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[bookmark: OLE_LINK4][bookmark: _Toc236856832]Introduction
Hydropower is one of the most efficient renewable energy sources. Among impulse turbines, a type of hydropower solution, the Pelton wheel is widely used in high-head, low-flow applications because it efficiently converts the kinetic energy of high-velocity water into mechanical rotation and subsequently power. Despite advances in materials and manufacturing, its fundamental design has remained largely unchanged since the nineteenth century. This report evaluates the design, operation and performance of the Pelton wheel through literature review and experimental investigation. It also examines its historical development, materials, manufacturing methods and future developments before analysing experimental performance, fluid flow behaviour and the engineering standards governing its design and manufacture.





[bookmark: OLE_LINK1][bookmark: _Toc236856833]Historical, Current and Future Development of Pelton Wheels
[bookmark: _Toc236856834]Historical Development
[image: Pelton Turbine Bucket][image: Pelton  Water Wheel]Due to growing demand in the late nineteenth century for efficient hydroelectric power generation from high-head, low-flow water sources, the Pelton wheel, shown in Figure 1, was developed by Lester Allan Pelton (Garg, 2024). Early iterations of water wheels and impulse turbines were unable to fully utilise the kinetic energy of high-velocity water jets, which resulted in significant hydraulic losses and thus reduced power output (FSTGenerator, 2022). To overcome these limitations, Pelton introduced a new innovative bucket design, shown in Figure 2, which significantly improved the efficiency of impulse turbines by extracting more energy than previous designs (FSTGenerator, 2022). This innovation transformed the utilisation of high-head hydroelectric power and established the Pelton wheel as the preferred solution for these particular conditions.[bookmark: _Toc236856851]Figure 1 - Pelton Water Wheel (NoeHill, 2005)

[bookmark: _Toc236856852]Figure 2 - Pelton Turbine Bucket (SaVRee, 2026)


Despite significant technological advancements further improving performance, which will be discussed later, the design/geometry remains largely the same, highlighting the effectiveness of Pelton’s design (Montessori, 2025). 
[bookmark: _Toc236856835]Operating Principle & Current Applications
Pelton turbines are designed for high-head (60–1800m), low-flow hydroelectric schemes (Dickson, 2026), where gravitational potential energy is converted into pressure energy within the penstock before passing through a nozzle that produces a high-velocity water jet (Garg, 2024). The runner extracts the jet's kinetic energy through a change in momentum, converting it into mechanical rotation which drives an electrical generator, subsequently generating electricity (Garg, 2024). The process can be visualised in Figure 3 below. 
[image: Virtual Labs][bookmark: _Toc236856853]Figure 3 - Parts of a Pelton Turbine (Virtual Labs, n.d.)















 
The Pelton Wheel differs fundamentally from reaction turbines since the runner operates at atmospheric pressure and derives its energy purely from the momentum of the jet of water flowing through it and not from pressure changes within the runner. An important innovation in Pelton’s design was the adoption of a double-cupped bucket. The bucket contained a central splitter, which the jet of water strikes directly and therefore splits the stream equally between the two cups and is redirected by approximately 165° (Dickson, 2026), as shown in Figure 4. This maximises the change in momentum while preventing interference between adjacent buckets. The carefully engineered bucket profile also minimises turbulence, splashing and residual kinetic energy, therefore maximising energy transfer to the runner. Power outputs can range from a few kW up to tens of MWs on the largest utility-scale Pelton systems (Davies, n.d.).
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[bookmark: _Toc236856854]Figure 4 - Pelton Bucket Cross Section (Dickson, 2026)


Modern Pelton turbines operate under the high-head conditions specified earlier, achieving hydraulic efficiencies ranging from 85% to 90% (Garg, 2024). As Pelton turbines rely on high-velocity water jets, they are unsuitable for low-head applications, where Francis or Kaplan turbines provide greater efficiency (SaVRee, 2026). Therefore, the effective application of a Pelton Wheel depends on efficient bucket design and appropriate operating conditions. 
[bookmark: _Toc236856836]Materials Selection
In order for Pelton wheels to maintain effective performance and longevity, material selection is crucial, as components such as the runners and buckets operate in severe conditions and are subjected to high mechanical stresses (Montessori, 2025). Due to the repeated impact of the high-velocity jet, cyclic stresses are created, which in turn can lead to fatigue failure (Chiarelli, n.d.). Additionally, sediment and impurities within the water can erode the bucket surface and therefore reduce the overall efficiency (Egusquiza, 2017; Setyawan, 2024). Therefore, modern Pelton wheels are commonly manufactured from stainless steel or chrome-molybdenum alloys because of their high mechanical strength, corrosion resistance and resistance to cavitation/abrasive wear (Montessori, 2025). Advancements in materials science, however, have introduced surface coatings/treatments, that help reduce the cavitation abrasion and erosion (Montessori, 2025). 
[bookmark: _Toc236856837]Manufacturing processes, Quality Assurance & Future Developments 
[image: ]Manufacturing the Pelton wheel often involves the use of precision casting followed by CNC machining, in order to obtain a runner with a suitable bucket geometry for efficient momentum transfer (Maschinenbau-unterlercher, n.d.). These manufacturing methods are used as they provide high levels of accuracy, an example manufacturing process can be seen in Figure 5. Once manufactured, stainless steel runners may undergo heat treatment and surface finishing processes to improve hardness, fatigue strength and resistance to cavitation erosion and corrosion (EllediTech, 2026).[bookmark: _Toc236856855]Figure 5 - Pelton Runner Manufacturing Process (Voith, 2023)


Quality control is completed via dimensional inspection and non-destructive tests, such as mechanical stress tests, cavitation test or vibration testing, this identifies any potential manufacturing defects (EuroLab, 2025). These inspections identify manufacturing defects that could reduce efficiency, service life or standards compliance (EuroLab, 2025).
[image: ]Further developments of Pelton turbines aim to improve the efficiency with the help of advanced manufacturing techniques and digital analysis tools. Using CFD (Computational Fluid Dynamics) makes it possible for engineers to optimise the bucket geometry by simulating its performance and fluid flow prior to manufacture, as shown in Figure 6, thus saving time, cost and increasing operational efficiency (Garg, 2024). However, CFD analysis also has disadvantages, as models are dependent on the boundary conditions/geometry given to it, it may not be a true reflection of the system. Therefore, it is essential that the theoretical design is validated against experimental data (Quadco Engineering, 2009). [bookmark: _Toc236856856]Figure 6 - CFD of Pelton Runner (Makky, 2018)












Moreover, condition monitoring systems can allow continuous assessment of vibration levels and performance of the turbine, meaning maintenance can be completed as and when required, to maintain optimal efficiency (Egusquiza, 2017). Although the use of these technologies can lead to increased initial costs, over the entire lifecycle of the turbine they can reduce overall cost.

[bookmark: OLE_LINK2][bookmark: _Toc236856838]Experimental Investigation
[bookmark: _Toc236856839]Experimental procedure
The experiment investigated the performance characteristics of a Pelton turbine by measuring rotational speed and shaft power under a constant hydraulic head. The laboratory equipment at UWTSD, shown in Figure 7, was supplied with water at a constant head of pressure (0.4 bar). To maintain consistent conditions throughout the experiment, the nozzle diameter also remained constant, thus the flow rate remained approximately constant at 29L/min. By keeping these variables consistent, variations in performance could only be attributable to the mechanical loading, fluctuations in water energy/supply could not be considered. Therefore, a direct comparison between rotational speed and power could be established.
[image: ][bookmark: _Toc236856857]Figure 7 - The Pelton Wheel in the Engineering Science lab at UWTSD (University of Wales Trinity Saint David, 2026)









The test began with the turbine running with the lowest applied braking load, representing a braking force of 0.5N, where the highest value of rotational speed of 1185 rev/min was observed. The braking load, recorded as Force Test 2 in Table 1, was then increased incrementally by adjusting the dynamometer tension, thereby increasing the opposing torque acting on the turbine shaft. At each load increment, the turbine was allowed to stabilise before the braking force and rotational speed were recorded using the force gauge and digital tachometer.

Once the values were obtained, the measured braking force was used to calculate the shaft torque, from which the mechanical power output was calculated. These values were then used in order to produce a speed vs power output graph, and were calculated via equations provided by the university, which can be found in Appendix A. 
[bookmark: _Toc236856840]Experimental results 
[bookmark: OLE_LINK3]The recorded experimental values, shown in Table 1, include rotational speed, braking force, torque at the shaft, shaft power, and efficiency of the turbine for each load case.
[bookmark: _Toc236772219]Table 1 - Experimental Results
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The experimental data collected was used to construct the shaft power versus rotational speed curve (Figure 8). The graph demonstrates a performance curve which is expected of an impulse turbine under constant head conditions, thereby exhibiting behaviour consistent with the theoretical performance of a Pelton turbine.

[bookmark: _Toc236856858]Figure 8 - Power on Shaft (W) vs Speed (rev/min)
As seen from Table 1, Increasing the braking force from 0.5 N to 12.25 N reduced the rotational speed almost linearly from 1185 rev/min to zero, as more of the jet’s energy was required to overcome the braking resistance, subsequently reducing speed.
Although rotational speed decreased with increasing braking force, shaft torque increased from 0.0125Nm to 0.306Nm because of the higher tangential force exerted on the belt pulley. Due to the increase in torque, the shaft power initially increased as the higher torque outweighed the reduction in rotational speed. This relationship is described by Equation 1.
Equation 1 - (University of Wales Trinity Saint David, 2026)

Where Shaft Power (P) is proportional to both torque (M) and the angular velocity (. 
Figure 8 illustrates that maximum shaft power of approximately 12.3W, occurred between 600-700 rev/min, corresponding to a braking force of approximately 4-5N. At this operating point, momentum transfer between the water jet and the buckets was most effective as the torque increase has balanced with the reduction in rotational speed, therefore producing the highest power output.
Beyond the optimum operating point, further increases in braking force caused rotational speed to decrease more rapidly than torque increased. Therefore, shaft power declined despite the continued increase in torque. Under maximum loading, the runner stalled completely, producing zero rotational speed and therefore zero shaft power, even though the maximum torque of 0.306Nm had been achieved. This demonstrates that maximum torque and maximum power occur under different operating conditions, and it is essential a balance is found to achieve the greatest efficiency. Furthermore, as hydraulic input power remained approximately constant, turbine efficiency followed the same trend as shaft power as shown in Table 1, increasing to around 65% (maximum) before declining as the runner approached stall.
[bookmark: _Toc236856841]Critical appraisal of results 
The results obtained closely follow theoretical performance expected from an impulse turbine, indicating that the experiment successfully captured the principal operating characteristics of the Pelton turbine. The characteristic bell-shaped power curve demonstrates that the measured data is realistic and viable. 
To validate this, the speed vs power graph (Figure 8) was compared with a theoretical performance curve under constant head conditions (Figure 9). Although Figure 9 presents power vs wheel-to-jet speed ratio instead of rotational speed directly, it is still suitable for comparison. It can be seen that both graphs exhibit maximum power at an intermediate operating speed, with an increase and decrease in power output either side of optimal. Albeit Figure 9 exhibits higher power output/efficiency (100%) and a slightly different curve to the measured data, which can be attributed to experimental limitations and losses. 


[image: Solved A large pelton wheel turbine is operated by Pacific | Chegg.com][bookmark: _Toc236856859]Figure 9 - Theoretical Pelton Turbine Graph - (Chegg, 2026)














The greatest source of uncertainty originates from the force measurements used to determine braking force. Due to the spring balances oscillating, manual readings could not be accurate, which therefore introduced parallax and operator error. Furthermore, the 50mm pulley diameter meant small measurement errors produced relatively large percentage errors in the calculated torque, which propagated through subsequent calculations.
Equally, the rotational speed was measured manually using a tachometer, which therefore introduced potential uncertainties due to supply pressure fluctuations, vibrations or operator timing. In order to eliminate or limit these variables, repeating the test multiple times and calculating a mean result, would provide a statistically confident dataset that would improve the reliability of the test. Likewise, the hydraulic power was assumed constant, therefore the same uncertainties follow, any fluctuations in pump performance or pressure could have affected the flow rate. A solution to account for these fluctuations could be continuous monitoring of the system, which would improve the measurement accuracy of the experiment. 

Furthermore, the peak efficiency achieved from the experiment was 65%, considerably lower than the 85-92% typically achieved by full scale Pelton turbines. It must be considered that mechanical losses will have affected the results and contributed to poor efficiencies, these losses could be due to bearing friction, brake friction and aerodynamic drag. 
Finally, the experiment was only conducted over an operating head of 0.4 bar. A more comprehensive assessment could be achieved by repeating the experiment over a range of pressure heads and flow rates, enabling comparison of turbine performance under different operating conditions.















[bookmark: _Toc236856842]Fluid Flow Analysis
[bookmark: _Toc236856843]Jet formation and Energy conversion
The Pelton wheel converts the available hydraulic energy into kinetic energy before the water reaches the runner. As water passes through the converging nozzle, after flowing through the penstock, the reduction in cross-sectional area increases the jet velocity in accordance with the continuity equation and Bernoulli's principle (Sani, 2019). The runner then extracts energy solely through the change in momentum of the water jet hitting the bucket. Therefore, to operate efficiently the Pelton Wheel must produce a coherent, high-speed jet to provide maximum kinetic energy available to be transferred to the buckets (Patel, 2010). However minor hydraulic losses can be caused by viscous effects, surface roughness and manufacturing tolerances (Zhang, 2025). They can reduce jet coherence, decreasing the available kinetic energy and turbine efficiency, which highlights the importance of precision nozzle manufacture and maintenance (Fan, et al., 2024; Zhang, 2025).
[bookmark: _Toc236856844]Jet Impact and momentum transfer
As introduced in section 2.2, the water jet strikes the central splitter of the bucket, redirecting the flow of water into two streams through approximately 165–170° due to the curved geometry shape of the bucket, ensuring that the water leaves the bucket without striking the following bucket (Atthanayake, 2009; Dickson, 2026). This large change in flow direction results in a large corresponding change in momentum which, according to Newton’s Second Law, generates the force responsible for rotating the turbine shaft (Carri, 2026). In order to achieve maximum energy transfer, the jet should remain attached to the bucket for as long as possible, which is made possible due to the geometry of the bucket. Furthermore, it is crucial that the water hits the splitter centrally, in order to equally split the water and subsequently the force across the bucket (Dickson, 2026). 
In theoretical analysis of turbines, it is assumed that the water is redirected with negligeable energy loss and exits the bucket with almost zero residual kinetic energy (Zhang, 2016). Whereas turbulence and splashing can prevent complete momentum transfer (Atthanayake, 2009). Consequently, the realistic hydraulic efficiency of a Pelton turbine is always lower than the theoretical efficiency, which highlights the importance of practical testing over relying on a theoretical model. 
[bookmark: _Toc236856845]Boundary layer and Flow separation
As the water flows around the bucket, the boundary layer is formed due to the no-slip condition. The no-slip condition is when a fluid in contact with a solid boundary adheres to it, otherwise known as the Coanda effect (S&C Thermofluids Ltd, 2026), therefore within the Pelton bucket there is zero fluid velocity at the wall. Although the boundary layer is relatively thin, due to the Reynolds numbers associated with Pelton turbines, it remains a key contributor to the hydraulic efficiency of the system (Fan, et al., 2024). The reason it’s highly efficient and promotes maximum momentum transfer is because the boundary layer allows the water to trace the bucket geometry which is illustrated in Figure 10, resulting in smooth flow redirection.
[image: ]
[bookmark: _Toc236856860]Figure 10 - Pelton Turbine Simulation (Flow-3D, 2016)
However, if the boundary layer loses sufficient momentum due to friction with the bucket surface, it cannot overcome the adverse pressure gradient, causing flow separation (Zhang, 2025). Detached flow, where the water detaches from bucket surface, creates turbulence and recirculating flow, which then reduces momentum transfer and turbine efficiency (Fan, et al., 2024). Flow separation occurs more frequently when the surface becomes roughened, often caused by erosion, abrasion or cavitation (Zhang, 2025). This is due to surface imperfections increasing friction within the boundary layer, highlighting the importance of a smooth bucket surface which can be obtained through proper material selection, protective coatings and regular maintenance (Setyawan, 2024).
[bookmark: _Toc236856846]Critical appraisal of Fluid Flow
As previously mentioned, the fluid flow around the Pelton wheel reflects the theoretical principles of an impulse turbine, however the same conditions and efficiencies are rarely achieved. Theoretical models assume perfect conditions such as a fully coherent water jet that is aligned centrally to the splitter and complete flow attachment creating a boundary layer. Though this cannot always be satisfied due to viscous effects, turbulence and surface deterioration, therefore the turbine will achieve a reduced hydraulic efficiency as a result.  
In order to minimise these losses and achieve maximum efficiency, modern Pelton turbines use methods such as precision manufacturing, Computational Fluid Dynamics (CFD) optimisation and advanced materials. By using CFD, flow behaviour can be predicted via testing and therefore the design of the turbine can be optimised as required, additionally, due to the use of precision manufacturing the subsequent parts made are highly accurate (Garg, 2024). A limitation however is that CFD simulations rely on assumptions of turbulence and boundary conditions, meaning that they are not truly reflective of real-world conditions, which further highlights the importance of experimental validation (Quadco Engineering, 2009). Advanced material selection also plays a major part in maintaining efficiency through the turbine lifespan, as materials that better resist erosion and cavitation will perform better as they minimise flow separation (Setyawan, 2024; Hydro Review Content Directors, 2013). However, as the material will still degrade over time, a recommendation would be to implement continuous checks to monitor condition and therefore maintain efficiency (Egusquiza, 2018).










[bookmark: _Toc236856847]Codes of Practice and Industry Standards 
Pelton turbines should be designed, manufactured and operated following various international standards and codes of practice to ensure that they function properly and safely for their lifecycle. It is particularly important since hydropower turbines are used under high hydraulic loading and cyclic loads, which therefore makes component integrity, and operational safety critical.
Material selection and manufacturing quality play a big part in the effectiveness of turbine performance. Stainless steels are commonly used due to their high strength, corrosion resistant properties, which are essential when under intense cyclic loading conditions caused by the high-velocity jet (Hydro Review Content Directors, 2013). To confirm the material has the desired mechanical properties, internationally recognised material testing standards like BS EN 10088 are used (BSI Knowledge, 2014).  Similarly, manufacturing processes are controlled via quality management systems such as ISO 9001 (Voith, 2023), to ensure consistent production, continuous improvements and part traceability, therefore reducing the likelihood of manufacturing defects that subsequently affect turbine performance. 
However, during operation, Pelton turbines are subject to different standards, such as the IEC 61116, which must be considered during design. The standard provides guidance for the electro-mechanical design of hydroelectric installations. Which considers hydraulic performance, mechanical loading and operational requirements, to ensure that turbines achieve high efficiency while maintaining structural integrity under varying operating conditions (International Standards, 2025). Alternatively, performance testing of turbines may be undertaken in accordance with IEC 60193, which specifies methods of testing for turbines (International Electrotechnical Comission, 2019). This is in place to allow manufacturers to validate turbine performance and efficiency before being rolled out into full-scale manufacture, which therefore reduces development costs and improves confidence in the design.  
Health and Safety legislation is also an important part of the operation of hydroelectric turbines. In the UK, for example, the Health and Safety at Work Act 1974 requires employers to ensure measures are taken to mitigate hazards related to installation, operation and maintenance of machinery (Health and Safety at Work Act, 1974). Measures such as appropriate guarding of moving parts, safe isolation during maintenance and proper risk assessments can ensure this.
Collectively, these standards promote safe, reliable and efficient turbine operation. In turn, it helps increase the lifespan of the turbine and furthermore, reduce the possibility of mechanical failure or breakdowns. 





















[bookmark: _Toc236856848]Conclusion
In conclusion, the performance of the Pelton turbine is determined by how effectively hydraulic energy is converted into useful mechanical work while minimising energy losses. The results of the experiment displayed the expected characteristic power curve of an impulse turbine, with the maximum power being achieved at an intermediate rotational speed. In relation to the turbine efficiency, it was lower than what is theoretically possible with a full-scale Pelton turbine, and this difference could be attributed to mechanical and hydraulic system losses, in addition to the potential experimental uncertainties. 
Furthermore, the literature review highlighted the developments in the technology of the Pelton wheel such as the use of advanced manufacturing technology, CFD analysis, and material selection techniques. Therefore, the performance, reliability, and lifespan of modern Pelton turbines have increased as a direct result. Nonetheless, the design of the bucket has not changed significantly, demonstrating the effectiveness of Pelton's original design. In addition, the analysis of flow supports the need for a coherent water jet, attached fluid flow, and smooth bucket surface, to ensure better momentum transfer. Finally, the importance of implementing applicable engineering standards and principles of quality assurance was highlighted.










Bibliography
Atthanayake, I., 2009. Analytical Study On Flow Through a Pelton Turbine Bucket Using Boundary Layer Theory. International Journal of Engineering & Technology , 09(09), p. 11.
BSI Knowledge, 2014. https://knowledge.bsigroup.com/products/stainless-steels-list-of-stainless-steels-1. [Online] 
Available at: https://knowledge.bsigroup.com/products/stainless-steels-list-of-stainless-steels-1
[Accessed 24 July 2026].
Carri, D. A. D., 2026. Understanding Impact of Jets. [Online] 
Available at: https://arn.coventry.domains/Y1/ImpactOfJets/ImpactOfJets.html
[Accessed 21 July 2026].
Chegg, 2026. Mechanical Engineering Questions and Answers. [Online] 
Available at: https://www.chegg.com/homework-help/questions-and-answers/large-pelton-wheel-turbine-operated-pacific-gas-electric-company-tiger-creek-facility-inst-q11846451
[Accessed 12 July 2026].
Chiarelli, M., n.d. Improved damage detection of Pelton turbines through vibration-based methods. [Online] 
Available at: https://www.hes-so.ch/en/recherche-innovation/research-projects/detail-projet-recherche-2/improved-damage-detection-of-pelton-turbines-through-vibration-based-methods
[Accessed 4 July 2026].
Davies, P., n.d. Pelton and Turgo Turbines: What’s the Difference?. [Online] 
Available at: https://renewablesfirst.co.uk/renewable-energy-technologies/hydropower/hydropower-learning-centre/pelton-and-turgo-turbines/
[Accessed 4 July 2026].
Dickson, R., 2026. Pelton Water Wheel Mechanism Explained: How It Works, Parts, Formula, Diagram and Calculator. [Online] 
Available at: https://www.firgelliauto.com/blogs/mechanisms/pelton-water-wheel?srsltid=AfmBOoqOPmqWYo3MhnhxwLCtHc00drIcu916gl_xHW_Rvv5KwelGFP9a
[Accessed 1 July 2026].
Egusquiza, M., 2017. Advanced condition monitoring of Pelton turbines. [Online] 
Available at: https://www.imeko.info/publications/tc10-2017/IMEKO-TC10-2017-011.pdf
[Accessed 4 July 2026].
Egusquiza, M., 2018. Advanced condition monitoring of Pelton turbines. International Measurement Confederation, Volume 119.
EllediTech, 2026. PELTON HYDRAULIC TURBINES. [Online] 
Available at: https://www.elleditech.com/pelton-hydraulic-turbines/
[Accessed 4 July 2026].
EuroLab, 2025. IEC 60041 Field Testing of Hydraulic Turbines. [Online] 
Available at: https://www.testinglab.com/iec-60041-field-testing-of-hydraulic-turbines#:~:text=The%20International%20Electrotechnical%20Commission%20(IEC,reliability%20in%20diverse%20hydropower%20systems.
[Accessed 4 July 2026].
Fan, W., Sun, L. & Guo, P., 2024. Investigation on unstable flow characteristics and energy dissipation in Pelton turbine. Engineering Applications of Computational Fluid Mechanics, 18(1), pp. 16-21.
Flow-3D, 2016. Youtube - Pelton Turbine Simulation. [Online] 
Available at: https://www.youtube.com/watch?v=zwiFp3uQb5g
[Accessed 18 July 2026].
FSTGenerator, 2022. Overview and Design Principles of Pelton Turbine. [Online] 
Available at: https://www.fstgenerator.com/news/20220402/
[Accessed 1 July 2026].
Garg, K., 2024. Pelton Turbine: Working Principle, Design & Simulation. [Online] 
Available at: https://www.simscale.com/blog/pelton-turbine/
[Accessed 1 July 2026].
Health and Safety at Work Act, 1974. Health and Safety at Work etc. Act 1974. 37 ed. London: Parlliament.
Hydro Review Content Directors, 2013. Choosing the Right Material for Turbine Runners. [Online] 
Available at: https://www.renewableenergyworld.com/hydro-power/technology-equipment/choosing-the-right-material-for-turbine-runners/
[Accessed 23 July 2026].
International Electrotechnical Comission, 2019. IEC 60193. [Online] 
Available at: https://webstore.iec.ch/en/publication/60951
[Accessed 24 July 2026].
International Standards, 2025. Iec 61116-2025. [Online] 
Available at: https://www.scribd.com/document/1063118239/IEC-61116-2025
[Accessed 24 July 2026].
Makky, A. A., 2018. ANSYS-CFX Pelton Turbine. [Online] 
Available at: https://cfd2012.com/ansys-cfx-pelton-turbine.html
[Accessed 4 July 2026].
Maschinenbau-unterlercher, n.d. HYDROPOWER PELTON TURBINE. [Online] 
Available at: https://www.maschinenbau-unterlercher.at/en/wasserkraft/peltonturbinen
[Accessed 4 July 2026].
Montessori, 2025. Pelton Turbine Design. [Online] 
Available at: https://montessori-new.busybees.com/HomePages/s1319L/922353/Pelton%20Turbine%20Design.pdf
[Accessed 1 July 2026].
NoeHill, 2005. Historic Sites and Points of Interest in Nevada County. [Online] 
Available at: https://noehill.com/nevada_county_california/poi_pelton_water_wheel.asp
[Accessed 1 July 2026].
Patel, K., 2010. Development of Pelton turbine using numerical simulation, s.l.: OP Conference Series: Earth and Environmental Science.
Quadco Engineering, 2009. Advantages and Disadvantages of Computational Fluid Dynamics. [Online] 
Available at: https://www.quadco.engineering/en/know-how/cfd-advantages-and-disadvantages.htm
[Accessed 4 July 2026].
S&C Thermofluids Ltd, 2026. Coanda Effect Research. [Online] 
Available at: https://thermofluids.co.uk/index.php/design-and-analysis/coanda-effect-research/
[Accessed 21 July 2026].
Sani, A. E., 2019. Design and synchronizing of Pelton turbine with centrifugal pump in RO package. Energy, 172(1), pp. 787-793.
SaVRee, 2026. Pelton Turbine Bucket. [Online] 
Available at: https://savree.com/en/encyclopedia/pelton-turbine-bucket
[Accessed 2 July 2026].
Setyawan, E. Y., 2024. Optimizing Pelton turbine performance: unveiling the power of three nozzles for maximum efficiency and sustainable hydropower generation. Journal of Measurements in Engineering, 12(3).
University of Wales Trinity Saint David, 2026. ACEA6005 Structural and Fluid Analysis Coursework Assignment Brief, Swansea: University of Wales Trinity Saint David.
Virtual Labs, n.d. Characteristic curves of Pelton wheel. [Online] 
Available at: https://fm-iitk.vlabs.ac.in/exp/pelton-wheel/theory.html
[Accessed 2 July 2026].
Voith, 2023. Pelton turbines, s.l.: Voith.
Zhang, H., 2025. Research on Internal Flow Characteristics in the Buckets of Pelton Turbines under Kilometer-Head Range. Journal of Physics: Conference Series, 3150(1).
Zhang, Z., 2016. Pelton Turbines. s.l.:Springer International Publishing.
























[bookmark: _Toc236856850]Appendix A

[image: ]
[bookmark: _Toc236856861]Figure 11 - Experimental Results - Provided Equations (University of Wales Trinity Saint David, 2026)
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[bookmark: _Toc236856862]Figure 12 - Experimental Results - Efficiency Calculation
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[bookmark: _Toc236856863]Figure 13 - Experimental Results - Hydraulic Power Calculation
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[bookmark: _Toc236856864]Figure 14 - Experimental Results - Power On Shaft Calculations
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[bookmark: _Toc236856865]Figure 15 - Experimental Results - Torque on Shaft Calculation
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Pelton runner made of forged disc/welded-on bucket heads, manufacturing steps
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meter1l (Meter2 Speed Force Shaft Shaft Power Efficiency
(N) (N) (rev/min) (N) (Nm) (W) (W) (%)
1.0 0.50 1185 0.5 0.0125 2 19.33 8%
2.0 0.75 1140 1.3| 0.03125 4 19.33 19%
3.0 1.00 1100 2.0 0.05 6 19.33 30%
4.0 1.25 1020 2.8| 0.06875 7 19.33 38%
5.0 1.50 975 3.5 0.0875 9 19.33 46%
6.0 2.00 935 4.0 0.1 10 19.33 51%
7.0 2.25 885 4.8| 0.11875 11 19.33 57%
8.0 2.75 830 5.3| 0.13125 11 19.33 59%
9.0 3.00 775 6.0 0.15 12 19.33 63%
10.0 3.50 725 6.5 0.1625 12 19.33 64%
11.0 4.00 685 7.0 0.175 13 19.33 65%
12.0 4.50 640 7.5 0.1875 13 19.33 65%
13.0 5.00 600 8.0 0.2 13 19.33 65%
14.0 5.25 530 8.8| 0.21875 12 19.33 63%
15.0 5.50 465 9.5 0.2375 12 19.33 60%
16.0 6.00 400 10.0 0.25 10 19.33 54%
17.0 6.25 310 10.8| 0.26875 9 19.33 45%
18.0 6.50 235 11.5 0.2875 7 19.33 37%
19.0 7.00 150 12.0 0.3 5 19.33 24%
20.0 7.75 0 12.3| 0.30625 0 19.33 0%
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