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Abstract

Indian agriculture is the monsoon-dependent. Frequently, water flows near the fields or from the
rooftop, but there is a lack of gadgets and power to lift it to the desired place. Under such
circumstances, farmers are using some manually operated or animal-drawn devices to draw the water
from the river, channel or naturally impounded water to irrigate their fields in tribal and undeveloped
areas. But ithasalot of limitations which will cause loss of energy and time. Therefore, to provide relief
and to save energy and time for the farmers, an energy-free water lifting device that will operate 24x7
with little head available was designed and developed. The performance of the designed and developed
32 mm size energy-free water lifting device was worked out by taking 27 combinations such as three
supply heads, three diameters of delivery pipes, and three diameters of supply pipes. The supply and
delivery combination used for the study was 40/12. 40/16, 40/25, 50/12, 50/16 and 50/25 respectively.
It was found from the study that a maximum discharge rate of 2.40lpm was found with the 40/12 mm
supply/delivery combination at 2.0 m supply head under 3 m delivery head. Similarly, a maximum
discharge rate of 2.07 Ipm was found with the 50/12 mm supply/delivery combination at 1.5 m supply
head under 2.5 m delivery head. The maximum discharge rate of 1.67 Ipm was found with the 50/12
mm supply/delivery combination at 1.0 m supply head under 2.0 m delivery head. The maximum
delivery head achieved at supply head of 1.0 m, 1.5 m, and 2.0 m were 3.3, 3.9 and 4.0 m respectively.
It was observed that the supply and delivery pipe diameters of 50 mm, 40 mm and 12 mm, 16 mm
respectively were found best amongst all the three combinations of supply pipe. From the study, it was
revealed that as the delivery head increases, delivery discharge gradually decreases. It was also
observed that if the size of the supply pipe increases, discharge rates also increase up toa certain extent.
The designed and developed energy-free water lifting device is found helpful for farmers for lifting
water without power available.
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Introduction

India's economy is based primarily on agriculture. According to Limbore et. al. (2015) 29,
10% of the urban population and 70% of the rural population respectively depend on
agriculture for their daily needs. Agriculture in India is monsoon dependent. India receives
about 1190 mm of average precipitation each year. Out of which 33.8% flow as surface
runoff and enter the sea (Gupta et. al., 2016) 231, Water is accessible during the monsoon and
flows from higher elevations to lower elevations in the form of runoff. However, the lack of
electricity in hilly and tribal areas and the lack of appropriate equipment to lift runoff water
from lower elevations to higher elevations for irrigation prevented the farmers from lifting
this flowing water. The market is filled with a variety of mechanical and electrically powered
equipment that can raise water from lower elevations to higher elevations.

However, the current state of the Indian economy and marginal farmers' financial status does
not allow them to purchase and use these kinds of mechanically propelled lifts or electrically
propelled pumps to irrigate their fields. In rural and undeveloped areas, tribal communities,
and distant locations, even some populations in hilly terrain struggle to meet their necessities,
such as food, shelter, etc. Even it is almost impossible for them to have access to gasoline
and energy. To extract the water from water sources like rivers, perennial streams, naturally
impounded water, springs, etc., they are thus using some human-driven or animal-drawn
devices which are very laborious, time and energy-consuming.

~ 366 ~


http://www.biochemjournal.com/
https://doi.org/10.33545/26174693.2024.v8.i1e.398

International Journal of Advanced Biochemistry Research

The Konkan region makes up about 10% of the state's total
land area but receives 46% of its total precipitation (Mahale
et al., 2017) % Most precipitation is turned to surface flow,
but some of it also seeps into the soil. Lateritic soil with
excellent water drainage is found in the Konkan region. The
water is soon drained from it. Energy or electricity
availability is the most important issue that arises during the
monsoon season. Stakeholders had a variety of pumping
equipment, but during a severe monsoon, they were unable
to even fill their overhead tanks because of the lack of
energy. The Konkan region is home to numerous rivers that
flow freely year-round. Therefore, it was deemed necessary
to evaluate the performance developed device by designing
an energy-free, lightweight, and cost-effective device that
can only operate by naturally occurring elevation heads,
either of sloping land or rooftops, and lift the water to use it
either for irrigation or to fill the overhead tanks installed on
the rooftop.

Materials and Methods

Konkan region is gifted with a naturally available gravity

head. It was decided to use the naturally available velocity

head of the flowing water to run the proposed device and to

lift the water from the lower elevation to the higher

elevation. The device of 32 mm diameter PVC pipes was

designed and tested with the 12 mm, 16 mm, and 25 mm

diameter delivery pipes. The following material is needed to

develop the device.

1. PVC pipes, Flow control valves, Non-return valves, and
Plastic disposable bottle

2. Supply and delivery pipes, Male Threaded Adapters,
and Female Threaded Adapters

3. Elbows, Tees (T), Hose clips, Hose nipples, Reducers,
Teflon tape, PVC solution etc.

The 32 mm size energy-free water lifting device was
developed for the study and performance evaluation was
carried out by taking 27 combinations such as three supply
heads, three diameters of delivery pipes, and three diameters
of supply pipes. The supply and delivery combination used
for the study was 32/12, 32/16, 32/25, 40/12, 40/16, 40/25,
50/12, 50/16, and 50/25 respectively at 1.0, 1.5, and 2.0 m
supply head. The designed cost-effective energy-free water-
lifting device is shown below in Plate 1. The performance of
the designed and developed device in terms of delivery head
and quantity of water lifted was determined by changing
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supply and delivery head, varying supply and delivery pipe
sizes, etc. From the study, the maximum discharge was
found wunder 40/12 and 50/12 supply and delivery
combination which is presented in this paper.

Plate 1: Final setup after total accessories assembly

Results and Discussion

The experiment was conducted during 2018-2020 at the
Instructional Farm and in the Laboratory of the Department
of Irrigation and Drainage Engineering, College of
Agricultural Engineering and Technology, Dapoli (M.S.),
India.

Effect of supply pipe diameters, supply heads, and
delivery pipe diameters on delivery discharges

The 32 mm size energy-free water lifting device was
developed for the study and performance evaluation was
carried out by taking 27 combinations such as three supply
heads, three diameters of delivery pipes, and three diameters
of supply pipes. The supply and delivery combination used
for the study was 32/12, 32/16, 32/25, 40/12, 40/16, 40/25,
50/12, 50/16, and 50/25 respectively at 1.0, 1.5, and 2.0 m
supply head. The performance of the designed and
developed device in terms of delivery head and quantity of
water lifted was determined by changing supply and
delivery head, varying supply and delivery pipe sizes, etc.
The developed device was tested for 27 combinations as
enlisted above and most efficient operating performance of
the developed device is presented in Table 1.

Table 1: Effect of supply pipe diameters, supply heads, and delivery pipe diameters on delivery discharges

Supply pipe Obtained delivery discharges (Ipm) with the corresponding delivery heads (m)
diameter, 1.0 m supply head, 12mm Delivery pipe
mm 2.0m 2.5m 3.0m 3.Im 3.2m 3.3m
50 1.67 1.13 0.82 0.79 0.72 0.60
1.5 m supply head, 12mm Delivery pipe
25m 3.0m 3.1m 3.2m 3.5m 3.6m 3.7m 3.8m 3.9m
50 2.07 1.39 1.05 1.03 0.90 0.88 0.68 0.51 0.22
2.0 m supply head, 12mm Delivery pipe
3.0m 3.5m 3.6m 3.7m 4m
40 2.40 1.48 1.09 0.91 0.39

The developed device was tested for 1.0 m head, 32, 40, and
50 mm supply pipe diameters, and 12, 16, and 25 mm
delivery pipe diameters. The study observed that the best
performance at a 1.0 m supply head was obtained for a
combination of a 50 mm diameter supply pipe and at 12 mm

diameter delivery pipe. From Table 1 and Fig. 1, it is
revealed that for the supply head of 1.0 m and the diameter
of the delivery pipe was kept at 12 mm, the maximum
discharge was found at 2.0 m head i.e. 1.67 Ipm. The
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discharge of 0.60lpm could be lifted upto3.3 m maximum
supply head.

Similarly, the developed device was tested for 1.5 m head,
32, 40, and 50 mm supply pipe diameters and 12, 16, and 25
mm delivery pipe diameters. The best performance at a 1.5
m supply head was obtained for a combination of a 50 mm

https://www.biochemjournal.com

diameter supply pipe and a 12 mm diameter delivery pipe.
From Table 1 and Fig. 2, it is revealed that for a supply head
of 1.5 m and the diameter of the delivery pipe was kept at 12
mm, the maximum discharge was found at 2.5 m head i.e.
2.071 pm. The discharge of 0.22 Ipm could be lifted up-to
3.9 m maximum supply head.
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Fig 1: Delivery discharges (Ipm) at 1.0 m supply head
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Fig 3: Delivery discharges (Ipm) at 2.0 m supply head
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The developed device was tested for 2.0 m head, 32, 40, and
50 mm supply pipe diameters and 12, 16, and 25 mm
delivery pipe diameters. The best performance at a 2.0 m
supply head was obtained for a combination of a 40 mm
diameter supply pipe and a 12 mm diameter delivery pipe.
From Table 1 and Fig. 3, it is revealed that for a supply head
of 2.0 m and the diameter of the delivery pipe was kept at 12
mm, the maximum discharge was found at 3.0 m head i.e.
2.40 Ipm. The discharge 0f 0.39 Ipm could be lifted up to
4.0 m maximum supply head.

It is also very interesting to state that as the diameter of the
supply pipe increases, the discharge at the delivery side
increases up to a certain extent, however decreases by
increasing the delivery head.

Conclusion

It was found from the study that as the delivery head
increases, delivery discharge gradually decreases. It is also
observed that if the size of the supply pipe increases,
discharge rates also increase up to a certain extent. The
supply pipe with diameters of 50 mm and 40 mm and the
delivery pipe of 12 and 16 mm diameters were found best
among all selected combinations. The 50/12 supply delivery
pipe combination at 1.0 m supply head can develop
maximum discharge and head of 1.67 Ipm and 3.3 m. The
50/12 supply delivery pipe combination at 1.5 m supply
head can develop maximum discharge and head of 2.07 Ipm
and 3.9 m. The 40/12 supply delivery pipe combination at
2.0 m supply head can develop maximum discharge and
head of 2.40 Ipm and 4.0 m. The developed device is useful
for lifting water without power in remote areas of the
Konkan region.
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