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Abstract  

This paper presents the effect of available head on the performance of a Tablespoon Buckets Pelton wheel. A 

Pelton-wheel is a hydro-mechanical energy conversion device that converts the hydraulic energy of elevated 

water into mechanical works. It does this by the impulsion of the jet of water on a series of moving blades called 

buckets. This mechanical work can be further converted into other forms of energy such as electrical energy by 

means of an electrical generator. The kinetic energy of the water jet is directed tangentially at the buckets of a 

Pelton wheel. The Water-jet strikes each bucket’s convex profile and gets split into two halves.  All the jet 

energy is used in propelling the rim of the bucket wheel. Invariably, some water jet misses the buckets and 

passes onto the tail race without doing any useful work. This hydro device is a good source of hydro-electrical 

energy conversion for a high water head. At the available designed head of 35 m, the velocity of the jet was 

25.68 m/s and the velocity of the wheel was 12.5 m/s, giving rise to a turbine hydraulic efficiency of 92.6%. It 

was observed that as the available head increases, there are corresponding increases in the velocity of the jet and 

velocity of the wheel respectively in the Pelton wheel. The results of this tablespoon buckets Pelton wheel were 

in good agreement with the results of the standard Rajput Pelton wheel impulse turbine analysis. This is 

evidenced in the matching trends of their velocities and efficiencies for both analyses. 
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INTRODUCTION 

The Tablespoon Buckets impulse turbine is a form of 

a Pelton wheel impulse turbine. It is a hydro-

mechanical energy conversion device that converts 

the hydraulic energy of elevated water into 

mechanical works. The Pelton wheel impulse turbine 

converts the gravitational energy of elevated water 

into mechanical work. This mechanical work in turn 

is converted into electrical energy by means of 

running an electrical generator. Pelton wheel is a 

form of hydraulic turbine that makes use of water for 

its operation. Falling water contains stored hydro 

energy which can be converted to other forms of 

energy such as mechanical energy for useful work. 

The energy will cause the rotation of a shaft carrying 

buckets to produce power thereby producing 

electricity. This Pelton wheel is a tangential flow-free 

jet impulse turbine whose nozzle transforms water 

under a high head into a powerful jet. In this turbine, 

all of the kinetic energy of the jet is transformed into 

mechanical energy, giving rise to a high efficiency of 

the turbine.  

 

Pelton Turbines have been widely used in 

hydroelectric plants in the northern part of Nigeria 

example is the Kanji dam power generation system 

that can be put into a limitless set of applications such 

as transport, heating, lighting, communications, and 

consumption, among others.  A turbine is a rotary 

engine that extracts energy from a fluid flow and 

converts it into useful mechanical work. The Pelton 

wheel is a tangential flow-free jet impulse turbine. A 

nozzle transforms water under a high head into a 

powerful jet. The momentum of this jet is destroyed 

by striking the runner, which absorbs the resulting 

force. If the velocity of the water, leaving the runner 

is nearly zero, all of the kinetic energy of the jet has 

been transformed into mechanical energy, so the 

efficiency is high. This type of free-jet water turbine 

was first introduced by an American; named Lester 

Pelton in 1870 and the device is called the Pelton. 

 

In this study, the variation of the available head with 

the velocity of the jet and the velocity of the wheel is 

examined to ascertain the performance of the turbine 

with tablespoon buckets in terms of its efficiency. 

The concepts can be applied to design a Pelton wheel 

for industrial purposes, research, the health sector, 

aviation, community water supply, marine services, 

power plant, and petroleum industries. The aim of 

this work is to confirm the effectiveness of applying 

fluid flow principles in the performance of the Pelton 

wheel turbine and the innovative way of using 

tablespoons for the design of the Pelton turbine 

buckets for power generation. 

 

 

 

Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 14(3):97-102 

© Scholarlink Research Institute, 2023 (ISSN: 2141-7016) 

scholarlinkinstitute/jeteas.org 



 

Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 14(3):97-102 (ISSN: 2141-7016)  

98 

 

LITERATURE REVIEW  

The application of the Pelton wheel impulse turbine 

in laboratories and industries for fluid flow analysis 

and simulation of real-life fluid flow scenarios, which 

are essential, had been performed by different 

authors. Pelton wheels are used for hydro-power 

where the available water source has a relatively high 

hydraulic head at low flow rates and is mounted on 

vertical oil pad bearings in hydroelectric plants. 

Pelton turbines are also used in laboratories for 

educational purposes. It has the advantages of simple 

construction and maintenance and can work on high 

heads and low discharge. The Intake and exhaust of 

water take place at atmospheric pressure hence no 

draft tube is required and no cavitation problem.   

 

This section presents a review of the previous work 

relating to the Pelton turbine and other reciprocating 

systems which has been extensively discussed by 

several scholars such as in hydropower plant for 

power generation (1). Petley (2) applied CFD 

techniques to analyse the impact of the injector 

nozzle and spear configuration on the runner 

performance based on the real-jet profiles, Clare et al 

(3) carried out a study that show that PET bucket-

designed Pelton turbine can be a viable replacement 

for renewable energy production by making use of 

polyethylene terephthalate bottles for the analysis, 

Audrius (4) employed a computational fluid 

dynamics approach for the optimization and 

improvement of the efficiency of a Pelton hydro 

turbine with an increase of 2.5% from the original 

efficiency, Christian et al (5) propose a strategy to 

optimize the performance of a Pelton runner based on 

a parametric model of the bucket geometry using 

numerical simulations. According to Varum et al (6), 

the distributor in a Pelton-type hydro turbine is the 

most important assembly, hence the optimisation of 

the distributor bifurcates will provoke an acceleration 

of water flow to the main nozzle, Kjartan (7) 

indicated in a study of flow in Pelton turbines that the 

flow in Pelton turbines is subsonic, turbulent and 

multiphase, Beatrice et al (8) undertook flow analysis 

inside a Pelton turbine bucket resulting in the same 

pressure distribution on the bucket for various heads. 

Ekong (9) in the performance analysis of Tablespoon 

Buckets Impulse Turbine, indicates that as the 

diameter of the jet increases, there is a corresponding 

increase in the discharge, and Ekong et al (10) study 

the effect of thermodynamics properties in a 

reciprocating machine and concluded that as the 

compression pressure increases, there is a 

corresponding increase in efficiency in the system. 

 It can be seen that renowned scholars have made 

several analyses of the performance of the Pelton 

wheel using various techniques. The significance of 

the present work was to ascertain the effectiveness of 

the turbine and also to introduce the use of 

tablespoons for the design of the buckets of the 

turbine, which is innovative for educational purposes 

and a better explanation of the design of the buckets 

and for a better visual understanding of the use of 

impulse turbine in power generation for discussion in 

fluid mechanics, fluid machinery laboratories, and 

when used industrially. 

 

MATERIALS AND METHODS  

The concepts employed in this study for material 

selection during the conceptual stage include the 

application of creativity techniques such as lateral 

thinking and brainstorming based on quality, 

availability, and cost; it is therefore essential to apply 

creativity techniques in problem-solving as presented 

in Ekong et al (11) and Ekong (12). The following 

properties were considered in selecting the materials 

needed for the construction of the Pelton wheel 

physical properties, mechanical properties, cost of 

maintenance, availability of materials, and durability 

among others. The materials used in the construction 

of the Pelton wheel were sourced locally, some of the 

major materials used in the construction are mild 

steel sheet, mild steel angle iron, stainless steel ladle, 

bearing set, wooden and mild steel pulley, galvanized 

shaft, rough and smooth sandpaper, welding 

electrodes, Perspex glass, mild steel runner, pieces of 

PVC pipes with its fittings, bolt, and nuts among 

others. The major parts of the Tablespoon Buckets 

Pelton wheel impulse turbine, which include the 

runner with buckets, the water reservoir, the casing, 

the pump unit, and the output power unit, are 

assembled together by welding and mechanical 

fastening using bolts and nuts.  

 

The mechanical fastening was to enable an easy 

assembly and disassembly of each of the parts of the 

turbine where necessary. The finishing process 

involves surface smoothening, removal of rough 

edges, brushing, and painting among others. The 

design principle of the Pelton wheel (an impulse) 

turbine was based on the principle of conservation of 

energy. The hydraulic energy of water is converted to 

kinetic energy in the nozzle, as the water impinges on 

the buckets, it loses all its velocity, and its energy is 

converted to mechanical energy in the form of the 

rotation of the runner. This mechanical energy is used 

in running an electric generator or dynamo as shown 

in Figure 1 
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Figure 1: Block diagram showing design principle in hydraulic turbine. 

 

The major parts of this Pelton wheel turbine are a 

centrifugal pump, pressure gauge, nozzle, PVC pipe, 

water tank (tail race), control valve, bucket, casing, 

runner, shaft, pulley system, and bearing set. The  

 

fabricated runner, the tablespoon buckets, and the 

assembly Tablespoon Buckets Pelton wheel Impulse 

Turbine is shown in Figures 2 and 3 respectively 

 

Figure 2: Fabrication of the runner and the tablespoon buckets            

 

 
Figure 3: The Manufactured Tablespoon Buckets 

Pelton wheel Impulse Turbine 

 

Design Analysis  
The following parameters were considered with their 

usual notation, concepts, and formula for the analysis 

of the Pelton wheel parameters. The parameters 

include the velocity of the wheel (u), the velocity of 

the jet (v), and the efficiency of the impulse turbine. 

The concepts applied in this study according to [1] 

are: 

 1 

  2 

Where  = speed ratio, given as 0.46 3 

Hydraulic efficiency which is given as;  

   4 
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RESULTS AND DISCUSSION  

This chapter presents the results and discussion of 

this work. This includes the analysis of the effect of 

the available head on the velocity of the jet at the 

inlet, the velocity of the wheel, and the hydraulic 

efficiency of the Pelton wheel turbine. The following 

design parameters of the Pelton wheel are employed 

in this study: 

Diameter of wheel, D =0.17m  

Diameter of jet, d =0.03m  

Angle of the deflection of the jet = 165o   

The vane angle of at outlet ϕ =15o  

Manufacturer’s designed pump head = 35m  

Coefficient of the velocity of the nozzle Cv = 0.97 

Blade speed ratio, Ku = 0.46 

Relative velocity of water at exit is = 86 times the 

velocity at inlet 

 

The analyses for the velocity of jet at inlet, velocity 

of wheel and the effect on the hydraulic efficiency  

Applying concepts in Equations 1, 2, 3 and 4; 

From Equation 1 which is given as, 

 

Therefore,   

 
From Equation 2 which is given as, 

 

From Equation 3, where  = speed ratio, given as 

0.46 

Hence,    

 

Hydraulic efficiency which is given from Equation 4 

as;  

 

 

 
 

Relationship between available head with the 

velocity of Jet at inlet and the velocity of the 

Wheel   

With a design available head of 35 m and angle of 

deflection of 1650, the velocity of the jet at the inlet 

was 25.68m/s and the velocity of wheel 12.05 m/s. 

Further analyses were performed by increasing the 

available head in 10th for four consecutive times; the 

data were obtained as shown in Table 1. Table 1 

shows the variation of the available head with the 

velocity of the jet at the inlet, the velocity of wheel, 

and the resulting effect on the hydraulic efficiency. 

The variations of the available heads with the 

velocities are presented graphically in Figure 4. 

 

Table 1: Variation of available head with velocities of 

the Pelton wheel Impulse Turbine   

Availabl

e Head 

(H) 

Velocity 

of Jet at 

inlet, V1 

Velocity 

of Wheel, 

u 

Hydraulic 

Efficiency, 

% 

35 25.68 12.05 92.6 

45 29.12 13.67 92.6 

55 32.19 15.11 92.6 

65 35.00 16.43 92.6 

75 37.59 17.65 92.6 
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Figure 4: The variation of available head with 

velocities 

 

The analyses indicate that, an increase in the 

available head increases the velocity of jet at inlet and 

the velocity of the wheel respectively.  

 

RAJPUT (2008) PELTON WHEEL ANALYSIS 

This section presents a standard computed result from 

Rajput analysis for the variation of the available head 

with the velocity of jet at inlet and the velocity of 

wheel of Pelton wheel impulse turbine the following 

parameter:  Available head of 420 m, speed of wheel 

480 r.p.m, angle of the deflection of the jet = 1650, 

coefficient of the velocity of the nozzle Cv = 0.98, 

blade speed ratio, Ku = 0.46, overall efficiency of 

85% and the relative velocity of water at exit of 86 

times the velocity at inlet. By increasing the speed in 

10th for four consecutive times, the following data 

were computed for the velocities as presented in 

Table 2 with the resulting effect on the hydraulic 

efficiency. The resultant computation is shown 

graphically in Figure 5. The analysis indicates that an 
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increase in the available head increases the velocity 

of the jet at the inlet and the velocity of the wheel 

respectively.  

Applying the following concepts; 

 
Therefore,  

 

 
Where  = speed ratio, given as 0.46 

Hence, 

 

Hydraulic efficiency which is given as;  

 

 

 
 

Table 2: Variation of available head with velocities 

of the Pelton wheel Impulse Turbine   

Available 

Head (H) 

Velocity of 

Jet at inlet, 

V1 

Velocity 

of 

Wheel, u 

Hydraulic 

Efficiency, 

% 

420 88.05 41.76 92.6 

430 89.10 42.25 92.6 

440 90.13 42.74 92.6 

450 91.14 43.22 92.6 

460 92.15 43.70 92.6 

 

Validation of the Result  

The validation of the variation of the available head 

with the velocity of the jet and velocity of the wheel 

is carried out between this study and Rajput's (2008) 

analyses to ascertain the accuracy of the Tablespoon 

bucket Pelton wheel.  The results were in good 

agreement with the results of the standard Rajput 

(2008) Pelton wheel impulse turbine analysis. This is 

evidenced in the trends of the velocities and the 

matching of the hydraulic efficiency of both analyses.  

The results of the analyses for both analyses show 

that, as the available head increases, there are 

corresponding increases in the velocity of the jet and 

velocity of the wheel respectively in the Pelton 

wheel.  The various velocities were employed in the 

computation of the hydraulic efficiency of the 

Tablespoon Buckets Pelton wheel impulse turbine. 

The analyses gave a hydraulic efficiency of 92.6% 

which is in good agreement with a standard Rajput 

(2008) hydraulic efficiency of 92.6%. 

 

CONCLUSION 

The effect of available head on the performance of a 

Tablespoon Buckets Pelton wheel was performed and 

the aim was achieved. A Pelton-wheel is a hydro-

mechanical energy conversion device that converts 

the hydraulic energy of elevated water into 

mechanical works. It does this by the impulsion of 

the jet of water on a series of moving blades called 

buckets. This mechanical work can be further 

converted into other forms of energy such as 

electrical energy by means of an electrical generator. 

At the available designed head of 35 m, the velocity 

of the jet was 25.68 m/s and the velocity of the wheel 

was 12.5 m/s, giving rise to a turbine hydraulic 

efficiency of 92.6%. It was observed that as the 

available head increases, there are corresponding 

increases in the velocity of the jet and velocity of the 

wheel respectively in the Pelton wheel. The results of 

this tablespoon buckets Pelton wheel were in good 

agreement with the results of the standard Rajput 

(2008) Pelton wheel impulse turbine analysis. This is 

evidenced in the matching trends of their velocities 

and efficiencies for both analyses. The Tablespoon 

Buckets Pelton wheel turbine is recommended for use 

in the practical demonstration of power generation in 

the fluid machinery laboratory. 
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