efficient.   

2.3 Design consideration of pumping system 

Kyaw et al. (2004) aimed at designing the undershot waterwheel for water 

pumping system and to analyse stress on the shaft. It was employed in Mone-Taing 

canal at Meikhtila Township, Myanmar. In this design, load driving or flow torque, 

power and efficiency, shaft and bearing design are briefly considered. The analysis 

of shaft strength was discussed while the design discharge from the measurement 

was 1.274 m3/s.  

Mishra et al. (2016) reported that due to escalating prices of electricity and 

fuels, it is becoming more difficult to pump water by piston and reciprocating 

pump. This study was taken to simplify the problem and pump water at small scale 

with the easiest of economical and green technique. The setup required is cheap 

and low cost. Pumping water by using water wheel being run from the power of 

flowing water, by wrapped a tube around the plane of wheel to form a coil shape. 

The inlet of tube is 1/3 submerged in water, when the water flow is strike on 

flowing water of wheel then wheel in rotate water goes down on the tube with air 

which compressed in spiral tube. the water contained in the spiral compresses air 

between them as they travel around the tube and both air and water are expelled 

under pressure into the hollow axel of the wheel.  
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 Naegel et al. (1991) searched for cost-effective pumps as a top research 

priority worldwide. They studied to develop models which can be powered by 

renewable energy sources, which can pump water to a higher head than the pump 

structure itself, and which can be built out of available materials by local craftsmen 

have produced two types of stream-driven pumps: the coil and the spiral pump.  

Patel et al. (2017) focused on pump for agriculture purpose as rural areas 

farmers are facing problem of cut-off electricity. The pump also required fuels 

hence it is necessary to have some modification. During study they found that the 

spiral tube water pump is an effective method for pumping water or similar liquid 

without use of electric and fuel supply.  

Sahu (2018) reported that an experiment was conducted on “Development 

and Testing of a Pedal Operated Rotary type Pumping System for Operating a 

Gravity Drip Irrigation.” The aim of experiment was development of pedal 

operated pumping system, development of gravity drip system of irrigation for 

kitchen garden. Testing of developed pedal operated rotary type pumping system 

for operating gravity drip system of irrigation for kitchen garden. The performance 

of a developed pedal operated rotary type pumping system was analysed. This is 

very useful to exercising with pedal and lifting harvested water and also for lifting 

water to same height for any useful work. The performance of this pumping system 

is evaluated at different suction head and at different delivery head. The result 

shows that variation is discharge which suction head is not much prominent as 

compare to delivery head. So from this view it has been seen that the pumping 

system is useful in water supply for a very small area without electricity and with 

optimum human effort. It give a discharge of 0.65 lps (36 lpm) at 3085 m of 

suction head and 0.65 m of delivery head which is enough to irrigated small area of 

100- 200 m efficiently. Gravity drip system of irrigation is a cheap, efficient and 

precise way of providing irrigation water for the kitchen garden. 

Sule et al. (2014) emphasised on use of renewable energy, such as water 

energy, wind energy, solar energy, and geothermal. They have two different kinds 

of water wheel, with water velocity and the head energy as the experimental 

activity.  



 

11 
 

Torino et al. (2015) identified three main kinds of water wheels: undershot 

breasts hot and overshot water wheels. In undershot water wheels, the stream 

(flow) impacts the blades at the bottom of the water wheel; they are suitable in 

sites with high flow rates and small heads. In the early undershot water wheels the 

most of the stream (flow of water) kinetic energy was lost in the impact against the 

flat blades, making the efficiency quite low (30%). Then, at the beginning of the 

19th Century experiment is carried out to increasing the efficiency up to 70% . 

Overshot water wheels are suitable in sites with high heads and small flow rates. 

Their efficiency is the highest among water wheels (constant efficiency up to 90% 

for a vast range of flow rates). Breasts hot wheels are used for sites with abundant 

flow rates and medium heads (i.e. along irrigation and mills canals); since the 

water enters at about the potential energy (water weight) of the stream are 

exploited and the same height of the rotation axle. 

Wolter and Muller (2004) reported widespread use of breast shot water 

wheel in England and Germany during the nineteenth and early twentieth century. 

Although this type of water wheel even today has the potential for the economical 

and eco-friendly acceptance with small hydrokinetic with minimum heads from 1.5 

meter to 2.5 meter, little is known about its performance characteristics. For 

assessment of breast shot waterwheel for hydropower generation, a study was 

undertaken at Queen’s University Belfast for design methods and construction. 

Sample calculations for a 40 cm diameter wheel are given to explain the design 

principles. Based on these measurements and observations, improved geometries 

for in- and outflow were developed, finally resulting in maximum efficiencies of 

87˝3%. 

 Waghmare et al. (2015) stressed that at present world’s most prime need is 

to save conventional sources of energy. The concern of concentration is the 

degradation of fuel and electricity sources, the diesel and gasoline oils. The pump 

also requires fuel and electricity for its operation. Hence it is necessary to study the 

design and construction and working of pump for its further modification. During 

this study it is found that the ‘spiral tube water wheel pump’ is an effective method 

for pumping water or similar liquid without use of fuel or electric supply. Also it is 

totally environmentally method. The designed pumping system is successfully 
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giving the positive results. It is pumping water system to give desired discharge 

and for various heads. So it can be used at different locations having rural and 

geographical diversity. 

Yelgutwar et al. (2014) expressed Hydropower as the cheapest means to 

generate electricity in comparison to other commercial and non-commercial and 

non-renewable source. In the developing countries like India, with the increase in 

population and rise in the usage of fuel and electricity is increasing at an alarming 

rate. The following research paper gives an idea about efficient use of water 

wheels power generation in an open channel flow which gives low scale cheap, 

power generation solution for simple electrification and irrigation purpose. This is 

achieved by a horizontal axis water wheel attached to generating mechanism, 

converts mechanical energy into electrical energy, with the help of a pulley and 

belt arrangement. The following research paper explains the working principle, 

challenges, design with calculations, and applications along with future scope of 

the horizontal axis type waterwheel pumping system.  

Zaman and Khan (2012) studied and worked on research work for analysis, 

evaluation and designing of a water wheel for the system techniques of a minimum 

head micro hydropower system using a water source. This is a support system to 

the irrigation of farm and is designed to provide electricity to destination. Water is 

pumped up to the reservoir when needed water is released from the upper reservoir 

through the water wheel to generate electricity. They chose a water wheel as a 

water turbine for the system and did research to design a waterwheel suitable for 

the hydropower site. Theoretical output power of energy has been calculated for 

arrange of water flow and a graph has been plotted using the relevant values.  
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CHAPTER – III 

MATERIALS AND MATHODS 

 

This chapter deals with materials used and the methodology followed for 

carrying out the research work. It includes study of existing development and 

testing of pumping systems powered by kinetic energy of water. 

3.1 Details of Study Area 

3.1.1 Experimental Site 

Experiment was carried out during the year 2018-19. The present research 

work has been carried out in the field of Krishi Vigyan Kendra, Raipur, I.G.K.V., 

Raipur (C.G.) and Mandher Branch Canal Tulasi (C.G.) and other suitable 

locations of canal command area in Chhattisgarh state.  

3.1.2 Geographical situation 

The field of Krishi Vigyan Kendra, Raipur, I.G.K.V., Raipur, is situated in 

the central part of Chhattisgarh at latitude 21023’32” N and longitude 81071’35” E 

and at an altitude of 292 m above the mean sea level. 

3.2 Development of pumping system powered by kinetic energy 

When the head up water in canal/nallah falls downstream, it bears kinetic 

energy. The kinetic energy can be utilised for several works including pumping. In 

this study two different types of pumping system have been attempted. 

3.2.1 Cups type water wheel pumping system   

Cups type water wheel pumping system (CTWWPS) is a rotary machine 

that converts kinetic energy and potential energy of water into mechanical work. 

Flowing water is directed to fall on to the cups, creating a force on the cups. Since 

the wheel is spinning, the force acts through a distance. The power from the 

rotating wheel is transferred to the pulley of a centrifugal pump. It can be easily 

constructed by urban or village artesian. To make it portable and ease in 

transportation, the bottom of the frame is equipped with four wheels.  
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The material selection and the method of fabrication was made that overall cost 

of the water wheel operated pump is minimized so that it comes into the affordable 

range.  

3.2.1.1 Constructional details of CTWWPS 

A water wheel operated pumping system was developed in the form of 

carrying water while utilizing kinetic energy of water. A drawing of CTWWPS 

was done with the help of 3D design and Auto-CAD software. The overall 

dimension of CTWWPS is 83.8 cm in height, 102.8 cm in length and width is 44.4 

cm. is depicted in Fig. 3.1. 

3.2.1.2 Drawings  

Engineering drawings of CTWWPS was created from the CAD models.  

The CAD model of the CTWWPS is shown in Fig.3.1. It helps visualize the 

design, both as individual parts and to show the interaction between the assembled 

components. The elevation and plan of CTWWPS with dimension in cm, is 

depicted in Fig. 3.2 and Fig. 3.3 respectively.  

 

Fig. 3.1: 3D view of cup type water wheel pumping system 
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Fig. 3.2: Elevation of cup type water wheel pumping system 

 

Fig. 3.3 Plan of cup type water wheel pumping system 
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3.2.1.3 Development and description of major components of CTWWPS 

3.2.1.3.1 Frame 

 The frame forms the main body of the CTWWPS on which various 

components are assembled and it gives stability to the unit during the pumping 

operation. The frame provides points of attachment for the main components that 

make up the machine. The term is variously constructed, always including the 

bottom bracket, or to base frame. The rim, wheel and pump are attached to the 

frame. The isometric view is shown in Fig. 3.1 while elevation and plan drawing 

with dimensions are shown in Fig. 3.2 and Fig 3.3 respectively. It consists a 

rectangular frame mounted on four legs all made of steel angle iron of size 3.81 cm 

x 3.81 cm. The frame consists of the front portion on which the wheel is mounted 

at the centre. The overall dimension of the frame is 103 cm X 84 cm X 44.5 cm. 

The below Plate 3.1 shows the frame structure with major dimensions. 

 

Plate 3.1: Frame of cup type water wheel pumping system  

 

3.2.1.3.2 Cart wheel: A 66 cm diameter wheel (without tyre) of a Common 

Thela/Goods carrier has been used as drive wheel. It is made for mild iron and 

strong in nature. The cart wheel is shown in Plate 3.2. 
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3.2.1.3.3 Axel: A rod that serves to attach a cart wheel and provide support for 

bearings on which the wheel rotates. The dimension of axel is 1 cm diameter and 

length is 50.8 cm.  The axel is shown in Plate 3.5. 

3.2.1.3.4 Cups: Cups are fixed on both outer side of the cart wheel with suitable 

fasteners. The dimension of cups is 12.58 cm diameter. The cup is shown in Plate 

3.3. 

3.2.1.3.5 Bearing: Simple rotary bearings hold rotating components such as shafts 

or axles. It is transfer axial and radial loads from the source of the load to the 

structure supporting it. The dimension of bearing is 1 cm inner diameter and outer 

diameter 2.5 cm. The bearing is shown in Plate 3.4. 

3.2.1.3.6 Hub: The centre of a wheel contains bearings and in a traditional wheel 

has drilled flanges for attachment of spokes. The dimension of hub is 2.5 cm 

diameter ad length is 10 cm.  

     
  Plate 3.2: Water wheel cart rim (66 cm)         Plate 3.3 Cup (12.7 cm) 

 

        
Plate 3.4: Bearing (1 cm inner dia.)             Plate 3.5: Water wheel axel (50.8 cm) 
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3.2.1.3.7 Shaft 

A shaft is a rotating machine element and it is fitted on pump and 

assembled the impeller, usually circular in cross section, which is used to transmit 

shaft power from impeller (pulley is assembled with shaft) with the help of belt, or 

from a wheel which produces rotating power to a pump which absorbs power. An 

impeller is assembled one side of shaft and other side pulley, the shaft with pulley 

assembled and to rotate with the help of belt. The shaft is shown in Plate 3.6 

3.2.1.3.8 Pulley 

 A pulley is a wheel on a pump shaft that is designed to support revolving 

movement and change of direction of a belt, supporting shell is referred to as a 

pump block. Pulleys are also assembled as part of belt and chain drives in order to 

transmit power from one rotating shaft to another and also the impeller rotating and 

to lift the water. The drive element of a pulley system can be a belt, cable, rope or 

chain that runs over the pulley inside the groove or grooves. The dimension of hub 

is 2.5 inner diameters. The pulley is shown in Plate 3.7. 

3.2.1.3.9 Belt 

 The water wheel operated pumping system used belt drive to transmit the 

power. This type of drive is used when the power is to be transmitted from wheel 

to pulley which is at a distance. Pulleys are mounted on the pump shafts and an 

endless belt is fitted tightly over these pulleys. The frictional resistance between 

these pulleys and belt is the reason for the power transmission, which depends on 

the velocity of belt, tension of the belt and arc of contact of the belt in the smaller 

pulley. This type of belt use to B section and diameter is 243 cm. This belt is 

shown in Plate 3.8 

3.2.1.3.10 Foot Valve 

 A foot valve is a type of check valve that is typically installed at the bottom 

of a pipe line. A foot valve is found at the end of a suction pipe line. They 

application of a check valve, but they also have a strainer affixed to their open end. 

It is similarity work to non-return valve in which preventing the backward flow of 

water through the pipe when the water pump is stopped. Thus, in this process 

column of water in the pipe is maintained, and all the related issues are resolved. A 

foot valve is known as a check valve. The check valve is spring assisted. When the 
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pump turn on, the pressure inside the pump column change and the valve respond 

by open. 

            

Plate 3.6: Doctor pump shaft                     Plate 3.7 : Pulley (5 cm inner diameter)  

 

                                                               

        Plate 3.8: V – Belt (B Section)               Plate 3.9: Foot valve (∅ 2.5 cm) 

 

3.2.1.4 Pump Selection 

From the measurement of discharge and flow velocity has been calculated 

the kinetic energy of flowing water. Therefore, the pump trial was based on power 

availability. In this project trial on selection of pump was based on the RPM being 

generated. Water submersible pump 18 W centrifugal pump (Electrical pump) was 

tried but it is not suitable because the pump was not equipped with pulley for 
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power transmission. Rotation was based on magnetic field. Self-priming mono-

block 0.5 hp pump (Electrical pump) was also tested but not performed in below 

specified rpm. Unable to develop specified RPM through water wheel and not 

performing in RPM less than the Specified RPM. 

The most suitable type of pump for this project work was found to be a 

centrifugal pump. Its compact size, simplicity of design, relatively low cost, light 

weight and widespread availability of pumps and spare parts make it ideal for use 

in this project. The mechanism was capable of developing maximum 1400 RPM. 

This pump was capable of lifting water at below 1400 RPM also. Centrifugal 

pumps are a well-established technology and consequently their performance is 

well understood. The performance of a centrifugal pump is governed by the 

impeller diameter, rotational speed, input power and the output piping system. The 

pump affinity laws give the relationship between head, flow rate, input power, 

rotational speed and impeller diameter for centrifugal pumps. 

 

3.2.1.4.1 Specification of selected centrifugal pump 

1. Horse power – 0.5 & 0.8/1.02 

2. RPM - 2900 

3. Total head - 10 m 

4. Discharge - 2.1 lps 

5. Pump efficiency - 49 % 

6. Impeller Diameter - 99 mm 

7. Pipe size - 25 X 25 mm 

 

3.2.1.4.2 Working principle 

In waterwheel operated water pumping system when wheel is operated by 

kinetic energy of water then kinetic energy is transferred into mechanical energy 

and this energy is transfer to belt drive, from kinetic energy is transfer to wheel, 

from Wheel it is transfer to Pulley, from pulley energy is transmitted to pump by 

shaft. So water is sucked from sump and lifted up to 1 m. Water Pump is a 

mechanical device which converted to mechanical energy into hydraulic energy. A 

centrifugal pump is of a simple design. The two main parts of the pump are the 
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diffuser and impeller. Impeller, which is the one only moving part, is attached to a 

shaft and driven by a motor and other power. The diffuser (also called as volute) 

houses the captures and impeller and directs the water of the impeller. Water enters 

the eye of the impeller and exits the impeller with the help of force of centrifugal. 

As water leaves the impeller eye a low-pressure area is created, causing more 

water to flow into the eye of impeller. The main working to atmospheric pressure 

and centrifugal force cause this to happen. Velocity is developed as the water flows 

through the spinning at high speed. The pressure (head) that a pump will develop is 

in direct relationship to the impeller diameter, the number of impellers, the size of 

impeller eye, and shaft speed. The capacity and head are the main factors, which 

affect the horsepower size of the motor to be used. The quantity of water is more to 

be pumped; the more energy is required. The plate 3.10 shows discharge 

measurement. 

 

Plate 3.10: Discharge measurement of CTWWPS at fisheries dam 

3.2.2 Development of Spiral Tube Water Wheel Pumping System 

A spiral tube water wheel pumping system (STWWPS) is very simple consist 

of the hollow axel, supported by hosing bearing which are mounted on stand. The 

wheel fixed with spiral tubes in its periphery. When the water wheel is rotated, 

spiral tubes also rotated it-self. The waterwheel revolves, when water passing 

around it. Thus, once per revolution each water collector or tube dips into water. 

Maximum of water passes through the spiral followed by a core of air, when the 
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wheel rotates. A new core of water is formed on every rotation and this 

phenomenon is happened continuously. The inlet container takes in maximum 

possible amount of water. Angle iron, were used for the construction of the frame 

body.   

 The governing factor in development of pumping systems is availability of 

kinetic energy, which in turn depends on mass and velocity. The pumping system 

was made simple by using components, which are readily available in the local 

market. The operations and adjustments were kept simple and easy so fabricated 

light angle iron for frame. 

 

3.2.2.1 Constructional details of STWWPS 

A STWWPS was developed in the form of carrying water while utilizing 

kinetic energy of water. A drawing of STWWPS was done with the help of 3D 

design and Auto-CAD software. The overall dimension of Spiral tube operated 

pump is 105.75 cm in total height, 67 cm in length and Width is 62 cm.  

 

3.2.2.2 Drawing 

Engineering drawings of was created from the CAD models.  The CAD 

model of the CTWWPS is shown in Fig. 3.4. It helps visualize the design, both as 

individual parts and to show the interaction between the assembled components. 

The elevation and plan of CTWWPS with dimension in cm, is depicted in Fig. 3.5 

and Fig. 3.6 respectively.  
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Fig. 3.4: 3D view of spiral tube water wheel pumping system 

 

Fig. 3.5: Elevation and front view spiral tube water wheel pumping system 
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All Dimensions is Centimetre 
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Fig. 3.6: Plan of spiral tube water wheel pumping system  

3.2.2.3 Major components of spiral tube water wheel pumping system 

3.2.2.3.1 Frame 

 The frame forms the main body of the spiral tube pumping system on 

which various components are assembled and it gives stability to the unit during 

the pump operation. The frame is adjustment to various water depths for 

requirement of maximum kinetic energy of water. It consist a suitable nut bolts. 

The rim, pipe and housing the frame. The isometric view is shown in Fig. 3.2 and 

engineering drawing with dimensions are shown in Fig. 3.3. It consists a angle 

frame mounted on four legs all made of steel angle are used to sizes system (3.81 x 

3.81) and (3.81 x 3.81). The frame consists of the front portion on which the wheel 

is mounted at the centre. The overall dimension of the frame is 109.8 cm x 67 cm x 

63 cm. 
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Fig. 3.7: Adjustable frame spiral tube pumping system 

 

3.2.2.3.2 Rim: A part of a wheel to which the tire is attached and often forms part 

of the mechanism. Then assemble pipe over the spoke of the wheel. The dimension 

of rim is 63.5 cm diameter. 

3.2.2.3.3 Flexible pipe: pipe to construct a spiral wheel. So that it could be flexible 

enough that we can turn it form a coil. And the same pipe to discharge the water 

form pump. The flexible pipe is shown in Plate 3.11. 

3.2.2.3.4 Housing: Both of these hollow pipes are supported by hosing bearing 

which are mounted on stand, so that wheel will rotate continuously over stand by 

the force of the water. The dimension of housing is 2.5 cm diameter and length 74 

cm. The housing is shown in Plate 3.12. 

3.2.2.3.5 Hub The centre of a wheel contains bearings and in a traditional wheel 

has drilled flanges for attachment of spokes. The dimension of hub is 2.5 cm 

diameter ad length is 10 cm. The hub is shown in Plate 3.14. 

3.2.2.3.6 Block Bearing: Simple Rotary block bearings hold rotating components 

such as housing. It is transfer axial and radial loads from the structure supporting 

it. The dimension of bearing is 2.5 cm inner diameter. The block bearing is shown 

in Plate 3.13. 
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3.2.2.3.7 Tee joint: Then attach this pipe to the Tee by means of nipple and attach 

one end of TEE of the wheel by welding and other end the hollow pipe  

3.2.2.3.8 Union valve: rotary union valve most common use to connected one side 

rotating pipe and other side straight pipe. 

 

                                

Plate: 3.11 Flexible spiral pipe                         Plate: 3.12 Housing (GI Pipe)

     

Plate: 3.13 Block Bearing (∅ 2.5 cm)              Plate: 3. 14 Rim Hubs (∅ 2.5 cm) 

3.2.2.4 Working of Spiral Tube Water Wheel Pumping System  

A spiral tube pumping system could be an effective way to provide water to 

a farm pond/open well from a nearby canal/nallah. Tube is fixed spirally in a wheel 

having rectangular plates in its periphery. The flowing water pushes the plates 

hence the wheel rotates. One end of tube is fixed with a large diameter inlet valve 

while the other end is attached in a housing at the centre of the pumping system. 
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Water enters from the inlet side and because of rotation of wheel, the water moves 

spirally inside the tube. The water reaches the centre of housing while the 

succeeding water pushes the preceding to go ahead; this way the water comes out 

from the housing, which is delivered toward the outlet. The spiral tube water wheel 

used to low head carrying water from hollow axel to 20 meter to 30 meter distance. 

As shown in Plate 3.15 the system is installed in the canal. As the canal water 

moves ahead it pushes the rectangular blades on the periphery of the wheel and 

rotates the wheel. The wheel carries the spiral tube with one end of it immersed in 

water in each rotation. This way the water enters inside the tube. The succeeding 

water pushes the preceding water. This action causes the water to enter the hollow 

shaft/housing and ultimately comes out from the other end.  

 

Plate 3.15: Working of STWWPS at mandhar branch village: kendri 

3.3 Discharge calculation of Parshall flume 

 The parshall flume is an open channel type measuring device that operates 

with a small drop in head, adopting the venture principle. The loss of head for free 

from limit is only about 25 % of that for weir. When the elevation of the water 

surface downstream from the flume is high enough to retard the rate of the 

discharge, the flow is considered submerged.  
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 To determine the discharge, to scale, Ha and Hb are providing at the 

upstream and downstream section of the flume. Only Ha need to measure under 

free flow conditions. Free flow conditions are satisfied if the degree is percentage 

of submergence, as represented by the ratio Ha/Hb, is within the limits. 

The flow rates (Q), in the 6-inch Parshall flume were computed using the 

formula 

Q = C𝐻𝑎
𝑛 

 

In which,  

 Q = Rate of flow, lps 

 C = 0.3812 (coefficient)  

Ha = Head of first section, m 

 n = 1.58 (exponent, whose value depends only on the flume length. 

Table 3.1: Dimensions and capacities of Parshall flumes (Free- flow) of 

various sizes 

 

Throat Width     A          B       C            D          E                  F  

  

   cm                 cm            cm             cm            cm              cm               cm 

 

   15                 41.4             61          39.4            39.7             61            30.5 

 

   7.5                 31  45.5    17.8  26         45.5   15 
 

     

 

G    K         N       X               Y    Free flow capacity (lps) 

        

 cm   cm        cm      cm            cm     minimum     maximum 

                         

 61        7.6       11.5              5.1            7.6                 1.4             110.8 

30.5   2.5        5.7      2.5  3.8  0.85        28.4 

 

(Source: Michael, 2009) 
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Fig. 3.8: Discharge measurement of parshall flume 

 

Fig. 3.9 Plan and elevation of a parshall flume showing component parts  

(Source: Michael, 2009) 
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3.4 Fabrication work of water wheel Operated pumping system 

Two different types of pumping system viz. cup type water wheel pumping system 

(CTWWPS) and spiral tube water wheel pumping system (STWWPS) have been 

developed. The major components of CTWWPS include cart wheel, axel, cups, 

bearing, hub pulley and belt. Similarly, the major components of STWWPS 

include rim, inlet valve, housing, flexible pipe, block bearing, tee joint, union & 

valve. Fabrication of different component is shown on plate 3.16, 3.17, 3.18 and 

3.19.  

       

Plate 3.16 Assemble component            Plate 3.17 Fabrication of CTWWPS 

 

        

   Plate 3.18 Welding work on STWWPS         Plate 3.19 Fabrication of housing 
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3.5 Test procedure of developed water wheel pumping system  

3.5.1 Measurement of suction head 

The depth of static water level in the water source was measured directly by a 

graduated tape from centre of the eye of impeller/pump to the static water level. 

3.5.2 Measurement of delivery head 

The height of discharge water level in the laboratory test/field test water was 

measured directly by a graduated tape centre of the eye of impeller/pump to the top 

of the delivery pipe. 

3.5.3 Measurement of RPM 

RPM is used to indicate the speed of something by saying how many times 

per minute it will go round in a wheel. RPM is an abbreviation for 'revolutions per 

minute. It was depend upon kinetic energy of water. RPM of water wheel has been 

measured using a tachometer. 

3.5.4 Determination of pump speed 

The speed up ratio between wheel and pump pulley was 13 times. 

Therefore, the pump speed in terms of RPM was calculated by multiplying the 

RPM of wheel by 13.  

3.5.5 Determination of pump discharge 

Volumetric method was used to measure pump discharges. A graduated 

bucket was filled for a known period of time and the time was measured with a 

stopwatch. The pump discharge was calculated by dividing the amount of water by 

the measured time in litre per minutes (lpm). For each suction head numbers of 

three trial data were taken. 

3.6 Testing of Water Wheel Pumping System 

3.6.1 General Operational Testing 

Preliminary performance testing was conducted to give an initial estimate 

of the pump’s performance so that suitable testing procedures and apparatus could 

be determined. Plate 3.20 shows the experimental set-up for the preliminary 

testing. It was found that at some pumping head, that a 20 litter bucket could easily 

be filled in less than 60-65 seconds a flow rate of over 20 l/min. 

3.6.2 Performance testing Water Wheel Pumping System          

 The CTWWPS and STWWPS were tested at different water head  and was                  

https://www.collinsdictionary.com/dictionary/english/speed_1
https://www.collinsdictionary.com/dictionary/english/saying
https://www.collinsdictionary.com/dictionary/english/will
https://www.collinsdictionary.com/dictionary/english/go
https://www.collinsdictionary.com/dictionary/english/round
https://www.collinsdictionary.com/dictionary/english/abbreviation
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operated by kinetic energy of flowing water. Average discharge (Q), were then 

calculated. The results of the experimentation have been presented as a graph and 

each point on a graph represents an average of three discharge rate if all three were 

within ±10 per cent of their average. This Waterwheel operated pump system is 

tested at different places at different head conditions viz. fisheries dam, Mandhar 

branch canal Tulsi and other canal command area which is shown in Plate 3.20 

 

Plate 3.20: Testing of cup type water wheel pumping system at fisheries  

dam 

 

     Plate 3.21: Testing of spiral tube water wheel pumping system at village: kendri  
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3.7 Setup of Developed Pumping System for Operating CTWWPS and   

STWWPS 

The complete setup for operating waterwheel and spiral tube pumping 

system are shown in plate 3.20 and plate 3.21 respectively. In this complete setup 

is based on utilization of kinetic energy for lifting and carrying water to near farm 

and pond.  

3.7.1 Apparatus 

The following equipment was needed to conduct the testing: 

· Stopwatch 

· Waterwheel Operated pumping system 

· Suction pipe with foot valve 

· Delivery pipe 

· Pipe clamp to fill supply pipe with water from tap 

· Measuring tape to measure depth of water in measuring bucket 

· Measuring (delivery) bucket (20 litre) 

. Tachometer (measure rpm of pumping system) 

. Gumboot and gloves.  

 

3.7.2 Procedure 

1. Fill supply pipe with water and place above ground level. 

2. Set up water wheel pump in pumping mode as detailed 

3. Fit foot valve into inlet pipe and submerge at the bottom of the supply pipe. 

4. Remove air from outlet pipe to ensure flow is not restricted. 

5. Place measuring bucket on the ground next to assistant (This is pumping to a 

head at different head as the measured pumping head is the difference in elevation 

between the free surface of the water in the supply pipe and the outlet pipe nozzle). 

6. The opened gate to flow water at a constant rate and when flow becomes steady, 

put outlet pipe nozzle over the measuring bucket and start the stopwatch. 

9 Second removes the outlet pipe nozzle from over the measuring bucket, then 

close gate. 

8. Measure and record the depth of store water in the measuring bucket to calculate 

the flow rate and then empty it. 
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9. Repeat steps twice 6-8 for reliability. 

10. Repeat steps 6-9 with the different head of water. 

11. Raise measuring bucket into first testing level overhead 

12. Repeat steps 6-10. 

13. Continue repeating steps 6-10 until the top testing level has been reached or the 

waterwheel cannot provide enough power to lift the water to the required height, 

whichever  

3.8 Power requirement in pumping System 

3.8.1 Kinetic Energy 

The energy possessed by moving water by virtue of its flow (motion). The 

kinetic energy of moving water is more useful in applications like the open flow 

when it is expressed as kinetic energy per unit volume. the kinetic energy of water 

is utilize to irrigation and fisheries.  

 

   K.E.(Joule)  =  
1

2
 m.v2 

Where, 

   m  =  Mass, kg 

             v =  Velocity m/sec 

3.8.2 Friction loss 

 In fluid flow, friction loss is the loss of head or pressure that occurs in pipe 

due to effect of the fluids velocity near the surface of the pipe. The pipeline 

system, head loss due to friction in the pipeline and other factors must be taken 

into account. Loss of the head due to friction in the pipe between two points in the 

pipe at a distance l apart in given by the formula. 

  The darcy- weisbach equation is which related the loss of head, due to 

friction along a given length of pipe to the average velocity of fluid flow for an in 

compressible fluid. 

hf  = 
4𝑓𝑙𝑣2

2𝑔𝑑
 

In which,    

                      hf = head loss at pipe (m) 
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  f = coefficient of friction of pipe (dimensionless) 

  l = length of pipe, m 

  v = velocity of water in pipe (m/sec.) 

  d = diameter of pipe 

  g = acceleration due to gravity (9.81 m/𝑠𝑒𝑐.2) 

 

 

Plate 3.22: Setup on developed of cup type waterwheel pumping system 

 

        Plate 3.23: Setup on developed spiral type water wheel pumping system 
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3.9 Cost Analysis 

 Cost analysis is very important in any new technology development 

machine. Cost analysis consist of 

 1. Fixed cost 

 2. Variable cost 

3.9.1 Fixed Cost 

 Fixed cost is defined as one, which not changed when level of output alters. 

Fixed cost comprises those costs, which have to bear regardless of the machine is 

used viz. depreciation, interest on tax and investment. Fixed costs are fixed in total 

but decline as the annual use of machine is increased. 

(a)  Depreciation Cost 

(b)  Interest 

(c)  Insurance 

3.9.1.1 Depreciation Cost 

  This cost reflects the reduction of the value of the machine with use (wear) 

in time. The depreciation cost was calculated using formula based on straight-line 

method. 

 

  Depreciation (D)/hr  =   
𝐶−𝑆

𝐿×𝐻
  

Where, 

 D  = Depreciation cost, average per hour 

 C  =  Capital cost, Rs 

 S  = Salvage value, Rs 

 L  =  Life of machine in year  

 H  =  No. of Working hours per year 

3.9.1.2 Interest  

 An annual charge of interest was calculated on the basis of actual rate of 

interest payable and average purchase price by the following formula: 

 

      Interest (I)/hr  =  
𝑐+𝑠

2
×

𝑖

𝐻
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 Where, 

   i  =  rate per year 

   

3.9.1.3 Shelter and Insurance Cost 

 Shelter is necessarily required against weather changes; shelter cost has 

been calculated at 2% of the average purchase price 

  Sc  =  
𝐶+𝑆

2
×  

𝑖

𝐻
 

Where, 

  i  =  rate per year 

3.9.2 Variable Cost 

 Variable costs are costs that change as the quantity from output. Generally 

variable costs increase at a constant rate relative to Capital and labour. Variable 

costs may include wages, repair and maintenances, utilities used in machine. 

3.9.2.1 Repair and maintenance cost 

3.9.2.2 Labour wages 

 

Therefore,  

Total Variable Cost (TVC) = Fuel cost + Repair and Maintenance cost +  

    Lubrication cost + Labour wages 
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CHAPTER – IV 

RESULTS AND DISCUSSION 

 

This chapter contains the results and discussion of the experiment 

conducted in order to fulfil the objective of the study. Experiment was carried out 

during the year 2018-19. The present research work is carried out in the field of 

Krishi Vigyan Kendra, Raipur, I.G.K.V., Raipur (C.G.) and Mandher Branch 

Canal Tulasi and Mandher Branch Canal Kendri (C.G.) and other suitable 

locations of canal command area in Chhattisgarh state.  

Review suggests that at least 1m of head up water in upstream side and 

flowing water directly striking the cups of wheel creates optimal condition. It was 

found that variation of upstream depth affecting the discharge very much. Testing 

at different heads of flowing water and suction head and delivery head and 

carrying of water from outlet to varying discharge was done. It was found that at 

some pumping head, that a 20 litter bucket could easily be filled in less than 60-65 

seconds a flow rate of over 20 l/min. The pump was easily able to cope when an 

operator was lifting up the delivery pipe around 1.25 m. 

Each test was repeated thrice and in each case, operation period, discharge 

was measured and average discharge was worked out. The results of the 

experimentation have been presented in the form of graph and each point on a 

graph represents an average of three discharge rate.  

The performance results are shown and described in this chapter. The 

performance were evaluated in the terms of suction head, delivery head, pump 

speed and pump discharge. 

4.1 Development of pumping systems based on kinetic energy of 

water 

 The pumping system has been developed as per the methodology and 

procedure adopted in article 3.2 through 3. 
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4.1.1 Development of Cup Type Water Wheel Pumping System 

 The pumping system has been developed as per the methodology and 

procedure in adopted in article 3.1 through 3.1.1. 

 

Figure 4.1: Cup Type Water Wheel Pumping System 

Table 4.1: RPM generated at the pump pulley by an average flow of water 

S. No. Average flow operated per minute RPM 

1 Water wheel = 102 x 1 102 

2 Pump pulley 

(1 revolution of rim = 13 revolution of pump pulley) 

= 102 x 13 

 

1326 

 

The developed pumping system is shown in Fig. 4.1 with its operating 

RPM in Table 4.1. The developed pumping system is then subjected to testing for 

operating a centrifugal pump based on kinetic energy of water released from check 

dam and canal regulator. The details of testing had been presented under article 

3.5. 

4.1.2 Development of Spiral Tube Water Wheel Pumping System 

 The pumping system has been developed as per the methodology and 

procedure in adopted in article 3.2 through 3.2.1. 
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Figure 4.2: Spiral Tube Water Wheel Pumping System 

 

4.2 Utilization of kinetic energy of water from parshall flume 

The Parshall flume has been installed in fisheries check dam, Krishi Vigyan 

Kendra, Raipur, I.G.K.V., Raipur (C.G.). It is accurate, entails a minimum of head 

loss and is self-cleaning. Again, under normal operating conditions, the discharge 

can be determined with an accuracy of 2 to 5 per cent. 

Discharge through the flume is called “free flow”, which occurs when the 

water elevation downstream is not high enough to affect flow conditions upstream. 

Only the upstream depth needs to be measured to calculate the flow rate. The 

details are given as article 3.3. 

The flow depth condition in the nallah varied significantly. From study 

point of view the flow depth 0.23 to 0.31m, 0.32 to 0.43 m and 0.45 to 0.59 m has 

been marked as lower, medium and high depth recording of flow through the 

flume. 

When the upstream depth is varying from 0.23 to 0.30 it was seen that the 

discharge is varying from 37.02 to 59.50 lps and finally kinetic energy of water 

varying from 7.09 to 12.85 joule. So, it was found that variation in upstream depth 

affecting the discharge very much. This is show in Fig. 4.3. 
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Table 4.2 Relation between discharge and lower depth of flow of 

parshall flume 

S. 

No. 

 Ha  

(m) 

 Hb 

(m) 

Discharge 

(lps) 

Area  

(m2) 

Velocity 

(ms-1) 

Mass 

(kg) 

K.E. 

(Joule) 

1. 0.23 0.15 37.02 0.06 0.61 37.02 7.09 

2. 0.25 0.17 42.60 0.07 0.62 42.60 8.24 

3. 0.27 0.20 49.10 0.08 0.63 49.01 9.52 

4. 0.29 0.22 53.26 0.08 0.64 53.92 10.52 

5. 0.30 0.23 59.50 0.09 0.66 59.50 12.85 

 

When the upstream depth is varying from 0.32 to 0.43 it was seen that the 

discharge varying from 64.44 to 104.66 lps and finally kinetic energy of water 

13.38 to 32.96 joule. So, it was found that variation in upstream depth affecting the 

discharge very much. This is show in Fig. 4.4. 

 

Table 4.3 Relation between discharge and medium depth of flow of parshall 

flume 

S. 

No. 

 Ha  

(m) 

 Hb 

(m) 

Discharge 

(lps) 

Area  

(m2) 

Velocity 

(ms-1) 

Mass 

(kg) 

K.E.  

(joule) 

1. 0.32 0.25 64.44 0.10 0.64 64.44 13.38 

2. 0.35 0.26 73.56 0.10 0.71 73.56 18.30 

3. 0.38 0.28 82.53 0.11 0.75 82.53 23.23 

4. 0.41 0.30 92.83 0.12 0.77 92.83 27.77 

5. 0.43 0.34 104.66 0.13 0.79 104.66 32.96 
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When the upstream depth is varying from 0.45 to 0.59 it was seen that the 

discharge; varying from 109.55 to 168.31 lps and finally kinetic energy of water 

varying from 33.54 to 66.75 joule. So, it was found that variation in upstream 

depth affecting the discharge very much. This is show in Fig. 4.5. 

Table 4.4 Relation between discharge and higher depth of flow of parshall 

flume 

S.  

No. 

 Ha  

(m) 

 Hb 

(m) 

Discharge 

(lps) 

Area  

(m2) 

Velocity 

(ms-1) 

Mass  

(kg) 

K.E.  

(joule) 

1. 0.45 0.36 109.55 0.14 0.78 109.55 33.54 

2. 0.49 0.38 124.22 0.15 0.83 124.22 42.82 

3. 0.54 0.42 143.53 0.16 0.87 143.53 54.33 

4. 0.57 0.45 155.96 0.18 0.88 155.96 60.43 

5. 0.59 0.48 168.31 0.19 0.89 168.31 66.75 

 

 

 

 

Fig. 4.3 Relationships between Discharge and Lower Upstream Depth 
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     Fig. 4.4 Relationships between Discharge and medium Upstream Depth 

 

 

 

Fig. 4.5 Relationships between Discharges and Higher Upstream Depth 
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4.3 Testing and performance evaluation of developed pumping 

systems for lifting and carrying water 

 The developed pumping systems has been tested independently in different 

sites in the field of Krishi Vigyan Kendra, Raipur, I.G.K.V., Raipur (C.G.) and 

other suitable locations of canal command area in Chhattisgarh state under varying 

suction head and delivery head condition. The details are given in article 3.5.  

 In waterwheel operated water pumping system when wheel is operated by 

kinetic energy of water then kinetic energy is transferred into mechanical energy 

and this energy is transfer to belt drive, from kinetic energy is transfer to wheel, 

from wheel it is transfer to Pulley, from pulley energy is transmitted to pump by 

shaft. 

 This developed water wheel operated pumping system was tested on 

different heads for calculating its performance. The following Table 4.2 gives its 

performance at different heads. 

 When the suction head (0.56 m) is constant and the delivery head is varying 

from 0.70 m to 1.30 m it was seen that the discharge varying from 0.364 to 0.178 

lps is decreasing as the delivery head increasing. So, it was found that variation in 

delivery affecting the discharge very much. This is show in Fig. 4.6 

Table 4.5: Testing of pump discharge at constant suction head (0.56 m) and 

varying delivery head 

 

S.

No 

Ha 

(m) 

Hb 

(m) 

Wheel 

RPM 

Pulley 

RPM 

Suction 

Head 

(m) 

Delivery 

Head  

(m) 

Total 

Head 

(m) 

Dis-

charge 

(lps) 

Dis-

charge 

(lpd) 

1. 0.30 0.23 98 1274 0.56 0.70 1.33 0.364 31449 

2. 0.29 0.22 98 1274 0.56 0.90 1.52 0.342 29548 

3. 0.27 0.20 97 1261 0.56 1.10 1.72 0.303 26179 

4. 0.25 0.17 95 1235 0.56 1.20 1.81 0.248 21427 

5. 0.23 0.15 94 1222 0.56 1.30 1.91 0.178 15379 
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When the suction head varying from 0.22 m to 0.56 m and delivery head varying 

from 0.70 m to 1.30 m it was seen that the discharge varying from 0.389 to 0.192 

lps is decreasing as the discharge head increasing. So, it was found that variation in 

suction and delivery affecting the discharge very much. This is show in Fig. 4.7 

Table 4.6: Testing of pump discharge at varying suction and varying delivery 

head 

 

S. 

No 

Ha 

(m) 

Hb 

(m) 

Wheel 

RPM 

Pulley 

RPM 

Suct. 

Head 

(m) 

Delivery 

Head 

(m) 

Total 

Head 

(m) 

Dis-

charge 

(lps) 

Dis-

charge 

(lpd) 

1. 0.43 0.34 100 1300 0.22 0.70 0.99 0.389 33609 

2. 0.41 0.30 100 1300 0.30 0.90 1.27 0.372 32140 

3. 0.38 0.28 99 1287 0.42 1.10 1.58 0.321 27734 

4. 0.35 0.26 98 1274 0.50 1.20 1.75 0.262 22636 

5. 0.32 0.25 96 1248 0.56 1.30 1.91 0.192 16588 

 

 When the suction head varying from 0.22 m to 0.56 m and delivery head 

constant (1 m) it was seen that the discharge varying from 0.378 to 0.267 lps is 

decreasing as the delivery head increasing. This is shown in Fig. 4.8.  

Table 4.7: Testing of pump discharge at varying suction head and constant 

delivery head (1 m) 

 

S. 

No 

Ha 

(m) 

Hb 

(m) 

Wheel 

RPM 

Pulley 

RPM 

Suct. 

Head 

(m) 

Delivery 

Head 

(m) 

Total 

Head 

(m) 

Dis-

charge 

(lps) 

Dis-

charge 

(lpd) 

1. 0.59 0.48 102 1326 0.22 1 1.29 0.378 32659 

2. 0.57 0.45 101 1313 0.3 1 1.37 0.362 31276 

3. 0.53 0.41 99 1287 0.42 1 1.48 0.332 28684 

4. 0.49 0.38 98 1274 0.5 1 1.56 0.298 25747 
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5. 0.45 0.36 97 1261 0.56 1 1.61 0.267 23068 

At constant suction head 0.56 m, constant delivery head 0.17 m and 

varying carrying water from 0 to 30 m, the discharge varies from 0.342 to 0.279 

lps. So, it was found that variation in delivery affecting the discharge very much. 

This is show in Fig. 4.9 

 

Table 4.8: Testing of pump discharge at Constant suction head and varying 

distance carying of water 

 

S. 

No 

Ha 

(m) 

Hb 

(m) 

Wheel 

RPM 

Pulley 

RPM 

Suct. 

Head 

(m) 

Deli. 

Head 

(m) 

Dis-

tance 

(m) 

Dis-

charge 

(lps) 

Dis-

charge 

(lpd) 

1. 0.44 0.35 100 1300 0.56 0.17 0 0.342 29548 

2. 0.39 0.29 98 1274 0.56 0.17 10 0.329 28425 

3. 0.32 0.24 97 1261 0.56 0.17 20 0.308 26611 

4. 0.28 0.19 96 1248 0.56 0.17 30 0.279 24105 

 

At the varying suction head from 0.25 m to 0.56 m, constant delivery head 

0.17 m and horizontal distance travel from 0 to 30 m, discharge varies from 0.392 

to 0.279 lps. So, it was found that variation in delivery affecting the discharge very 

much. This is shown in Fig. 4.10 

Table 4.9: Testing of pump discharge at varying suction head and Varying 

Distance carrying of water 

 

S. 

No 

Ha 

(m) 

Hb 

(m) 

Wheel 

RPM 

Pulley 

RPM 

Suct. 

head 

(m) 

Deli. 

Head 

(m) 

Distance  

(m) 

Dis-

charge 

(lps) 

Dis-

charge 

(lpd) 

1. 0.44 0.35 102 1326 0.25 0.17 0 0.392 33868 

2. 0.39 0.29 99 1287 0.38 0.17 10 0.367 31708 

3. 0.32 0.24 98 1274 0.45 0.17 20 0.331 28598 
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4. 0.28 0.19 96 1248 0.56 0.17 30 0.279 24105 

 

 

 

Fig. 4.6: Discharge Vs head relationship at constant suction head and varying 

delivery head 

 

 

 
 

Fig. 4.7: Discharge Vs head relationship at varying suction and delivery head  
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Fig. 4.8: Discharge Vs head relationship at varying suction head and Constant 

delivery head 

 

 

 

Fig. 4.9 Discharge Vs distance carrying of water relationship at Constant 

suction head  
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Fig. 4.10 Discharge Vs Distance relationship at Varying suction head and  

Varying Distance carrying of water 

 

4.4 Performance evaluation of spiral tube pumping system for 

carrying water 

The spiral tube pumping system, as per its name it includes water wheel. It 

rotates due to force of water flow which is act on blade of wheel. Due to rotation of 

wheel the spiral tube take water in at one end of wheel which is open is at 

periphery of wheel. This water passes towards the centre of wheel into the coil as 

per revolution of wheel. From this centre of hollow axel we get water discharge as 

outlet. 

The developed pumping systems has been tested independently in different 

sites and canal command areas with varying different water depth condition while 

the developed pumping system based on kinetic energy of water has been tested in 

the field of Mandher Branch Canal Kendri and Mandher Branch Canal Tulasi 

(C.G.) and other suitable locations of canal command area in Chhattisgarh state. 

The developed small spiral tube pumping system was tested on different 

water depth for calculating its performance. The following Table 4.10 shows the 

performance at different depths. 
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When the water depth varies from 0.30 m to 0.46 m and velocity of water 

varying from 0.41 to 0.54 ms-1, it was seen that the discharge varying from 0.114 

to 0.193 lps is increasing as the water velocity to increasing discharge. So, it was 

found that velocity affecting the discharge very much. This is show in Fig. 4.11. 

Table 4.10: Testing of pump discharge varying water velocity with 1 m 

distance of carrying water 

When the water depth varying from 0.30 m to 0.46 m and velocity of water 

varying from 0.41 to 0.54 ms-1 and distance carrying water 10m then it was 

observed that the discharge varying from 0.070 to 0.098 lps, which was increasing 

as the discharge water velocity increasing. So, it was found that variation in 

velocity affecting the discharge very  

Table 4.11: Testing of pump discharge varying water velocity with 10 m 

distance of carrying water 

S. 

No. 

Water 

Depth (m) 

Water Velocity 

        (ms-1 ) 

Wheel 

RPM 

Distance 

(m) 

Discharge 

(lps) 

Discharge 

(lpd) 

1. 0.30 0.41 23 10 0.070 6022 

2. 0.34 0.45 25 10 0.074 6419 

3. 0.38 0.48 26 10 0.081 6972 

4. 0.42 0.52 28 10 0.088 7594 

5. 0.46 0.54 29 10 0.098 8467 

S. 

No. 

Water 

Depth (m) 

Water Velocity  

(ms-1 )  

 Wheel 

RPM 

Distance 

(m) 

Discharge 

(lps) 

Discharge 

(lpd) 

1. 0.30 0.41 23 1 0.114 9849 

2. 0.34 0.45 25 1 0.129 11145 

3. 0.38 0.48 26 1 0.147 12700 

4. 0.42 0.52 28 1 0.172 14860 

5. 0.46 0.54 29 1 0.193 16675 
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When the water depth varying from 0.30 m to 0.46 m and velocity of water 

varying from 0.41 to 0.54 ms-1 and distance carrying water 20m.it was seen that 

the discharge varying from 0.050 to 0.076 lps, which was increasing as the 

discharge water velocity increasing. So, it was found that variation in velocity 

affecting the discharge very much. This is show in Fig. 4.13 

Table 4.12: Testing of pump discharge varying water velocity with 20 m 

distance of carrying water                                                                                  

 

 

Fig. 4.11 Relationship between Discharge Vs Canal water velocities 
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S. 

No. 

 Water 

Depth (m) 

Water Velocity 

(ms-1 ) 

Wheel 

RPM 

Distance 

(m) 

Discharge 

(lps) 

Discharge 

(lpd) 

1. 0.30 0.41 23 20 0.050 4354. 

2. 0.34 0.45 25 20 0.055 4717 

3. 0.38 0.48 26 20 0.058 5028 

4. 0.42 0.52 28 20 0.065 5650 

5. 0.46 0.54 28 20 0.076 6566 
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Fig. 4.12 Relationship between Discharge Vs Canal water velocities  

 

 

Fig. 4.13 Relationship between Discharge Vs Canal water velocities 
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4.5 Economic Analysis 

Economical evaluation is a systematic valuation of the inputs and outcomes 

of two are more than two alternative activities, and the comparative analysis of 

these. The objective of economic evaluation is to evaluate the best course of 

action. 

Kinetic energy powered pumping system can be used for irrigations or for 

delivering water: however it is depended on flowing water, but it does not create 

any environmental hazards and energy conservation efficiency and operating costs 

are less. While Electricity and Diesel powered pumping system has a cheap capital 

cost; but it is a more energy consumption.  

 Solar pumping system has a high initial cost but it is considerably low 

efficiency and requires much maintenance. On the other hand, water wheel 

powered pumping system is almost completely opposite. The use of water wheel 

powered pumps can decrease the input cost up to minimum. Water wheel pumps 

are an attractive alternative technology for diverting water.  

Performance evaluation of pumping system to varying water depth, it was 

found that average discharge of pumping system is 32054 lpd. Hence, the 

comparison was made with a fixed volume of pumping of 3054 lpd. In this 

estimation measurement of discharge is compared to electric, diesel and solar 

pump. It was seen that varying of working hour of pump on per day and also 

varying total cost estimation on per day. It was found that a diesel engine pumping 

system is costly as compare to electrical, solar and water wheel pumping system. 

The comparative economic evaluation is shown in Table 4.13 while the detailed 

calculation is given in appendix E. 

As seen from Table 4.13 it is clear that with fixed volume of pumping 

32054 lpd, the minimum cost is with the water wheel system. The important 

constraint with the system is that it is very much depends on site specific 

conditions. 
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Table 4.13: Economical evaluation of pumping system 

 

Reading 

Cost   Analysis of Pumping   System 

 Water 

Wheel 

Electric 

Pump 

Diesel 

Pump 

Solar  

Pump 

Discharge (lpd) 32054 32054 32054 32054 

Working Hour 24 16 2.8 6.8 

Annual Usage, h 8760 5840 1022 2482 

Life Cycle, y 10 8 10 25 

Capital Cost, Rs 9000 3517 8640 26664 

Salvage Value, 

Rs/day 

900 351.7 864 2666.4 

Depreciation 

Cost, Rs/day 

2.22 1.08 2.13 2.63 

Interest, (lpd) 1.63 0.64 1.56 4.82 

Insurance, lpd 0.27 0.11 0.26 0.80 

Total Fixed Cost 4.12 1.83 3.95 8.25 

Labour Cost, 

Rs/day 

250 250 250 250 

Repair, Maint. 

Cost, Rs/day 

1.97 0.77 1.89 5.84 

Electric Cost, 

Rs/day 

_ 36 _ _ 

Petrol Charge, 

Rs/day 

_ _ 245 _ 

Lubrication Cost, 

Rs/day 

_ _ 49 _ 

Variable Cost, 

Rs/day 

251.97 286.77 545.89 255.84 

Total Cost, 

Rs/day 
256.09 288.60 549.85 264.10 
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CHAPTER - VI 

SUMMARY AND CONCLUSIONS 

 

5.1 Summary 

Lifting and carrying water for irrigation without electricity is a challenge. 

Lifting and carrying water to nearby pond/open well requires energy. In this study 

an attempt has been made if this can be met out from the kinetic energy of flowing 

water. This revolving of water wheel pumping system is eco- friendly and water 

pumping works on mechanical energy without electricity. The kinetic energy of 

flowing water can be utilized for some use full work like pumping. The energy 

produced by flowing water can be utilized for lifting and carrying water for 

different purposes such as irrigation and also for other rural works in remote areas. 

In the study “Development and Testing of Pumping Systems Powered by Kinetic 

Energy of Water” has been undertaken with following specific objectives: 

 

1. Development of pumping systems based on kinetic energy of water. 

2. Performance evaluation of developed systems for lifting and carrying 

water. 

3. Economical evaluation of developed pumping systems. 

 

A waterwheel operated pumping system for flowing water was developed at 

Department of Soil and Water Engineering, SVCAET and RS, FAE, IGKV, Raipur 

during the year 2018-19. 

The cup type pumping system was tested at different suction heads and 

delivery heads. When the suction head (0.56 m) is constant and the delivery head is 

varying from 0.70 m to 1.30 m. It was seen that the discharge varying from 0.364 

to 0.178 lps is decreasing as the discharge head increasing. So, it was observed that 

variation in delivery affecting the discharge very much. When the suction head 

varying from 0.22 m to 0.56 m and delivery head constant (1 m) it was seen that 

the discharge varying from 0.378 to 0.267 lps is decreasing as the discharge head 
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increasing. So, it was observed that variation in delivery affecting the discharge 

very much.  

 Spiral tube pumping system has shown certain constraints in the effective 

performance of the operation. When the water depth varies from 0.30 m to 0.46 m, 

it was seen that the discharge varying from 0.114 to 0.193 lps is increasing as the 

water depth to increasing discharge. So, it was observed that variation in depth 

affecting the discharge very much. When the water velocity varying from 0.41 m 

to 0.54 m and distance carrying water 20 m, it was seen that the discharge varying 

from 0.05 to 0.076 lps is increasing as the discharge water depth increasing. So, it 

was observed that variation in depth affecting the discharge very much. 

 The purpose of developing this systems is utilize the kinetic energy of 

flowing water can utilize for some use full work like pumping. The present 

research work is Carrie out in the field of Krishi Vigyan Kendra, Raipur, I.G.K.V., 

Raipur (C.G.) and other suitable locations of canal command area in Chhattisgarh 

state. The testing carried out to evaluate the performance of pumping systems. It 

was tested on the basic of water depth, suction head, delivery head, pump speed, 

pump discharge. This study revealed the meaningful findings, which may be 

developed further. 

5.2 Conclusions 

 Based on the performance of pumping system and kinetic energy of water, 

following conclusions were obtained: 

1. Two different types of pumping system viz. cup type and spiral tube have 

been developed and tested.  

2. The cup type system can give a maximum discharge of 33609 lpd at 

suction head 0.22 m and delivery head of 0.70 m. While spiral tube system 

can give a discharge of 6566 lpd at water velocity of 0.54 m and carrying 

distance of 20 m.  

3. Cost of operation per day for water wheel pumping system, electric pump, 

diesel pump and solar pump were found to be 256.09, 288.6, 549.85, 

264.10 Rs/day respectively. 
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4. The developed system can fulfill the site specific water pumping 

requirement for pumping water from nearby nallah to the nearby pond, 

without utilizing electric and diesel pump. 

 

5.3 Suggestions for future work 

1. The water wheel pumping can be modified to directly set of operate a drip 

and micro sprinkler system. 

2. This cup type water wheel pumping system can be modified to a suitable 

gear box mechanism can further improve the performance. 

3. The spiral type water wheel pumping system can be modified to floating 

type water wheel. 

4. A suitable pump, as per the existing condition in nallah can further enhance 

the performance of pumping system. 
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 APPENDIX A 

Table 1: Relation between discharge and lower depth of flow of parshall flume 

 

S. No.  Ha  

(m) 

 Hb 

(m) 

Discharge 

(lps) 

Area  

(m2) 

Velocity 

(ms-1) 

Mass 

(kg) 

K.E. 

(Joule) 

1. 0.23 0.15 37.02 0.06 0.61 37.02 7.09 

2. 0.25 0.17 42.60 0.07 0.62 42.60 8.24 

3. 0.27 0.20 49.10 0.08 0.63 49.01 9.52 

4. 0.29 0.22 53.26 0.08 0.64 53.92 10.52 

5. 0.30 0.23 59.50 0.09 0.66 59.50 12.85 

 

Table 2: Relation between discharge and medium depth of flow of parshall 

flume 

 

S. No.  Ha  

(m) 

 Hb 

(m) 

Discharge 

(lps) 

Area  

(m2) 

Velocity 

(ms-1) 

Mass 

(kg) 

K.E. 

(Joule) 

1. 0.32 0.25 64.44 0.10 0.64 64.44 13.38 

2. 0.35 0.26 73.56 0.10 0.71 73.56 18.30 

3. 0.38 0.28 82.53 0.11 0.75 82.53 23.23 

4. 0.41 0.30 92.83 0.12 0.77 92.83 27.77 

5. 0.43 0.34 104.66 0.13 0.79 104.66 32.96 
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Table 3: Relation between discharge and higher depth of flow of parshall 

flume 

 

S. No.  Ha  

(m) 

 Hb 

(m) 

Discharge 

(lps) 

Area  

(m2) 

Velocity 

(ms-1) 

Mass 

(kg) 

K.E. 

(Joule) 

1. 0.45 0.36 109.55 0.14 0.78 109.55 33.54 

2. 0.49 0.38 124.22 0.15 0.83 124.22 42.82 

3. 0.54 0.42 143.53 0.16 0.87 143.53 54.33 

4. 0.57 0.45 155.96 0.18 0.88 155.96 60.43 

5. 0.59 0.48 168.31 0.19 0.89 168.31 66.75 

 

APPENDIX B 

Table 1: Testing of pump discharge at constant suction head (0.56m) and 

varying delivery head 

 

  

S.

No 

Ha 

(m) 

Hb 

(m) 

Pulley 

rpm 

Suction 

Head 

(m) 

Delivery 

Head 

(m) 

Friction 

Loss 

(m) 

Total 

Head 

(m) 

Dis-

charge 

(lps) 

Dis- 

charge 

(lpd) 

1. 0.30 0.23 1274 0.56 0.70 0.07 1.33 0.364 31449 

2. 0.29 0.22 1274 0.56 0.90 0.06 1.52 0.342 29548 

3. 0.27 0.20 1261 0.56 1.10 0.06 1.72 0.303 26179 

4. 0.25 0.17 1235 0.56 1.20 0.05 1.81 0.248 21427 

5. 0.23 0.15 1222 0.56 1.30 0.05 1.91 0.178 15379 
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Table 2: Testing of pump discharge at varying suction head and also varying 

delivery head 

 

 
S.N

o 

Ha 

(m) 

Hb 

(m) 

Pulley 

RPM 

Suction 

Head 

(m) 

Delivery 

Head 

(m) 

Friction 

Loss 

(m) 

Total 

Head 

(m) 

Dis-

charge 

(lps) 

Dis-

charge 

(lpd) 

1. 0.43 0.34 1300 0.22 0.7 0.07 0.99 0.389 33609 

2. 0.41 0.30 1300 0.3 0.9 0.06 1.27 0.372 32140 

3. 0.38 0.28 1287 0.42 1.1 0.06 1.58 0.321 27734 

4. 0.35 0.26 1274 0.5 1.2 0.05 1.75 0.262 22636 

5. 0.32 0.25 1248 0.56 1.3 0.05 1.91 0.192 16588 

 

 

 

Table 3: Testing of pump discharge at varying suction head and constant 

delivery head (1m) 

 

 
S.N

o. 

Ha Hb Pulley 

RPM 

Suction 

Head 

(m) 

Delivery 

Head  

(m) 

Friction 

Loss 

(m) 

Total 

Head 

(m) 

Dis-

charge 

(lps) 

Dis-

charge 

(lpd) 

1. 0.59 0.48 1326 0.22 1 0.07 1.29 0.378 32659 

2. 0.57 0.45 1313 0.3 1 0.06 1.37 0.362 31276 

3. 0.53 0.41 1287 0.42 1 0.06 1.48 0.332 28684 

4. 0.49 0.38 1274 0.5 1 0.05 1.56 0.298 25747 

5. 0.45 0.36 1261 0.56 1 0.05 1.61 0.267 23068 
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Table 4: Testing of pump discharge at Constant suction head and Varying 

Distance travel of water 

 

 
S. 

No. 

Ha 

(m) 

Hb 

(m) 

Pulley 

RPM 

Suction 

head 

(m) 

Delivery 

Head 

(m) 

Friction 

Loss (m) 

Dis-

tance  

(m) 

Dis-

charge 

(lps) 

Dis-

charge 

(lpd) 

1. 0.44 0.35 1300 0.56 0.17 0.11 0 0.342 29548 

2. 0.39 0.29 1274 0.56 0.17 0.11 10 0.329 28425 

3. 0.32 0.24 1261 0.56 0.17 0.10 20 0.308 26611 

4. 0.28 0.19 1248 0.56 0.17 0.10 30 0.279 24105 

 

 

Table 5: Testing of pump discharge at Varying suction head and Varying 

Distance travel of water 

 

S. 

No 

Ha  

(m) 

Hb 

(m) 

Pulley 

RPM 

Suction 

head 

(m) 

Delivery 

Head 

(m) 

Friction 

Loss 

(m) 

Dis-

tance  

(m) 

Dis- 

Charge 

(lps) 

Dis- 

Charge 

(lpd) 

1. 0.44 0.35 1326 0.25 0.17 0.12 0 0.392 33868 

2. 0.39 0.29 1287 0.38 0.17 0.11 10 0.367 31708 

3. 0.32 0.24 1274 0.45 0.17 0.11 20 0.331 28598 

4. 0.28 0.19 1248 0.56 0.17 0.10 30 0.279 24105 
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APPENDIX C 

Table 1: Testing of pump discharge varying water depth with 1m distance of 

carrying water 

 

 

Table 2: Testing of pump discharge varying water depth with 10m distance of 

carrying water 

 

  

S. 

No. 

Water 

Depth (m) 

Water Velocity  

(ms-1 )  

 Wheel 

RPM 

Distance 

(m) 

Discharge 

(lps) 

Discharge 

(lpd) 

1. 0.30 0.41 23 1 0.114 9849.6 

2. 0.34 0.45 25 1 0.129 11145.6 

3. 0.38 0.48 26 1 0.147 12700.8 

4. 0.42 0.52 28 1 0.172 14860.8 

5. 0.46 0.54 29 1 0.193 16675.2 

S. 

No. 

Water 

Depth (m) 

Water Velocity  

(ms-1 )  

 Wheel 

RPM 

Distance 

(m) 

Discharge 

(lps) 

Discharge 

(lpd) 

1. 
0.30 0.41 23 10 0.070 6022 

2. 
0.34 0.45 25 10 0.074 6419 

3. 
0.38 0.48 26 10 0.081 6972 

4. 
0.42 0.52 28 10 0.088 7594 

5. 
0.46 0.54 29 10 0.098 8467 
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Table 3: Testing of pump discharge varying water depth with 20m distance of 

carrying water 

 

APPENDIX D 

Table 1: Measurements of discharge and kinetic energy for rectangular weir. 

S. No. Width 

of weir 

(m) 

Head of 

water 

(m) 

Area  

(m2) 

Discharge 

(m3s-1) 

Velocity 

(ms-1) 

Mass 

(kg) 

K.E. 

(Joule) 

1 1 0.1 0.1 0.06 0.58 58.19 9.85 

2 1 0.2 0.2 0.16 0.82 164.57 55.72 

3 1 0.3 0.3 0.30 1.01 302.34 153.54 

4 1 0.4 0.4 0.47 1.16 465.59 315.19 

5 1 0.5 0.5 0.65 1.30 650.54 550.62 

6 1 0.6 0.6 0.86 1.43 855.15 868.56 

7 1 0.7 0.7 1.08 1.54 1077.62 1256.93 

8 1 0.8 0.8 1.32 1.65 1316.60 1782.99 

9 1 0.9 0.9 1.57 1.75 1571.02 2393.48 

10 1 1 1 1.84 1.84 1840 3114.75 

 

S. 

No. 

 Water 

Depth (m) 

Water Velocity 

(ms-1 ) 

Wheel 

RPM 

Distance 

(m) 

Discharge 

(lps) 

Discharge 

(lpd) 

1. 0.30 0.41 23 20 0.050 4354.56 

2. 0.34 0.448 25 20 0.055 4717.44 

3. 0.38 0.48 26 20 0.058 5028.48 

4. 0.42 0.5178 28 20 0.065 5650.56 

5. 0.46 0.54 28 20 0.076 6566.4 



68 
 

APPENDIX E 

Table 1: Free-flow discharge values for Parshall flumes 

 

Head 

cm 

Discharge (lps) 

 

 

Head 

cm 

Discharge (lps) 

Throat Width Throat Width 

7.5 cm 15cm 7.5cm 15 cm 

3 0.8 1.4 17 11.4 23.2 

4 1.2 2.3 18 12.4 25.3 

5 1.7 3.3 19 13.6 27.8 

6 2.3 4.4 20 14.3 30.0 

7 2.7 5.4 21 15.8 32.7 

8 3.4 7.2 22 17.1 35.2 

9 4.3 8.5 23 18.2 33.7 

10 5.0 10.2 24 19.4 40.1 

11 5.8 11.6 25 20.7 42.7 

12 6.7 13.5 26 22.0 45.7 

13 7.5 15.0 27 23.3 48.1 

14 8.5 17.3 28 24.8 51.5 

15 9.4 19.2 29 26.0 54.0 

16 10.4 21.2 30 27.5 57.3 

 

Table 2: Dimensions and capacities of Parshall flumes (Free- flow) of various 

sizes 

  

Sections 

Throat Width, cm 

 

 

Sections 

Throat Width, cm 

7.5 cm 15 cm 7.5 cm 15 cm 

A 31 41.4 G 30.5 61 

B 45.5 61 K 2.5 7.6 

C 17.8 39.4 N 5.7 11.5 

D 26 39.7 X 2.5 5.1 

E 45.5 61 Y 3.8 7.6 

F 15 30.5 Discharge 

max. 

28.4 (lps) 110.8 (lps) 
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APPENDIX F (a) 

Economical evaluation of pumping systems 

1. Operational cost of developed pumping system 

Table 1: Material used fabrication of Waterwheel Pumping System 

 

1. Initial Cost of Water Wheel Pumping System 

Cost of Pumping System / Capital Cost = 9000 /- 

Economic Analysis 

Following assumption was made for economic analysis of Pumping system 

a. Expected life of Pumping System      = 10 Years 

S. No. Part Material Piece Size (inch) Price, ₹ 

1. Main Frame MS Angle 8 33”×40” 3000 

2. Carl Rim Cost Iron 1 26” 700 

3. Cups Cost Iron 16 5” 800 

4. Axel Stainless stile 1 Φ = 20 mm 200 

5. Belt Rubber 1 96” 300 

6. Bearing Stainless stile 2 1” 200 

7. Doctor 

pump 

Cost iron  1     1 HP 3000 

8. Socket  - 1 1” 400 

9. Suction pipe  PVC 1 1” 300 

  10. Foot valve PVC 1 1” 100 

    Total   9000 
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b. Working hour (H)   = 8760 h/y , when working hour 

      is 24 h/day 

c. Salvage  value (S)   = 900₹, 10% of capital cost 

d. Labour required    = 01   

e. Rate of interest           = 12% per annum 

f. Repair and Maintenance   = 8%  Capital cost 

g. Shelter and Insurance        = 2% initial cost 

1.1 Fixed Cost 

a. Depreciation Cost  

                         Depreciation (D)/hr.           =   
𝐶−𝑆

𝐿×𝐻
  

Where, 

D  =  Depreciation per hour  

C   =  Capital investment  

S  =  Salvage value, 10% of initial cost  

H  =  Number of working hour per year  

L   =  Life of machine in year  

                       Depreciation (D)/hr.          =         
9000−900

10×8760
  

           D          =  0.092 ₹/h × 24 

          D         =   2.22 ₹/day 

b. Interest:  

                   Interest (I)/hr.    =  
𝑐+𝑠

2
×

𝑖

𝐻
 

                                    =  
9000+900

2
×

0.12

8760
 

                            =   0.07 ₹/h  × 24 

                       I       =      1.63 ₹/day 
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c. Shelter and Insurance cost      

 Shelter is necessarily required against weather changes; shelter cost has 

been calculated at 2% of the average purchase price 

     

     SIC   =  
𝐶+𝑆

2
×  

𝑖

𝐻
 

             =  
9000+900

2
×  

0.02

8760
 

                    =  0.01 ₹/h × 24 

 SIC     =  0.27 ₹/day 

 Where, 

      I = Rate per year 

Then, Total Fixed Cost                        =  (2.22 + 1.63 + 0.27)  

                 =  4.12₹/day 

1.2 Variable Cost 

a. Labour Cost 

 Labour requirement                   =  01  

 Labour Cost                          =  250 ₹/day  

b. Repair & Maintained Cost 

Repair and maintenance @ 8% of initial cost  

                                                                =   
9000 ×8

8760 ×100
 

             =    0.08 ₹/hr. × 24 

            =  1.97₹/day 

Then, Total Variable Cost            = 250 + 1.97   

                  = 251.97₹/day 

1.3 Total Cost of Pumping System  

Total Cost of Pumping System        =  Variable Cost + Fixed Cost 

                      =  251.97 + 33.22 

                      =  256.09₹/d 
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APPENDIX F (b) 

2 Operation cost of 1 HP Kirloskar Electric Pump 

Table 2: Specification Kirloskar chotu star domestic use water pump 

 

Product code D11130101423 Motor body Cast iron 

Suc. X Del.  25 X 25 (mm) Winding  Copper  

Voltage 180 – 240 V Phase Single 

Head 3 -30 m Power (HP) 1 HP 

Discharge 34 – 6 (lpm) Power heavy duty 0.75 kw 

 

Initial Cost of Electric Pump 

Cost of Electric Pump / Capital Cost       = 3517 /- 

Economic Analysis 

Following assumption was made for economic analysis of Electric Pump 

a. Expected life of Electric pump      = 8 Years 

b. Working hour (H)       = 5840 h/y , when working hour 

      is 16 h/day 

c. Salvage  value (S)                         = 351.7 ₹, 10% of capital cost 

d. Labour required       = 01   

e. Rate of interest       = 12% per annum 

f. Repair and Maintenance             = 8%  Capital cost 

g. Electric charge per unit      = 4 ₹ 

2.1 Fixed Cost 

a. Depreciation Cost  

Depreciation (D)/hr.    =  
𝐶−𝑆

𝐿×𝐻
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                       Depreciation (D)/day               =  
3517−351.7

8×5840
 × 16 

 D   =  1.08 ₹ 

b. Interest: An annual charge of interest was calculated on the basis of actual rate 

of interest payable and average purchase price by the following formula: 

                                          Interest (I)/day   =  
𝑐+𝑠

2
×

𝑖

𝐻
 

                                         =  
3517+351.7

2
×

0.12

5840
 

                              =  0.04 ₹/hr. × 16 

                        I  =  0.64 ₹/day 

 

c. Insurance cost      

 Shelter is necessarily required against weather changes; shelter cost has 

been calculated at 2% of the average purchase price 

     

    Sc   =  
𝐶+𝑆

2
×  

𝑖

𝐻
 

                                                     =  
3517+351.7

2
×  

0.02

5840
 

          =  0.01 ₹/hr. × 16 

 Sc  =  0.11 ₹/day 

  

 

Then, Total Fixed Cost                  =   (1.08 + 0.64 + 0.11)   

                                                           =  1.83₹/day 

2.2 Variable Cost 

a. Energy Consumption  

                         =   [
750

1000
] × 4₹/unit 

                         =   3₹/hr. 
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b. Electric charge 

     Electric Charge (kWh)   = 
Total Power (W)×Total Time(t)

1000
 

                      =  
750 × 3

1000
 

                                  =  12 × 3 

                         =  36₹/day 

c. Labour Cost 

  Labour requirement            =          01 when working hour is 8 h/day 

Labour Cost          =  250 ₹/day 

d. Repair & Maintained Cost 

Repair and maintenance @ 8% of initial cost  

       =   
3517 ×8

5840 ×100
 

       =   0.05 ₹/hr. 

          =   0.77 ₹/day 

Then, Total Variable Cost            =  36 + 250 + 0.77   

        =  286.77₹/day 

 

2.3 Total Cost of Electric Pumping System 

Total Cost of Pumping System                 =  Variable Cost + Fixed Cost 

                        =  286.77 + 1.83 

                        =            287.90₹/day 
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APPENDIX F (c) 

3 Operational Cost of Kiloskar 1.5 HP Diesel pump 

Table 3: Specification of Self priming centrifugal pump Diesel engine pump 

 

Model No. KK- WPP- 15 Engine type 4 stroke 

Fuel tank capacity 1.3 Ltr Head 20  m 

Weight 12 kg Power (HP) 1.5 HP 

Engine Display 98 cc Engine Speed 3600 RPM 

Suc. + Del. 40 X 40 mm Output Capacity 12000 lph 

 

Initial Cost of Electric Pump 

Cost of Electric Pump / Capital Cost               = 8640 /- 

Economic Analysis 

Following assumption was made for economic analysis of Diesel Pump 

a. Expected life of Electric pump            = 10 Years 

b. Annual use of pumping system can be calculated as follows 

c. Working hour (H)                = 1022 h/y,when working hour 

is 2.8 h/day 

d. Salvage  value (S)               = 10%  of capital cost 

e. Labour required     = 01   

f. Fuel Cost (Diesel)                               =  70 ₹/Ltr 

g. Fuel Consumption                               =  1.25 Ltr/hr. 

h. Lubrication Cost                                  =  20%  Fuel Cost 

i. Rate of interest     = 12%  per annum 

j. Repair and Maintenance           = 8%   Capital cost 

 



76 
 

 

3.1 Fixed Cost 

a. Depreciation Cost  

                                    Depreciation (D)/hr.   =  
𝐶−𝑆

𝐿×𝐻
  

                               Depreciation (D)/day  =  
8640−864

10×876
 × 2.8 

                    D    =  2.13 ₹ 

b. Interest: An annual charge of interest was calculated on the basis of actual rate 

of interest payable and average purchase price by the following formula: 

                   Interest (I)/day  =  
𝑐+𝑠

2
×

𝑖

𝐻
 

                                      =  
8640+864

2
×

0.12

876
 

                                   =  0.56 ₹/hr × 2.8 

      I   =   1.56 ₹/day 

Where, 

    I = Interest per hour 

c. Insurance cost      

 Shelter is necessarily required against weather changes; shelter cost has 

been calculated at 2% of the average purchase price 

     

 Sc  =  
𝐶+𝑆

2
×  

𝑖

𝐻
 

      =  
8640+864

2
×  

0.02

876
 

 =  0.11 ₹/hr × 2.8 

   Sc  =  0.26 ₹/day 

Then, Total Fixed Cos = 2.13 + 1.56 + 0.26   

 = 3.95 ₹/day 
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3.2 Variable Cost  

a. Fuel Consumption  

              =  1.25 × 70 

                        =   87.5 Ltr/hr 

b. Fuel Cost  

                                                            =  87.5 × 2.8 

         =  245₹/day 

c. Lubrication cost 

                                                                      =  245 × 
20

100
 

                                                    =  49₹/day 

c. Labour Cost 

 Labour requirement                         =      01 when working hour is 8 h/day 

Labour Cost                       =  250 ₹/day 

d. Repair & Maintained Cost 

Repair and maintenance @ 8% of initial cost  

       =  
8640×8

876 ×100
 

       =  0.68₹/hr × 2.8 

           =  1.89₹/day 

 

Then, Total Variable Cost            =  245 + 49 + 250 + 1.89  

        =  633.39₹/day 

 

3.3 Total Cost of Fuel pump                   

Total Cost of Fuel pump                          =   Variable Cost + Fixed Cost 

                      =   545.89 + 3.95 

                      =   549.85₹/day 
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APPENDIX F (d) 

4. Operation cost of 1hp solar panel pumping system  

Table 4: Specification of solar panel (260 W) pumping system 

Solar Panel  Pumping system  

Material 
Polycrystalline 

Panel 
Motor Winding Copper 

Rated Power Range 240-270 W Head 10-49 m 

Module Voltage 24 V Phase Single 

Number of Cells 60 Power  (HP) 1HP 

Operating Voltage 24 V Discharge 100-20 LPM 

Dimension 
982 (W) x 1639 (H) x 

35 (T) mm 
Power (KW) 0.75 kW 

Module Weight 17.30 Kg Voltage 180-220 V 

 

Initial Cost of Solar Pump 

Table 5: Initial cost of 1 HP Solar Panel pump 

S. No. Product Material Piece Rs, ₹ 

1 Solar Panel Polycrystalline Panel 3 21744 

2 Solar Pump S. Steel 1 4120 

3 Pipe & Wire PVC 4 800 

   Total 26664 /- 
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Economic Analysis 

Following assumption was made for economic analysis of Solar Pump 

a. Expected life of Electric pump              = 25 Years 

b. Annual use of pumping system can be calculated as follows 

c. Working hour (H)                 = 2482 h/when working hour is 

6.8 h/day 

d. Salvage  value (S)                = 2666.4₹/day, 10% of capital  

      cost 

e. Labour required      = 01   

f. Lubrication Cost                                   =  20% Fuel Cost 

g. Rate of interest      = 12% per annum  

h. Rate of Insurance      = 2 % Capital Cost 

i. Repair and Maintenance            = 8%  Capital cost 

4.1 Fixed Cost 

a. Depreciation Cost  

                Depreciation (D)/hr      =  
𝐶−𝑆

𝐿×𝐻
  

                    Depreciation (D)/day    =      
26664−2666.4

10×2482
 × 6.8 

        D       =  2.63 ₹ 

b. Interest: An annual charge of interest was calculated on the basis of actual rate 

of interest payable and average purchase price by the following formula: 

                   Interest (I)/day   =  
𝑐+𝑠

2
×

𝑖

𝐻
 

                                                    =   
26664+2666.4

2
×

0.12

2482
 

                                     = 0.71 ₹/hr × 6.8 

 I  =  4.82 ₹/day 
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c. Insurance cost      

 Shelter is necessarily required against weather changes; shelter cost has 

been calculated at 2% of the average purchase price 

     

        Sc   =  
𝐶+𝑆

2
×  

𝑖

𝐻
 

                        =  
26664+2666.4

2
×  

0.02

2482
 

             =  0.12 ₹/hr. × 6.8 

       Sc    =  0.80 ₹/day 

Then, Total Fixed Cost             =   2.63 + 4.82 + 0.80 

            =   8.25₹/day 

4.2 Variable Cost  

c. Labour Cost 

 Labour requirement                           =  01 when working hour is 8 

h/day 

Labour Cost               =  250 ₹/day 

d. Repair & Maintained Cost 

Repair and maintenance @ 8% of initial cost  

         =  
26664×8

2480 ×100
 

         =  0.86₹/hr. × 6.8 

                 =  5.84₹/day 

Then, Total Variable Cost              = 250+5.84 

          =  255.84₹/day 

4.3 Total Cost of Solar Pump pump                                

Total Cost of Solar Pump pump                 = Variable Cost + Fixed Cost 

                          =  255.84 + 8.85 

                          =  264.10₹/day 
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