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Effect of Flow Parameters on Pelton Turbine Performance
by Using Different Nozzles

Talib Z. Farge, Abdul Jabbar Owaid. H., Mohammed Abdul Khaliq Qasim

Abstract—The aim of this paper is to investigate
experimentally the effect of different nozzles, water head and
discharge on the performance of Pelton turbine system. The
effect of five different nozzles with outlet diameters of (3.61,
5.19, 8.87, 12, and 14.8) mm has been studied. The tip and hub
diameter of the Pelton wheel of (269.89, 221.29) mm has been
used with different nozzles. A water pump was used to
generated the pressure head and volume flow rate. The results
show for every certain nozzle that when decreasing the water
head lead to reduction in water discharge and this caused
reduction in the torque, brake power, efficiency and the
rotational speed. In addition, the results show that when
increasing in nozzle diameter lead to increasing the discharge
and reduction water head. While in the case of constant head of
15 m, the results show that the nozzle with diameter 8.87mm
give the best the performance than the others, where the
percentage increase in torque, brake power, efficiency and the
rotational speed of the turbine are (62.2%, 66.48%, 60%, and
15.35%) respectively with the second nozzle with diameter of
5.19 mm.

Index Terms—Pelton turbine, water pump, electrical power,
torque, brake power, nozzle.

I. INTRODUCTION

The Electricity power considered as very important in Iraq
country. In lIraq during summer, the outer temperature,
sometimes, exceeds 50°C [1], and this will increase the
electrical demand by costumer. The country has several
problems, electricity, which obstructs its development,
despite the availability of natural resources in the country.
The hydropower energy is one of the most important sources
of the renewable energy of the world to supply the electricity.
The percentage of hydropower energy was of 86.31% of the
renewable energies were tapped as of 2008 [2].

The Pelton turbine is one of the most important part of the
hydropower plants, which a type is of impales water turbine.
In the 1870, the Pelton turbine was invented by luster Allan
Pelton [3]. The Pelton turbine is kind of impales turbine that
convert the gravitation potential energy into the kinetic
energy, which the velocity of water jet increases and hitting
the blades of the turbine converting to a mechanical energy
(shaft rotation), which inanimately convert to electrical
energy. There a lot of papers have been published in the last
decades about numerical and experimental analysis and
design of Pelton turbine [4-16] to improve the performance
and development of Pelton turbine. In addition, there are of
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papers have been published to study experimentally and
numerically the performance of the nozzle used in the
hydro-turbine [17]-[28].

In the present work the experimentally investigation the
effect of water head and volume flow rate on the performance
of a Pelton turbine by using different size of nozzles to
perform the performance of Pelton turbine system.

Il. EXPERIMENTAL WORK

A test rig of a Pelton turbine system was designed and
implemented as shown in Fig. (1). Where the experimental
works were carried on it with five different nozzles have
outer diameters of (3.61, 5.19, 8.78, 12, 14.8) mm, the
dimensions of the different nozzles as shown in Table I. The
system consists from Pelton turbine with 24 cup buckets
(material Glass filled Nylon) and the tip diameter of (269.89)
mm and hub diameter of (221.29) mm as shown in Fig. (2),
digital flow meter, water pump with head of (46) m, tow
tension scale gauge connected by smooth belt to be used as a
variable brake load and a tachometer to measure the
rotational speed. A water pump was used to provide the
pressure head and volume flow rate.

Fig. 1(a). Pelton turbine system.
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Fig. 2. Pelton turbine wheel.

TABLE I: THE DIMENSION OF THE FIVE NOZZLES

Nozzle Length Inlet diameter outlet diameter
no. (mm) (mm) (mm)
1 3.61 105 48.5
2 5.19 10.19 30
3 8.87 18.13 70.5
4 12 18.13 47.8
5 14.8 18.13 225

I1l. PERFORMANCE CALCULATION

The main parameters that effect on the Pelton turbine
performance are (discharge of water, water head, and the
torque applied on the turbine shaft).

To calculate the performance of the Pelton turbine by using
the experimental readings starting with calculating the
discharge (volume flow rate) of water the fallowing
equations used. [28].

V
Q=7

@)

To find the power proved to the Pelton turbine (water
power) the following equation was used:

@

To find the torque applied on the shaft of the Pelton
turbine from the water jet the following equation was used:

Ph=pgHQ

T=(F.-F)R ®)

To find the brake power produced by the turbine (power

available at Pelton turbine shaft) by using the following

equation:

Pb =Txw 4)

To find the efficiency produced by the turbine using the
following equation:

1] = Pb/Ph <100 % (5)

To find the rate of circumference blades velocity of

rotational bucket of Pelton turbine (U) at reference diameter

to the jet velocity at the nozzle outlet C; the following were
used: [28]

129

Vol. 7, No. 3, June 2017

7""Dref
= (6)
Cj A_}
D¢ip+Dpy
Dyos = WT“ 7)
A= n(d’) )

IV. RESULT AND DISCUSSION

The experimental data were collected during the
experiment for different type of nozzles as shown in the table
(1). A water pump was used to generate the volumetric flow
rate and water head, where as they are function of nozzle
diameter. When the nozzle diameter increase, the volumetric
flow rate will increase and the water head will decrease as
shown in following figures. In addition, the volumetric flow
rate and head can be controlled by using valve, when the
valve fully opened; the maximum volumetric flow rate and
maximum head were obtained. Figs. (3, 6, 9, 12, 15, 18, 21,
and 24) show the relationship between the torque applied on
the shaft of the Pelton turbine and the rotational speed of the
turbine. The figures show the maximum rotational speed of
Pelton turbine at zero torque applied on the shaft and the
rotational speed decrease when the torque increase until
reached the maximum torque the rotational speed becomes
zero. In addition, the figures show that the maximum limits of
rotational speed of the turbine and the maximum limits of
torque increase when the water head and volumetric flow rate
increased for every nozzle. This is because the potential
energy converted to the kinetic energy, which increase the
velocity of the water jet strike the bucket of the turbine
causing the rotary motion of the turbine and produce the
power output.

Figs. (4, 7, 10, 13, and 16) show the relation between the
brake power produced by the Pelton turbine and the rotational
speed of the turbine for different nozzles. The figures show
that for every nozzle the values of brake power were
increased at increased the water head and water discharge
(volume flow rate) increase till reach the maximum values of
water head and water dis charge for full open valve. In
addition, the range of rotational speed increased as water
head and water discharge increased. The figures show that
the brake power equal to zero at zero and maximum
rotational speed of Pelton turbine and increase towards the
middle range of the rotational speed, which it's value reach
the maximum value. This because the brake power is a
function of torque and rotational speed, and for maximum
torque the rotational speed equal to zero and for maximum
rotational speed the torque equal to zero and the brake power
increase toward the mean values of rotational speed and
torque. Also the figures show that the peak value of brake
power increases gradually with increasing the water head and
water discharge due to increasing in the applied torque,
where the brake power was a function of torque and
rotational speed of the turbine.

Figs. (5, 8, 11, 14, and 17) show the relation between the
overall efficiency and the rotational speed of the Pelton
turbine system. The figures show that the variation of the
efficiency at the same miner of those of the brake power
except for the peak values of the efficiency, where they the at
the same value approximately especially for the nozzles two
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and three. This is because the efficiency function of brake
power and water power provide to the Pelton turbine, and the
last one is constant at given water head and water discharge
for each curve.
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Fig. 3. The relationship between the applied torque and the rotational speed
of Pelton turbine by using nozzle (1).
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Fig. 4. The relationship between the brake power and the rotational speed
of Pelton turbine by using nozzle (1).
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Figs. (18, 19, and 20) show the comparison result for
different five nozzles at the maximum values of torque, brake
power and the overall efficiency at full opening valve. The
figures show that the nozzle 3 with outer nozzle diameter of
8.87 mm give a better performance than the others due to
higher range of rotational speed of Pelton turbine, highest
value of torque, highest value of brake power and the higher
efficiency, which is a suitable to generated electricity.

Figs. (21, 22, and 23) show the comparison result of torque,
brake power and efficiency respectively with the rotational
speed of Pelton turbine for constant water head at 15 m for
the different water discharge. The figures show the torque,
brake power, and efficiency produced by the Pelton turbine
with the nozzle number three give the highest value than the
with other two nozzles. This is because the third nozzle has a
higher water discharge firstly as shown in Fig. (24) and
secondly due to the ratio of circumference blade velocity of
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rotational bucket of a Pelton turbine to the jet velocity of the
value at 0.5 as in table 2 at maximum value of brake power
and efficiency. The value of U/Cj =0.5 give the optimum
design of the ratio of nozzle diameter to the Pelton wheel
diameter [28].
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Fig. 6. The relationship between the applied torque and the rotational speed
of Pelton turbine by using nozzle (2).
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of Pelton turbine by using nozzle (2).
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Fig. 8. The relationship between the efficiency and the rotational speed
of Pelton turbine by using nozzle (2).
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Fig. 9. The relationship between the applied torque and the rotational speed
of Pelton turbine by using nozzle (3).
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of Pelton turbine by using nozzle (5).
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TABLE Il: SPEED RATIO OF THE FIRST 3 NOZZLES WITH HEAD 15 M

Nozzle | N 100 200 300 400 500 600 700 745 800 900 943 1000 1120
no.
1 U [ 00202 | 0.05849 | 0.0877 | 011699 | 0.14622 | 0.01754 02179 | 0.1901 -
G
2 U [ 00320 | 006595 | 0.0989 | 0.1319 | 0.16487 | 0.19785 | 0.2308 - 0.26379 - 0.3125
Y
3 U [ 00808 | 01616 | 02424 | 032323 | 0.4040 0484 | 0.5656 - 0.6464 | 0.7272 0.8080 | 0.90505
C.
]

V. CONCLUSION

The following remarks can be concluded from the
experimental investigation

1- Increasing the nozzle diameter lead to increasing in the
water discharge and decreasing the water head, where
subjected to pump operating which boost the water flow
through the nozzle to Pelton turbine.

2-The water discharge decreasing as the water head
decreased for every certain nozzle size, which lead to
decreasing the Pelton turbine performance (torque, brake
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power, efficiency and the range of rotational speed)

3- The best performance of Pelton turbine system was
obtained by the nozzle number three with outlet diameter of
8.87mm, where the percentage increased in torque, brake
power, efficiency and the rotational speed of 60.2%, 66.48%,
60% and 15.35% respectively comparing with the second
nozzle with outer diameter of 5.19mm at the maximum
values.

4- The optimum design for the Pelton turbine when
choosing the nozzle outer diameter, which gives the ratio of
circumferential blade velocity over rotating wheel to the jet
velocity of water approaches from the value of 0.5.
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NOMENCLATURE
L Manning of - Manning of
Abbreviation Abbreviation Abbreviation Abbreviation
A Area of the nozzle Hydraulic
! (m2) Ph power(W)
Cj Jet speed (m/s) Pb Brake Power (W)
Reference turbine -
D,s diameter (mm) Q Discharge (1/S)
Tip diameter of .
- Brake wheel radius
Dy;p the Pelton turbine R 0.021m
(m)
Hub diameter of
Dy the Pelton turbine t Time (Sec)
m
d, z\ln(]))zzle diameter T Torque (Nem)
Load reading on
F1 ) U Bucket speed (m/s)
F2 b\(j)?d reading on \% VVolume of water
Acceleration ® Angular speed
9 m¥Sec (rad/S)
Head of water -
H m H20 n Efficiency
N Revolution per Density of water
minutes (rpm) P (kg/m3F
REFERENCES

(1]
[2]

(3]

(4]

(5]

(6]

[7]

(8l

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Iragi meteorological organization and seismology. (2015). [Online].
Available: www.meteoseism.gov.iq

A. Lejeune and S. L. Hui, "Hydropower: A multi benefit solution for
renewable energy," Comprehensive Renewable Energy, vol. 6, pp
15-47, 2002.

Pelton_Wheel. [Online]. Auvailable:
http://en.wikipedia.org/wiki/Pelton_wheel

K. C. Binaya and Bhola Thapa, "Pressure distribution at inner surface
of selected Pelton bucket for micro hydro," Kathmandu University
Journal of Science, Engineering and Technology, Sept, vol. 5, no. 2, pp.
42-50, 2009.

Z. Zhang, "Inlet flow conditions and the jet impact work in a Pelton
turbine," Journal Power and Energy, 2009, vol. 223, pp.589-569.

M. K. Padhy and R. P. Saini, "Effect of size and concentration of silt
particles on erosion of Pelton turbine buckets,” Journal of Energy,
2009, vol. 34, pp. 1477-148.

J. Aaaaad, P. Meznar, and A. Lipej, “"Numerical prediction of Pelton
turbine efficiency,” in Proc. I0P Conference Series Earth and
Environmental Science , 2010.

L. E. Klemetsen, "An experimental and numerical study of the free
surface pelton bucket flow," Master Thesis, Norwegian University of
Science and Technology, Norway, 2010.

F. G. Stamatelos, J. S. Anagnostopoulos, and D. E. Papantonis,
"Performance measurements on a Pelton turbine model," Journal of
Power and Energy, 2011, vol. 225, no. 351, pp. 351-362.

B. W. Solimslie and O. G. Dahlhaug, "A reference Pelton turbine
design," in Proc. 6th, IAHR Symposium on Hydraulic Machinery and
Systems, 10P Publishing, IOP Conf. Series, Earth and Environmental
Science, vol. 15, 2012.

A. Rossetti, G. Pavesi, G. Cavazzini, A. Santolin, and G. Ardizzon,
"Influence of the bucket geometry on the Pelton performance," Journal
Power and Energy, 2014, vol. 228, no. 1, pp. 33-45.

Y. X. Xiao, Z. W. Wang, J. Zhang, C. J. Zeng, and Z. G. Yan,
"Numerical and experimental analysis of the hydraulic performance of
a prototype Pelton turbine," Journal of Power and Energy, 2014, vol.
228, no. 1, pp. 46-55.

J. L. Chukwuneke, C. H. Achebe, P. C. Okolie, H. A. Okwudibe,
"Experimental investigation on effect of head and bucket splitter angle
on the power output of a Pelton turbine," International Journal of
Energy Engineering, 2014, vol. 4, no. 4, pp. 81-87.

B. Vinod and B. B. Veeranjaneyulu, "Design and analysis of Pelton
wheel," International Journal & Magazine of Engineering, Technology,
Management and research, 2014, vol. 1, no. 12, pp. 549-558.

J. L. Chukwuneke, C. H. Achebe, M. C. Nwosu, J. E. Sinebe,
"Analysis and simulation on effect of head and bucket splitter angle on

the power output of a Pelton turbine,” International Journal of
Engineering and Applied Sciences, 2014, vol. 5, no. 3, pp.1-8.

[16] D. Bisen, S. K. Shukla, and P. K. Sharma, "Review paper on nozzle in
hydro-turbine,” International Journal of Advanced Technology in
Engineering and Science, 2014, vol. 2, no. 8, pp. 481-487.

[17] K. Shimokawa, A. Furukawa, K. Okuma, D. Matsushita, and S.
Watanabe, “Experimental study on simplification of darrieus-type
hydro turbine with inlet nozzle for extra-low head hydropower
utilization,” Renewable Energy, vol. 41, May 2012, pp. 376-382

[18] J. S. Anagnostopoulos and D. E. Papantonis, “A fast Lagrangian
simulation method for flow analysis and runner design in Pelton
turbines,” Journal of Hydrodynamics, vol. 24, no. 6, 2012, pp.
930-941.

[19] J. F. Wang, J. Piechna, and N. MULIer, “A novel design of composite
water turbine using CFD,”Journal of Hydrodynamics, vol. 24, no. 1,
February 2012, pp. 11-16.

[20] A. A. Khan, A. M. Khan, M. Zahi, and R. Rizwan, “Flow acceleration
by converging nozzles for power generation in existing canal system,”
Renewable Energy, vol. 60, 2013, pp. 548-552.

[21] F. Montomoli, M. Massini, H. Yang, and J. C. Han, “The benefit of
high-conductivity materials in film cooled turbine nozzles,”
International Journal of Heat and Fluid Flow, vol. 34, April 2012, pp.
107-116

[22] B. Yu, P. F. Fu, T. Zhang, and H. C. Zhou, “The influence of back
pressure on the flow discharge coefficients of plain orifice nozzle,”
International Journal of Heat and Fluid Flow, vol. 44, December 2013,
pp. 509- 514.

[23] Zz. K. Lan, D. H. Zhu, W. X. Tian, G. H. Su, and S. Z. Qiu,
“Experimental study on spray characteristics of pressure-swirl nozzles
in pressurizer,” Annals of Nuclear Energy, vol. 63, January 2014, pp.
215-227.

[24] J. L. Xie, Z. W. Gan, F. Duan, T. N. Wong, S. C. M. Yu, R. Zhao,
“Characterization of spray atomization and heat transfer of pressure
swirl nozzles,” International Journal of Thermal Sciences, vol. 68,
2013, pp. 94-102.

[25] B. R. Cobb and K. V. Sharp, “Impulse (Turgo and Pelton) turbine
performance characteristics and their impact on pico-hydro
installations,” Renewable Energy, vol. 50, February 2013, pp. 959-964.

[26] D. D. Prasad, R. M. Ahmed, and Y. H. Lee, “Flow and performance
characteristics of a direct drive turbine for wave power generation,”
Ocean Engineering, vol. 81, 2014, pp. 39-49.

[27] K. Pougatch, M. Salcudean, and J. McMillan “Influence of mixture
non-uniformity on the performance of an effervescent nozzle,” Fuel,
vol. 116, 2014, pp. 601-607.

[28] A. Date and A. Akbarzadeh, “Design and analysis of a split reaction
water turbine,” Renewable Energy, vol. 35, no. 9, 2010, pp. 1947-1955.

Talib Z. Farge: Received th e B.Sc.in Mechanical
Eng.,al Rasheed Collage of Engineering and Science
from University of Technology, Baghdad 1982, Msc.
and Ph.D degrees from University of Liverpool, United
Kingdom, in 1982, and 1989 respectively, all in
Mecahnical Engineering. He is currently Lecturer
Electromechanical ~ Engineering  department in
University of Technology, Baghdad, Irag. His research
interests include fluid mechsnics , heat transfer,
hydraulic systems , renewable energy, thermodynamics.

Abdul Jabbar Owaid H.: Received the B.Sc, Msc.
and Ph.D degrees from University of Technology,
Baghdad, in 1996,2000, and 2009 respectively, all in
Electrical Engineering. He is currently Lecturer in
Electromechanical ~ Engineering  department in
University of Technology, Baghdad, Irag. His
research interests include electrical machines, special
machines, power electronics, resonant converters,
soft-switching techniques.

Mohammed Abdul Khalig Qasim was born in
Baghdad (1985). He earned his BSc in electrical
engineering from University of Technology (2006), the
MSc degrees in electromechanical system engineering
from University of Technology (2016), Baghdad, Iraq
He work in Ministry of Health And Environment since
2009 as an electrical engineer deals with hospitals
Projects. Industry Management and E-governments.
He is a senior researcher. Participated in IEEE Robotics
and Automation Society, IEEE Industrial Electronics Society, IEEE Young
Professionals, IEEE Biometrics Council, IEEE Nanotechnology Council,
IEEE Sensors Council and IEEE Systems Council.

133






