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Effect of Jet Angle on the Performance of a Turgo
Turbine
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Abstract -- Hydroelectric power generation is one of the
most popular among the renewable energy. The purpose
of this paper is to observe the performance test of Turgo
impulse turbine. The turbine power is 500 W and the
permanent magnet generator is used .The proposed
runner diameter, runner speed and number of blade are
262 mm, 461 rpm and 20. Performance tests are
conducted by changing the jet angles (10°, 20° and 30°) at
Renewable Energy laboratory in Mechanical Engineering
Department. According to the test results, the maximum
turbine power, generator output power and turbine
efficiency are 635W, 475W and 81% at jet angle 20°.

Indexed Terms: efficiency, impulse, jet angle, runner

L INTRODUCTION

Hydropower was considered as one of the most
desirable source of electrical energy due to its
environment friendly nature and extensive potential
available throughout the world. Among several
renewable resources, hydropower is an important and
sustainable renewable energy in the world today that
can be exploited to the maximum due to its attractive
economics and the availability of basic technology.

The hydroelectric power plant has to be installed with
adequate turbine type in order to achieve the
maximum output and higher efficiency. Impulse
turbines operate at high pressures created by high-
head dams. The high hydraulic pressure creates a
high velocity jet of water that transfers its impulse
momentum to the turbine’s cup shaped blades.

In an impulse turbine, the runner operates in air and
is turned by one or more jets of water which make
contact with the blade. The water remains at
atmospheric pressure before and after making contact
with the runner blades. In this case, pressure energy
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of momentum. The nozzle is aligned so that it
provides maximum force on the blades.

The Turgo turbine is similar to the Pelton but the jet
strikes the plane of the runner at an angle (typically
10° to 30°) so that the water enters the runner on one
side and exits on the other. The Turgo turbines are
used in medium head and high head of water between
the head of 15 m to 300 m. Turgo turbine transforms
kinetic energy of water jet to rotational energy with
the help of a nozzle.

The high speed of water jet directed on to the turbine
blades and the turbine is rotated at high speed after
striking the water to the turbine blades. Then the shaft
is rotated and the electricity is generated in generator.
The Turgo turbine runner is same as Pelton runner
but it is split in half. For the same power output the
Turgo turbine runner is one half the diameters of the
Pelton runner, and the specific speed is twice the
Pelton runner.

The Turgo turbine can handle a greater water flow
than the Pelton turbine because the exiting water does
not interfere with buckets. If the number of jet is
increased the specific speed of the turbine is also
increased. This is widely used in pico hydro power
plant because the cost of the turbine is low and it can
easily manufacture in minimum cost. Turgo turbines
are mostly used in rural areas electrification in pico
hydro power plants.

IL. METHODOLOGY

The specification data for the Turgo turbine are as
follows:

is converted into the kinetic energy of a high speed Required Power, P =500 W
jet of water in the form of a nozzle [12Ano]. Then, it Available head, H=10m
is converted to rotation energy in contact with the Overall efficiency, M= 70 %
runner blades by deflection of the water and change Coefficient of velocity, C~098
Speed ratio, K,=0.46
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Jet ratio, m=10
Number of jet, zo=1jet

A. Water Power:
The power supplied by a water jet depends upon the
head and the rate of water flow.

(1) power supplied by the jet = pgQH

B. Overall Efficiency:
An appraisal of the performance of a hydraulic
turbine is made by its overall efficiency.

2) _ shaftpower P

° " water power pgQH

C. Jet Diameter:
The diameter of jet is determined at the maximum
discharge by using continuity equation.

d, = 0545 [|—2 3)

D. Jet Ratio:
The ratio of pitch circle diameter of the wheel to the
jet diameter is known as jet ratio.

D 4)

E. Number of Buckets, Z
The number of buckets on the peripheral of Turgo
wheelies determined as follows.

Z=05m +15 ®)

F. Bucket Design:
Bucket design is shown in the following TABLE 1.

Table 1: Design of Bucket

Fig. 1: Bucket Design

III.  MANUFACTURING PROCESS

A. Manufacturing the Buckets with the 3D Printer:
All the parts created using a 3D printer need to be
designed using some kind of CAD software. This
type of production depends mostly on the quality of
the CAD design and also the precision of the printer.
There are many types of CAD software available.
The model to be manufactured is built up a layer at a
time. A layer of powder is automatically deposited in
the model tray. The print head then applies resin in
the shape of the model. The layer dries solid almost
immediately.

Fig. 2: Manufacturing of Buckets

B. Assembly of Bucket:

O3

Items Symbol | Dimension | Value | Unit
Length L 3.4 d, 80 mm
Width B 2.34 4, 60 mm
Depth H 0.585 d; 20 mm
No of buckets V4 20 20 -
Fig. 3: Assembly of Buckets
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After manufacturing the 20 buckets for the Turgo
turbine, the two discs are prepared and the holes are
drilled to mount the buckets as shown in Fig.3.

IV.  EXPERIMENT

A. Experiment Apparatus:

The main characteristic of the Turgo turbine is the
water jet of circular cross-section which passes
through the buckets, which are arranged at the
periphery of the runner. Turgo turbine consists of two
main parts which are buckets and nozzle. The buckets
are placed at equal spacing around circumference of
the runner. And the runner is generally mounted on
the shaft with bearings and the buckets are either
casted integrally with the disk or fastened separately.
This is its adaptability to a variety of water sites and
power needs. It is simplicity and low cost, makes
very suitable for small power development.

wilve Tty F‘J] o

Fig. 4: Constructed Turgo Turbine

B. Experimental Set-up:

The experimental facility is made of water pumping
system and a test stand with the Turgo impulse
turbine with a generator. A Turgo impulse turbine has
been installed in a hydraulic circuit. PVC pipe with
diameter of 50 mm was used for the experimental test
rig and the water was re-circulated within the tank. A
bypass pipe was connected from the main pipe to
regulate excess flow and pressure. A permanent
magnet generator is used for power generation
system. Experimental Set -up of Turgo Turbine as
shown in Fig. 5.
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Fig. 5: Experimental Set-up of Turgo Turbine

C. Performance Test:

The experiments are carried out on the Turgo turbine
to find out the performance at various flow rates with
different jet angle. Performance Tests are described
in Fig. 6.

Fig. 6: Performance Test of Turgo Turbine

D. Experimental Results:

When the turbine is operating, the voltage and current
can be measured. So, the electrical power can be
calculated from the P= VI. Fig.3 shows the
comparison of electrical power for various flow rates.
Since the turbine speed is maximum at jet angle 20
degree, the electrical power is maximum at jet angle
20 degree.

Fig.8 shows the efficiency on various flow rates for
jet angle 20 degree. The efficiency is maximum when
the flow rate is fully open condition. The value of
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maximum efficiency is 81% at the flow rate of 8

m’/s.
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Fig. 8: Efficiency Vs Flow Rate

V. CONCLUSIONS

Experiments have been carried out at the Renewable
Energy Laboratory of the Department of Mechanical
Engineering, Mandalay Technological University.

The permanent magnet generator is used for power
generation system. The maximum generator output
power is 475 W at the gate valve fully open
conditional jet angle 20 degree.At jet angle 20°, the
relative velocity of jet increases due to the pressure
decrease. There is no back flow in this condition. So
it can generate the required speed of the runner.

(1]

IRE 1701313

REFERENCES

Gaiser, K., P. Erickson, et al. "An

experimental  investigation  of  design
parameters for pico-hydro Turgo turbines
using a response surface methodology."

Renewable Energy 85(0): 406-418.2016.

(2]

(4]

(6]

(8]

[10]

[11]

ICONIC RESEARCH AND ENGINEERING JOURNALS

Zidonis, A. (2015). Optimisation and
efficiency improvement of pelton hydro
turbine using computational fluid dynamics
and experimental testing. PhD, Lancaster
University2015.

Vishal, G.: Effect of Jet Shape on Flow and
Torque Characteristics of Pelton Turbine
Runner, Journal of Engineering Research and
Applications, ISSN: 2248-9622, Vol. 4, Issue
1, pp. 318-323, January 2014.

Amod, P.: CFD Analysis of Pelton Runner,
MS (Research), Student Turbine Testing Lab
Department of Mechanical Engineering,
Kathmandu University, Nepal, 7 April 2014.

Bilal, A.N.: Design of High Efficiency Pelton
Turbine  for  Micro-Hydropower  Plant,
International Journal of Electrical Engineering
& Technology (IJEET),Volume 4, Issue 1, pp.
171-183, January- February 2013.

Cobb, B. R. and K. V. Sharp. "Impulse (Turgo
and Pelton) turbine performance characteristics
and their impact on pico-hydro installations."
Renewable Energy 50(0): 959-964, 2013.

Williamson, S. J.,, B. H. Stark, et al.
"Performance of a low-head pico-hydro turgo
turbine." Applied Energy 102: 1114-1126,
2013.

Kyrre, R.: Pelton Model Test Rig at the
Waterpower Laboratory, NTNU, MSc thesis.
Norwegain  University of Science and
Technology, 2012.

Lorentz, F.B.: CFD Analysis of a Pelton
Turbine, Master of Science in Product Design
and Manufacturing, Norwegian University of
Science and Technology, Department of
Energy and Process Engineering, June , 2012.

Suraj, Y.. Some Aspects of Performance
Improvement of Pelton Wheel Turbine with
Reengineered Blade and Auxiliary
Attachments, International  Journal of
Scientific & Engineering Research Volume 2,
9 September ,2011.

Anagnostopoulos, J. Hydroaction:
Development and testing of
improved Action and Matrix hydro turbines
designed by advanced analysis and
optimization tools. Small Hydro Going Smart

laboratory

206



[12]

[13]

[14]

IRE 1701313

© JUN 2019 | IRE Journals | Volume 2 Issue 12 | ISSN: 2456-8880

Conference.  Brussels, European Small
Hydropower Association, 2011.

Jost, D., Meznar, P. and Lipej, A.: Numerical
Prediction of Pelton Turbine Efficiency, 25th
IAHR Symposium on Hydraulic Machinery
and Systems IOP Publishing IOP Conf, 2010.

Klemetsen, L..: An Experimental and
Numerical Study of the Free Surface Pelton
Bucket Flow, Enugu State University of
Science and Technology, Enugu, 2010.

Patel, K., Patel, B., Yadav, V., and Foggia, T.:
Development of Pelton Turbine using
Numerical Simulation, 25th TAHR Symposium
on Hydraulic Machinery and Systems IOP
Publishing IOP Conf. Series: Earth and
Environmental Science, 12, 2010.

Koukouvinis, P. K., Anagnostopoulos, J. S.
and Papantoni, D. E.: Flow Modeling in the
Injector of a Pelton Turbine, 200.

Ben, M.K.: Mechanical Design of Pelton
Turbine for Rwanda Pico-Hydro. Honors
Thesis, Thayer School of Engineering
Dartmouth College, New Hampshire, Hanove,
2008.

Xirouchakis, P.: Hydrodynamics of The Free
Surface Flow In Pelton Turbine Buckets,
Lausanne, EPFL, 2007.

John S. A. and Dimitris E.: Experimental and
Numerical Studies on Runner Design of Pelton
Turbines, Papantonis School of Mechanical
Engineering, National Technical University of
Athens, Greece Crieff, Scotland, UK, 7-9 June,
2006.

Anonymous: Guide on How to Develop a
Small Hydropower Plant, European Small
Hydropower Association — ESHA, 2004.

Kvicinsky, S., Kueny, J. L. and Avellan, F.:
Numerical and Experimental Analysis of the
Free Surface Flows in a 3D Non-Rotating
Pelton Bucket, In The 9th international
Symposium on transport phenomena and
dynamic rotating machinery, Honolulu,
Hawaii, USA, 10-14 February, 2002.

ICONIC RESEARCH AND ENGINEERING JOURNALS

207



