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[bookmark: _Toc236815399]Introduction 
Hydropower remains one of the most reliable and widely used renewable energy sources globally, it converts kinetic and potential energy of water into mechanical and electrical power. Among the various types of hydraulic turbines, the Pelton Wheel is widely recognised for its efficient high-head and low-flow applications, making it a significant technology in hydroelectric power generation. Invented by Lester Allan Pelton in the late nineteenth century, the Pelton Wheel has continuously evolved through advances in engineering design and material selection, further improving its performance, efficiency and durability. 
This assignment investigates the engineering principles and fluid dynamics associated with the Pelton Wheel. Practical experimentation will be conducted in the Engineering Science laboratory at UWTSD to determine the turbine’s operating characteristics. The results will be critically evaluated to assess the turbine’s performance and identify any limitations or potential human errors. Through theoretical understanding and experimental evaluation, the turbine’s characteristics will be examined in detail, alongside modern developments, fluid flow behaviour and applicable engineering standards. Secondary research will be used to examine its historical development alongside current technologies and potential future innovations with particular emphasis on materials, manufacturing methods and quality assurance techniques. 
Furthermore, this assignment will apply key fluid mechanic concepts including boundary layer development and flow separation to explain the interaction between water jets and the Pelton Wheel’s split buckets. Finally, relevant engineering codes of practice and industry standards will be discussed.



[bookmark: _Toc236815400]Task 1: Research
[bookmark: _Toc236815401]1.1 Historical Development 
[image: ]The Pelton Wheel was the first highly efficient and successful hydraulic water wheel (ASCE, 2026). Designed, developed and tested in 1870 by Lester Allan Pelton, early water wheels were relatively inefficient. However, Pelton eliminated many of those inefficiencies by introducing split buckets as shown in figure 1. This design allowed the water jet to split and be deflected equally to both sides of the bucket, reducing energy losses caused by water striking adjacent buckets and increasing the efficiency of conventional water wheels from approximately 30-40% to as much as 90% (Crawford, 2012). The Pelton Wheel operates by directing high-velocity waterjets onto a series of double-cupped buckets, mounted around the circumference of the wheel (Garg, 2024). The Pelton Wheel is known as an impulse turbine because it converts the kinetic energy of water into mechanical energy (Savree, 2026). [bookmark: _Toc234835703][bookmark: _Toc234920994][bookmark: _Toc235365802][bookmark: _Toc235365875][bookmark: _Toc236759725]Figure 1 – Lester Pelton Original Design (Savree, 2026)

This unique design allowed hydroelectric turbines to operate with greater efficiency and enabled their application in a wider range of locations. Previously, water wheels were limited to larger sites with substantial water resources. Unlike traditional water wheels, the Pelton Wheel is driven by kinetic energy transfer of the waterjet, rather than the pressure acting directly onto the wheel. Pelton’s invention revolutionised hydropower and remains widely used today due to its high efficiency when operating under appropriate head conditions (Crawford, 2012). 
[bookmark: _Toc236815402]1.2 Current Technologies 
In modern applications, Pelton Wheels are used in both large-scale hydropower plants and small-scale installations. They have evolved significantly through advancements in engineering and material science. Global hydropower capacity grew by 28 GW in 2025, with total installed capacity reaching 1,469 GW and pumped storage installed capacity exceeding 200 GW for the first time, reinforcing hydropower as the world’s largest source of renewable electricity (IHA, 2026). 
Contemporary Pelton Wheel systems incorporate high-performance alloys, precision-machined buckets and optimised nozzle geometries. These advancements collectively improve operational efficiency, reduce wear and extend the operational lifespan. Modern computational tools such as Computational Fluid Dynamics (CFD) is used to model Pelton Wheels, allowing engineers to refine jet impact angles and bucket profiles, ensuring maximum energy transfer (CFD Land, 2024). 
Pelton Wheel technology can also be integrated into smart grid systems, contributing to a more responsive and sustainable electricity network. Their simple design, reliability and ability to operate under varying load conditions make them a popular choice for renewable energy. Current installations increasingly incorporate digital monitoring through Supervisory Control and Data Acquisition (SCADA) systems and Internet of Things (IoT) based sensors, enabling operators to monitor turbine speed, flow rate and vibrations in real time. This improves operational efficiency, increases precision and enhances safety while enabling predictive maintenance, reducing downtime and improving overall system reliability (Kumar, 2023). 
[bookmark: _Toc236815403]1.3 Material Selection 
Choosing the right material is a critical factor in the performance and lifespan of a Pelton Wheel, as buckets are subjected to continuous impact from high-velocity waterjets. Factors such as water quality, operating conditions and environmental conditions are important considerations when selecting suitable materials (Simis Casting, 2025). Modern Pelton Wheels are commonly manufactured from high-strength stainless steel alloys, particularly duplex due to its excellent corrosion resistance, high strength and toughness (Simis Casting, 2025). These properties minimise wear, reduce maintenance requirements and improve the overall reliability. 
Research into advanced materials, such as high-strength stainless steels and composite structures aims to improve durability while reducing maintenance requirements. For example, composites can reduce the weight by 50% to 80% and superhydrophobic polymer coatings can reduce head losses by 4% to 20% (Quaranta, 2022). In applications where increased resistance to erosion or cavitation is required, composite materials and advanced surface coatings may provide additional benefits.  
[bookmark: _Toc236815404]1.4 Manufacturing Processes 
The correct manufacturing process is essential for producing high-performance Pelton Wheels. The wheel buckets are typically produced using investment casting as it allows complex bucket geometries to be manufactured with high dimensional accuracy and smooth surface finishes. Following casting, Computer Numerical Control (CNC) machining is commonly used to achieve the precise bucket profile required for maximum energy transfer and turbine efficiency (Simis Casting, 2025). 
[bookmark: _Toc236815405]1.5 Quality Considerations 
Quality considerations are essential in the design, manufacture and operation of Pelton Wheels to ensure high efficiency, reliability and long service life. One of the most important factors is the quality of the runner and bucket materials. Buckets are continuously subjected to high-velocity waterjets which can cause corrosion erosion, wear and fatigue over time. Therefore, corrosion-resistant materials such as stainless steel are commonly used to improve durability and maintain performance. 
The accuracy of bucket geometry is also critical. Poorly manufactured or damaged buckets can reduce the efficiency of energy transfer from the waterjet to the runner, resulting in lower power output. The split in the middle of a bucket known as the ‘bucket split’ is crucial for efficient energy transfer  (Modern Physics , 2026). Any deviation from the intended curvature of the buckets can significantly disrupt water-jet deflection, leading to efficiency losses. Precision machining and quality control inspections are therefore required during production to ensure that bucket dimensions meet design specifications.
Surface finish is another important consideration. Smooth bucket surfaces minimise frictional losses and reduce the likelihood of cavitation or turbulence that could negatively affect performance. Improved polishing techniques and advanced coatings can be used to maintain optimal surface conditions. In addition, the alignment of the nozzle and runner must be carefully maintained to ensure that the water jet strikes the bucket correctly (Modern Physics , 2026).
[bookmark: _Toc236815406]1.6 Future Developments 
Future developments of Pelton Wheel technology are focused on improving efficiency, sustainability and operational flexibility. Advances in Computational Fluid Dynamics (CFD) tools are being used not only for performance prediction but also for automated optimisation, providing detailed analysis and improve performance characteristics (Modern Physics , 2026). Enabling engineers to refine bucket geometry and nozzle design with great accuracy which help reducing energy losses and increasing power output (Garg, 2024). 
In addition, the integration of smart sensors, automation systems and real-time performance monitoring is expected to become more sophisticated, supporting predictive maintenance and autonomous control strategies. SCADA technologies support predictive maintenance and improved operational control. As global demand for renewable energy continues to grow, Pelton Wheels are expected to play an increasingly important role in small-scale hydropower schemes and hybrid renewable energy systems, supporting the transition towards low-carbon electricity generation. Global installed hydropower capacity reached 1,308 GW in 2020 and is expected to increase by approximately 60% by 2050 (Quaranta, 2022). 



[bookmark: _Toc236815407]Task 2: Experimental Investigation  
[bookmark: _Toc236815408]2.1 Experimental Methodology  
The objective of this experiment was to determine the operating characteristics of a Pelton Wheel by investigating the relationship between turbine rotational speed and shaft power under a constant pressure head. Tests were conducted at pressure heads of 0.38 bar, 0.40 bar and 0.42 bar. For each test, water was supplied to the turbine through a nozzle which produced high-velocity jets that impacted the Pelton Wheel buckets causing the runner to rotate. 
The Pelton Wheel was initially operated under no-load conditions and the valve to the drain tank was closed to measure the flow rate. The load was then gradually increased using the brake dynamometer. For each loading condition the turbine rotational speed (rev/min) was recorded alongside the readings from force meters 1 and 2. The collected measurements were used to calculate the braking force, shaft torque, shaft power, hydraulic power and turbine efficiency. The experimental data for each pressure head condition are provided in appendices A-C. 
[bookmark: _Toc236815409]2.1.1 Procedure 
	Step 1 
	Set the required pressure head value.


	Step 2
	Switch on the water inlet pipe. 


	Step 3 
	Close the water outlet valve in the draining tank.


	Step 4
	Measure the flow rate over a period of one minute.


	Step 5
	Open the water outlet valve in the drain tank.


	Step 6
	Adjust the braking device to apply incremental torque loads.


	Step 7
	Measure the rotational speed of the pulley using a laser tachometer for each applied torque.


	Step 8
	Repeat the experiment for different nozzle pressure head conditions. 






[bookmark: _Toc236815410]2.1.2 Pelton Wheel test rig 
The experimental investigation was conducted using the Pelton Wheel test rig located in the Engineering Science Lab at UWTSD shown in figure 2. The rig consists of a water supply system, adjustable nozzle, Pelton runner, braking mechanism, pressure gauge and laser measurement equipment. The nozzle controls the water jet velocity and flow rate, while the braking system applies a load to the turbine shaft to allow performance characteristics to be measured. Rotational speed was recorded using a laser tachometer and force measurements from the brake dynamometer. The main components of a Pelton Wheel system are labelled in figure 3. 
[image: ]
[bookmark: _Toc235365876][bookmark: _Toc236759726]Figure 2 – The Pelton Wheel in the Engineering Science lab at UWTSD
[image: ]
[bookmark: _Toc235365877][bookmark: _Toc236759727]Figure 3 – Schematic representation of a Pelton Wheel (Garg, 2024)
[bookmark: _Toc236815411]2.2 Data Presentation and Analysis of Results
[bookmark: _Toc236815412]2.2.1 Experimentation Results 
The experimental data collected consisted of the readings from force meter 1 and 2, alongside the measured rotational speed. These values were used to calculate the braking force, shaft torque, shaft power output, hydraulic power input and overall turbine efficiency. The calculated parameters were then used to evaluate the operating characteristics and performance of the Pelton Wheel under different pressure head conditions. 
The calculated turbine characteristics for each pressure head condition were obtained from experimental measurements. The complete calculation tables are provided in Appendices A-C, while the key results are presented graphically to analyse the relationship between rotational speed and power output. Equations used to calculate the figures are stated below; 
	Braking Force (F)

	

	Shaft Torque (T)

	

	Shaft Power (P)

	

	Turbine Efficiency (

	
 – Power on shaft
 - Hydraulic power 


[bookmark: _Toc236815413]2.2.2 Speed vs Power Graph 
As shown in figure 4, the relationship between Pelton Wheel rotational speed and shaft power was investigated at pressure heads of 0.38 bar, 0.40 bar and 0.42 bar. All three curves follow the expected shape of a Pelton wheel, with shaft power increasing as rotational speed decreases from the no-load condition until a peak power output is reached at approximately 1,800-2,200 rev/min. At high rotational speeds, the turbine experiences relatively low torque because only a small braking load is applied. 
A comparison of the three curves shows that the 0.38 bar pressure head produced the highest peak shaft power of approximately 40 W, while the 0.40 bar and 0.42 bar pressure heads achieved a peak power of approximately 37 W. Theoretically, the 0.42 bar pressure head should have produced the highest power output because an increased pressure head should result in a higher jet velocity and greater kinetic energy available to the wheel. As this trend was not observed the results suggest the presence of experimental errors. 
Another observation from figure 4 is that all three curves are closely grouped together over the majority of speed ranges, indicating that the turbine performance is relatively consistent across each pressure head. This may be because the pressure head varied by only 0.02 bar between each test condition, resulting in small differences in turbine performance. Larger variations may have been observed if a wider range of pressure heads had been tested. Overall, the experiment was successful in determining the operating characteristics of the Pelton Wheel. 

[bookmark: _Toc235365878][bookmark: _Toc236759728]Figure 4 – Speed vs Power Graph
[bookmark: _Toc236815414]2.3 Critical Appraisal of Results 
The results recorded from the test rig generally agree with the expected operating characteristics of a Pelton Wheel. Increasing the load on the wheel caused a gradual reduction in rotational speed while increasing torque. As the shaft power increased it reached an optimum operating point, beyond this point the reduction in rotational speed outweighed the increase in torque, causing power output to decline. This trend is consistent with the expected performance characteristics of an impulse turbine.  
A comparison of the three pressure heads indicates that higher pressure heads generally produced higher rotational speeds due to the increased jet velocity acting on the split buckets. The 0.42 bar pressure head produced the highest overall speed at 3,604 rev/min, supporting the theoretical relationship between pressure head and the kinetic energy of the water jet. However, the results do not show a consistent increase in maximum shaft power with increasing pressure head. As shown in figure 4, the maximum shaft power recorded was 40.57 W at 0.38 bar, 37.80 W at 0.40 bar and 37.15 W at 0.42 bar. As the highest shaft power was recorded at the lowest pressure head this result does not fully agree with theoretical expectations and suggests the presence of experimental error. 
This anomaly could have been caused by inaccuracies in reading the force meters, although this was mitigated by ensuring the same peer recorded the measurements. Mechanical losses within the turbine shaft and braking system may also influence the measured power output. In addition, minor fluctuations in the pressure head may have affected the accuracy but overall, the results were as expected. 


[bookmark: _Toc236815415]Task 3: Fluid Flow Analysis 
The Pelton Wheel is an impulse turbine that uses high-velocity water jets to rotate its buckets and generate energy. Although the pressure head at the nozzle is responsible for producing the high velocity, the majority of energy transfer occurs through the change in momentum of the water as it strikes the turbine buckets. Momentum is the combination of mass and velocity (BBC Bitesize, 2026). Newton’s Second Law of Motion states that the acceleration of an object is proportional to the resultant force acting on the object (BBC Bitesize, 2026). Therefore, when the water jet strikes and is deflected by the split buckets its momentum changes, generating the force required to rotate the runner. The kinetic energy of the water is converted into mechanical energy at the shaft which is connected to a generator where it is converted into electrical energy (Linquip Team, 2022). 
[bookmark: _Toc236815416]3.1 Flow Separation 
Complex flow patterns are created depending on the water jet impact on the buckets, changes in velocity, direction and pressure of the jets affect the flow patterns. The design of the runner and buckets should aim to minimise turbulence to therefore reduce energy losses (Modern Physics , 2026). As the high-velocity water jet strikes the central split of the buckets it is divided into two streams and deflected by approximately 170o (Dickson, 2026). The change in flow direction allows maximum transfer of momentum from the water to the runner causing rotational motion. As shown in figure 5, the split bucket design ensures that the exiting water is directed away from the next bucket, preventing it from striking the next bucket and creating a braking effect. Correct alignment of the nozzle with the central split of the bucket is essential to achieve efficient flow separation, minimise turbulence and maximise energy transfer.   
[image: ]
[bookmark: _Toc236759729]Figure 5 – Schematic operation of a Pelton Wheel bucket (Linquip Team, 2022)
[bookmark: _Toc236815417]3.2 Boundary Layer Development 
Boundary layer theory is used to analyse the power reduction due to friction between the water and the bucket surface (Open University of Sri Lanka, 2009). A boundary layer is formed along the bucket surface because the water is in contact with a relatively fixed body. The thickness and development of the boundary layer depend on the surface roughness (Open University of Sri Lanka, 2009). Figure 6 shows the boundary layer development and the resulting velocity defect that forms when water flows over a solid surface which produce frictional losses. Further highlighting why material selection and surface finish are important when manufacturing the split buckets. As the buckets become rough due to erosion, corrosion or cavitation the boundary layer can become thicker which increases friction losses and reduces efficiency. Therefore, maintaining smooth bucket surfaces through correct material selection and regular maintenance is essential for maximum efficiency. 
[image: Boundary Layer Theory]
[bookmark: _Toc236759730]Figure 6 – Boundary layer formation on Pelton bucket surface (Engineers Guidebook, 2024)




[bookmark: _Toc236815418]Task 4: Engineering Standards and Code of Practice 
Compliance with recognised British standards helps ensure that Pelton Wheel systems operate safely and maintain reliable performance throughout their operational lifespan. 
[bookmark: _Toc236815419]4.1 Industry Standards 
BS EN 60041:1995 covers the “field acceptance tests to determine the hydraulic performance of hydraulic turbines, storage pumps and pump-turbines” (BSI Knowledge , 1995).  This standard clearly states the procedures and requirements to be followed to verify that hydraulic turbines achieve their specified performance under operating conditions. It also defines standardised testing methods, measurement procedures and data analysis techniques to ensure consistent and reliable performance (BSI Knowledge , 1995). 
When refurbishing existing Pelton Wheels, the BS EN IEC 63461:2024 standard should be adhered to. This British standard provides guidance for the acceptance testing of rehabilitated hydraulic turbines, storage pumps and pump-turbines to ensure the work has maintained or improved the hydraulic performance and reliability. It outlines the model acceptance tests and provides specific safety guidelines, detailed test procedures and supporting diagrams (European Standards , 2024). 
[bookmark: _Toc236815420]4.2 Codes of Practice 
There are several codes of practice that help ensure a Pelton Wheel turbine remains reliable and efficient. These include monitoring trends in turbine performance to identify degradation caused by cavitation, erosion and corrosion. The data collected can then be used to adjust maintenance procedures and inspection intervals, helping to mitigate identified deficiencies and improve long-term performance (MESA Associates, 2011). 
A widely recognised code of practice within engineering is the implementation of preventative maintenance procedures. These may include routine visual checks of the Pelton buckets with maintenance technicians reporting their findings to engineers for assessment. Any changes in the condition of the buckets or runner should be recorded and planned maintenance should be scheduled to rectify any defects. Similar inspections should also be carried out on the nozzle and water-jet alignment to ensure efficient operation. Regular bearing lubrication should also form part of the preventative maintenance procedures to minimise friction, reduce vibration and extend bearing life. 
Regular maintenance and inspection are essential quality management practices. A study by the International Hydropower Association in 2023 found that 68% of unplanned outages were associated with deferred routine maintenance tasks (Thompson, 2026). Components should be monitored for signs of wear, cracking, corrosion and nozzle blockages. The use of condition monitoring systems and predictive maintenance techniques can help identify issues before failure occurs, improving reliability and reducing downtime. Implementing structured maintenance schedules ensures that the Pelton Wheel remains efficient. Overall, effective quality control contributes significantly to the efficiency, safety, and operational lifespan of Pelton Wheel systems.



[bookmark: _Toc236815421]Conclusion 
In conclusion, the Pelton Wheel remains one of the most efficient hydraulic turbines for high-head and low-flow applications. The secondary research conducted in Task 1 demonstrated how advancements in material selection, manufacturing processes and CFD have significantly improved the overall efficiency. the experimental investigation generally agreed with the expected characteristics, with the shaft power increasing to an optimum value before rotational speed decreased. Although errors were observed which was likely caused my measurement inaccuracies and mechanical losses. The analysis of boundary layers and flow separation shows the importance of bucket design, surface finish and nozzle alignment. Finally, compliance with industry standards and implementing maintenance practices is essential to ensure a safe, reliable and efficient Pelton Wheel system.
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[bookmark: _Toc236815424]Appendix A – Experimental Results at 0.38 bar Pressure Head 
	Experiment number 1 (0.38)

	Force Meter 1
	Force Meter 2 
	Speed 
	Braking Force 
	Torque on Shaft 
	Power on Shaft 
	Hydraulic Power  
	Efficiency 

	1
	0.5
	3467
	0.5
	0.0125
	4.538292387
	24.51
	0.185161

	2
	0.75
	3312
	1.25
	0.03125
	10.83849465
	24.51
	0.442207

	3
	1
	3199
	2
	0.05
	16.74992483
	24.51
	0.683391

	4
	1.5
	2987
	2.5
	0.0625
	19.54986928
	24.51
	0.797628

	5
	1.75
	3081
	3.25
	0.08125
	26.2146272
	24.51
	1.069548

	6
	2
	2740
	4
	0.1
	28.6932129
	24.51
	1.170674

	7
	2.5
	2640
	4.5
	0.1125
	31.10176727
	24.51
	1.268942

	8
	2.75
	2493
	5.25
	0.13125
	34.26495837
	24.51
	1.397999

	9
	3
	2303
	6
	0.15
	36.17543941
	24.51
	1.475946

	10
	3.25
	2201
	6.75
	0.16875
	38.89488055
	24.51
	1.586898

	11
	3.5
	2066
	7.5
	0.1875
	40.56581514
	24.51
	1.655072

	12
	4
	1858
	8
	0.2
	38.913861
	24.51
	1.587673

	13
	4.25
	1730
	8.75
	0.21875
	39.62988233
	24.51
	1.616886

	14
	4.5
	1485
	9.5
	0.2375
	36.93334863
	24.51
	1.506869

	15
	4.75
	1280
	10.25
	0.25625
	34.34807968
	24.51
	1.40139

	16
	5
	1140
	11
	0.275
	32.82964323
	24.51
	1.339439

	17
	5.75
	806
	11.25
	0.28125
	23.73865949
	24.51
	0.96853

	18
	6
	626
	12
	0.3
	19.66637001
	24.51
	0.802381

	19
	6.5
	448
	12.5
	0.3125
	14.66076572
	24.51
	0.598154

	20
	7
	283
	13
	0.325
	9.631599477
	24.51
	0.392966



[bookmark: _Toc236815425]Appendix B – Experimental Results at 0.40 bar Pressure Head 
	Experiment number 2 (0.40 Bar)

	Force Meter 1
	Force Meter 2 
	Speed 
	Braking Force 
	Torque on Shaft 
	Power on Shaft 
	Hydraulic Power  
	Efficiency 

	1
	0.5
	3575
	0.5
	0.0125
	4.679664057
	23.86666667
	0.196075

	2
	1
	3432
	1
	0.025
	8.984954989
	23.86666667
	0.376465

	3
	1.25
	3329
	1.75
	0.04375
	15.25177783
	23.86666667
	0.639041

	4
	1.5
	3120
	2.5
	0.0625
	20.42035225
	23.86666667
	0.855601

	5
	2
	2952
	3
	0.075
	23.18495378
	23.86666667
	0.971437

	6
	2.5
	2892
	3.5
	0.0875
	26.49933403
	23.86666667
	1.110307

	7
	2.75
	2737
	4.25
	0.10625
	30.45315929
	23.86666667
	1.27597

	8
	3
	2527
	5
	0.125
	33.07835265
	23.86666667
	1.385964

	9
	3.25
	2338
	5.75
	0.14375
	35.1950007
	23.86666667
	1.474651

	10
	3.5
	2187
	6.5
	0.1625
	37.21609197
	23.86666667
	1.559333

	11
	4
	2017
	7
	0.175
	36.96345556
	23.86666667
	1.548748

	12
	4.25
	1863
	7.75
	0.19375
	37.79925011
	23.86666667
	1.583767

	13
	4.5
	1657
	8.5
	0.2125
	36.87313477
	23.86666667
	1.544964

	14
	4.75
	1372
	9.25
	0.23125
	33.22496031
	23.86666667
	1.392107

	15
	5
	1225
	10
	0.25
	32.07042501
	23.86666667
	1.343733

	16
	5.25
	873
	10.75
	0.26875
	24.56921805
	23.86666667
	1.029437

	17
	5.5
	734
	11.5
	0.2875
	22.09848632
	23.86666667
	0.925914

	18
	5.75
	452
	12.25
	0.30625
	14.4958321
	23.86666667
	0.607367

	19
	6.25
	368
	12.75
	0.31875
	12.28362728
	23.86666667
	0.514677

	20
	7
	149
	13
	0.325
	5.071054142
	23.86666667
	0.212474
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	Experiment number (0.42)

	Force Meter 1
	Force Meter 2 
	Speed 
	Braking Force 
	Torque on Shaft 
	Power on Shaft 
	Hydraulic Power  
	Efficiency 

	1
	0.5
	3604
	0.5
	0.0125
	4.717624968
	23.03
	0.204847

	2
	0.75
	3453
	1.25
	0.03125
	11.29991608
	23.03
	0.490661

	3
	1
	3367
	2
	0.05
	17.62957077
	23.03
	0.765505

	4
	1.5
	3117
	2.5
	0.0625
	20.40071729
	23.03
	0.885832

	5
	1.75
	3003
	3.25
	0.08125
	25.55096575
	23.03
	1.109464

	6
	2
	2887
	4
	0.1
	30.2325933
	23.03
	1.312748

	7
	2.5
	2719
	4.5
	0.1125
	32.03246409
	23.03
	1.390902

	8
	3
	2516
	5
	0.125
	32.93436299
	23.03
	1.430064

	9
	3.25
	2343
	5.75
	0.14375
	35.27026802
	23.03
	1.531492

	10
	3.5
	2176
	6.5
	0.1625
	37.02890541
	23.03
	1.607855

	11
	4
	2019
	7
	0.175
	37.00010748
	23.03
	1.606605

	12
	4.25
	1831
	7.75
	0.19375
	37.14998763
	23.03
	1.613113

	13
	4.5
	1629
	8.5
	0.2125
	36.25005223
	23.03
	1.574036

	14
	4.6
	1427
	9.4
	0.235
	35.11724628
	23.03
	1.524848

	15
	4.75
	1176
	10.25
	0.25625
	31.55729821
	23.03
	1.370269

	16
	5.25
	904
	10.75
	0.26875
	25.44166451
	23.03
	1.104718

	17
	5.5
	675
	11.5
	0.2875
	20.32217748
	23.03
	0.882422

	18
	6
	460
	12
	0.3
	14.45132621
	23.03
	0.6275

	19
	6.25
	265
	12.75
	0.31875
	8.845546815
	23.03
	0.384088

	20
	7
	0
	13
	0.325
	0
	23.03
	0



Speed vs Power (Constant Head)

0.38 Bar	3467	3312	3199	2987	3081	2740	2640	2493	2303	2201	2066	1858	1730	1485	1280	1140	806	626	448	283	4.5382923870000003	10.838494649999999	16.749924830000001	19.549869279999999	26.214627199999999	28.693212899999999	31.10176727	34.264958370000002	36.175439410000003	38.894880550000003	40.565815139999998	38.913860999999997	39.629882330000001	36.933348629999998	34.348079679999998	32.829643230000002	23.73865949	19.666370010000001	14.660765720000001	9.631599477	0.40 Bar	3575	3432	3329	3120	2952	2892	2737	2527	2338	2187	2017	1863	1657	1372	1225	873	734	452	368	149	4.6796640570000001	8.9849549890000002	15.25177783	20.420352250000001	23.184953780000001	26.49933403	30.453159289999999	33.078352649999999	35.195000700000001	37.216091970000001	36.96345556	37.799250110000003	36.87313477	33.22496031	32.070425010000001	24.56921805	22.098486319999999	14.495832099999999	12.283627279999999	5.0710541420000004	0.42 Bar	3604	3453	3367	3117	3003	2887	2719	2516	2343	2176	2019	1831	1629	1427	1176	904	675	460	265	0	4.717624968	11.299916079999999	17.629570770000001	20.400717289999999	25.55096575	30.232593300000001	32.032464089999998	32.934362989999997	35.270268020000003	37.02890541	37.000107479999997	37.149987629999998	36.250052230000001	35.117246280000003	31.557298209999999	25.441664509999999	20.322177480000001	14.45132621	8.8455468150000005	0	Speed (rev/min)


Power (Watts)




2

image1.png




image2.jpeg




image3.png
Head race level

Nozzle——] Tail race level





image4.png
Fixed Jet





image5.jpeg
BOUNDARY LAYER
v — v

Ideal Fluid
Flow

=
&

Ve

Velocity
Defect

Solid
Boundary

Velocity Defect Equivalent Flow Rate

www.engineersguidebook.com




