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Abstract: This paper provides an overview of the
ancientevolution of water wheel turbine technology
according to the human needs in the technological
developments and focus on generation of energy with
new emerging modern technology after the industrial
revolution.  Because of the Rapid market evolution
different types of the water wheel technology’s has gone
through important evolutionover time. The difference
between Undershot, overshot and breastshot is given and
use of modern technology system is evaluate. Design of
the waterwheel will be tested for the comparative study
analysis of the Overshot, Undershot and Breast shot
Design with the three different types and with the
different volume of water. Result will be analyzed and
final performance will be done on the basis of hydro
formula for calculating the power generated by the
waterwheel the Focus has been given to the deep
analysis low cost water wheel in which efficiency will be
improved in this project of “Gharat” and lifetime will be
increased due to the change in advance and efficient
materials of the waterwheel. Economics benefits with the
hydro power used in the rural remote locations are also
useful and efficient. Comparative analysis for the under-
shot, breast shot and overshot water wheel efficiency. To
get the improved efficiency and long lasting of the
waterwheel The Performance of Water wheel (Overshot;
Brestshot; undershot): Most of the Hydro projects have
continuous 24 hour’s availability and high efficiency
around 81% in the present time.
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I. INTRODUCTION:

The waterwheel is one of the oldest
hydraulic machines known to humankind and has
been in use since antiquity. Originally built of
wood, the availability of new materials, namely
wrought iron, and the increasing demand for
mechanical power during the industrial revolution
led, in combination with the development of

hydraulic engineering, to the rational design of
waterwheels, resulting in much increased
performance and efficiency. Three distinct types of
waterwheels evolved: the overshot, the breastshot
and the undershot wheel. [1,2]

Overshot wheels were investigated quite
thoroughly and were found to have efficiencies of
more than 85% for a broad range of flow rates from
0·2 to 1·0 Q=Qmax. [3] The breastshot wheel
however, which was particularly popular in Britain,
was never investigated. Breastshot waterwheels can
be broadly defined as those where the water enters
the wheel at axis level. A typical waterwheel
installation would consist of a weir in the main
river, which generatesthe head difference, an intake
structure, the mill race, the waterwheel itself and
finally the tailrace which leads the water extracted
from the river back to its source. Today, such an
installation would be called a run-offriver power
station. Occasionally, millponds were built to store
water overnight for usage during the day. It is
estimated that in England in 1850 there were 25–
30000 waterwheels in operation. [4]

In Germany, there were 33500 waterwheels
registered for commercial use as late as 1925. [2]
Sample counts by the author suggest that 60–70%
of these wheels employed head differences below
2·5 m—that is, they were designed as undershot or
breastshot wheels. Although waterwheels were then
clearly regarded as efficient and cost-effective
machines, practically all waterwheels, and with
them the knowledge about technology and design,
have disappeared today. The remains of many water
wheel installations—that is, weirs, intakes and mill
races—do however still exist. Currently, it is
estimated that there is a potential of 600–1000 MW
of unused small hydro power with low heads in the
UK and around 500 MW in Germany. [5, 6]
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A typical waterwheel installation would
consist of a weir in the main river, which generates
the head difference, an intake structure, the mill
race, the waterwheel itself and finally the tailrace
which leads the water extracted from the river back
to its source. It is estimated that in England in 1850
there were 25–30000 waterwheels in operation.
Currently, it is estimated that there is a potential of
600–1000 MW of unused small hydro power with
low heads in the UK and around 500 MW in
Germany.The high speed of the turbine leads to
external damage to fish passing through the
hydropower installation, while the low pressures
can cause internal damage. In addition, the safe
downstream passage of juvenile fish is impeded.
Waterwheels were however not even mentioned in
the report. It can be expected that waterwheels will
have a very low environmental impact due to their
low speed, and due to the fact that they operate at
atmospheric pressures [7].

Hydro resource is one of the most potential
energy resources among the other interesting
resources such as solar cell, geothermal, fossil and
hydrogen energy systems. Hydropower on a small-
scale is one of the most cost-effective energy
technologies to be considered for rural energy
systems in less developed countries by the time of
the Industrial Revolution, water wheel technology
had been improved to a fine art, with efficiencies
approaching 70% being achieved in the many tens
of thousands of water wheels in use. Hydro-turbines
or water wheels convert water pressure into
mechanical shaft power, which can be used to
elevate water or to drive an electricity generator.
The power obtainable is proportional to the product
of pressure head and volume of flow rate [9]

Energy is the most important and one of the
major driving factors for a country’s economy.
Demandfor electricity is not steady; it goes up and
up. People use more electricity during the day when
they are awake and using electricity appliances and
less at night when they are asleep. People also use
more electricity when the weather is very cold or
very hot. The power obtainable is proportional to
the product of pressure head and volume of flow
rate. The flow of water from the channel/injector
enters to blade with high velocity, then continuously
rotates the wheel and elevates the water
simultaneously [10]

Hydropower systems are classified as large,
medium, small, mini and micro according to their
installation power generation capacity. Electrical
power is measured in watts (W), kilowatts (kW) or
megawatts (MW). A micro-hydropower system is
generally classified as having a generating capacity
of less than 100 kW. Close to a quarter of the
energy of the sun that reaches the earth’s surface
causes water to evaporate and hence a proportion of
this energy causes vapor to rise against the earth’s
gravitational pull. This vapor then condenses into
rain and snow, which again falls back to the earth’s
surface. This is called the water cycle and is the
fundamental reason why hydropower is possible
[11]. When rain and snow fall onto any

ground above sea level some of the sun’s energy is
conserved in the form of potential energy. This
energy is then dissipated in currents as water runs
down in streams. By catching this water in the
controlled form of pipes, one can exploit the kinetic
energy that becomes available with the movement
of water. These pipes are then used to direct the
stream of water, under pressure, onto a turbine
blade. The water then strikes the turbine blade to
create mechanical energy [11].

This mechanical energy is then transmitted to an
electrical

Generator through a rotating shaft [12]. This simple
process is essentially how all hydropower is
generated – a process tried and tested over hundreds
of years which currently supplies over 715,000 MW
or 19% of the world’s total electricity [13]

II. REVIEW

A study that concludes that in order to make
optimum use of the available head differences, three
different types of water wheels evolved: the
overshot, breast shot and the undershot wheels for
head differences of 0.6 to around 10m. Efficiency
measurements conducted with overshot water
wheels gave maximum efficiencies of 85-90% over
a broad range of flows. Recent model tests of breast
shot wheels gave efficiencies of 79%. Undershot
wheels appear to be somewhat less efficient with 71
– 76%. Water wheels appear to be efficient and
ecologically acceptable energy converters. For the
cost-effective deployment of water wheels further
development of the wheel itself and the generator
unit (low speed generator) does seem necessary [7]
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A. Overshot wheel,               B.  Breast wheel,

Muller 1899 Fairbairn 1876

A. Undershot (Zuppinger) wheel, B.Stream  wheel,

Muller 1899                                 Muller 1899

Fig 1: Types of water wheels

A study was concluding that Breastshot
wheels were in widespread use in the nineteenth and
early twentieth century. There is however only little
design information and no information about their
performance characteristics available. Most
advanced design method was developed at the end
of the nineteenth Century by the German engineer
Carl von Bach. In order to illustrate this method, a 4
m diameter wheel was designed. A 1: 4 model of
the wheel was subsequently built and tested in order
to assess the viability of the design method, and the
performance of the water wheel. Although
breastshot wheels were very popular in the
nineteenth and early twentieth century, the
experiments described in this paper constitute, to
the authors’ knowledge, the first performance tests
of breastshot wheels. Initial tests with the model
wheel showed efficiencies of 78% over a wide
range of flows from 0·18 to 0·7Q=Qmax. At the
outflow a wave-like water surface was visible,
indicating additional losses. The inflow detail was
found to generate higher losses than anticipated in
the design method. This led to a reduced capacity of
70% of the design capacity, and possibly a
reduction in efficiency. The inflow detail was

redesigned as an overflow. In combination with an
incline of the tailrace this led to efficiencies of 87%
for 0_25 < Q=Qmax< 0_98. An initial ecological
assessment showed that waterwheels can be
expected to have a significantly reduced impact on
the fish population when compared with turbines.
Further development potential both in terms of
improved performance and ecological impact exists.
Breast shot waterwheels may therefore offer an
economic and environmentally acceptable energy
converter for low head differences of 1·5 to 2·5 m
and flow rates of 0·5– 2·5 m/s [8]

A. Fairbairn design              B.  Bach’s design
Figure (2)thebreastshot waterwheel

A study was concluded that the PWW, a
renewable and sustainable energy system with
effective technologies, low cost of operation and
maintenance is very suitable in rural area with a
water landscape environment. The traditional water
wheel and water mill, which were constructed with
a simple design with very basic technology, have a
big economic impact on the rural economy. The
traditional water wheels and water mills were
constructed from hardwood, bamboo and recycled
components from steel functions as a new green
technology promising no negative effects on the
environment. [9]

Figure (3) Water wheel constructed from hardwood
used to elevate water to a 3- meter height.
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A study was concluded that the
Waterwheel, a renewable and sustainable
energysystem with effective technologies, low cost
of operation and maintenance is very suitable in
rural area with a water landscape environment. The
traditional water wheel and water mill, which were
constructed with a simple design with very basic
technology, have a big economic impact on the
rural economy. The traditional water wheels and
water mills were constructed from hardwood,
bamboo and recycled components from steel
functions as a new green technology promising no
negative effects on the environment [10]

Figure (4) Types of Water wheel

A study was concluded that the Following
adjustments to nozzle position and mounting of the
Guelph Firefly unit, testing will recommence with
varied flows and heads.

Modeling the alternator is difficult: in addition to
rotation speed and torque, performance is impacted
by field strength. This makes it difficult to separate
the effects of alternator performance from turbine
performance. Future testing will separate the Firefly
from the alternator. The Firefly turbine will be
characterized by testing on a dynamometer over a
range of torque and rotation rates. Separate
dynamometer testing of the alternator will allow
determination of the relative importance of
alternator optimization (e.g. field strength)
compared to turbine configuration (e.g. nozzle
alignment). Alternative turbines of different
configurations and lower parts counts will also be
designed and tested, and compared to the Firefly.

This paper has described the initial stages of this
research project. Additional testing of the current
Firefly unit is currently being conducted, and work

has begun on the design of different turbines with
the goal of further optimizing ease of construction,
performance and reliability. The results of the
continued testing will be used to draw conclusions
on the appropriateness of the current Firefly, and
improved designs, in M’muock, Cameroon [15]

Figure (5) Runner Assembly

A study was concluded that this research
work has been done considering theEstablishment
of a low-head microhydro power system.

Projected people considered here are the mediocre
people.

Such a family requires about 1 kw of power to use
their house hold appliances in case of interruption
of electricity from the national grid line. Though the
establishment cost is a bit higher but after
constructing the system once, it works up to 20 to
25 years . The breast shot water wheel that has been
designed and simulated provides approximately the
desired amount of output power and is most
effective for getting higher power requirements also
[14]

Figure (6) A Micro Hydro system with a fixed
water source
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III. CONCLUSION

Work has been done on waterwheel, its
performance evaluation was performed then work
was done on different efficiencies of under-shot,
over-shot and breast-shot type waterwheels.
Different experiments were performed to check the
performance of the waterwheel using different
types, by changing the flow rate of the flowing
water.
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