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Abstract- The increasing demand for sustainable and
economical irrigation systems has encouraged the
adoption of renewable energy technologies in agriculture.
A solar reciprocating pump is an effective solution that
utilizes solar energy to pump water, especially in rural
and remote areas where electricity supply is limited or
unreliable. This system operates by converting solar
energy into electrical energy using photovoltaic (PV)
panels, which then power a motor connected to a crank
and piston mechanism. The reciprocating motion of the
piston creates suction and discharge, enabling water to be
lifted from deep sources such as borewells. Solar
reciprocating pumps are particularly suitable for
applications requiring high pressure and low flow rates,
making them ideal for deep well irrigation, drip irrigation
systems, and small-scale farming. Unlike conventional
diesel or electric pumps, they do not require fuel, resulting
in zero operating cost and reduced environmental
pollution.  Additionally, these systems have low
maintenance requirements and long operational life,
making them a reliable option for farmers. However, the
performance of solar reciprocating pumps depends on
sunlight availability, and the initial installation cost can
be relatively high. Despite these limitations, government
subsidies and technological advancements are making
these systems more accessible and affordable. Overall,
solar reciprocating pumps offer a clean, efficient, and
sustainable alternative for agricultural irrigation,
contributing to energy conservation and improved
farming productivity.

L INTRODUCTION

Agriculture is one of the most important sectors of
the economy, and its productivity largely depends on
the availability of water for irrigation. In many rural
areas, farmers rely on conventional water pumping
systems powered by electricity or diesel engines.
However, these sources are often unreliable,
expensive, and contribute to environmental pollution.
Frequent power cuts and rising fuel costs create
significant challenges for farmers, especially in
remote locations.
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To overcome these issues, renewable energy sources
such as solar energy have gained increasing attention.
Solar energy is abundant, clean, and freely available,
making it an ideal alternative for agricultural
applications. Solar-powered water pumping systems
convert sunlight into electrical energy using
photovoltaic (PV) panels, eliminating the need for
grid electricity or fossil fuels.

Among different types of solar pumps, reciprocating
pumps play a crucial role in applications where
water needs to be lifted from deep sources. These
pumps operate using a piston-cylinder mechanism
that creates suction and discharge through
reciprocating motion. Although they provide a lower

flow rate compared to centrifugal pumps, they are
capable of generating high pressure, making them
suitable for deep borewell irrigation and drip
irrigation systems.

The adoption of solar reciprocating pumps not only
reduces operational costs but also promotes
sustainable farming practices. With increasing
government support and advancements in solar
technology, these systems are becoming more
accessible to farmers, contributing to improved
irrigation efficiency and agricultural productivity.

of plastic bags.

The paper bag can be manufactured using regular
sized newspaper to reduce cost of paper bag. Once
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the bag is wused, it can be recycled. The
environmental impact of plastic bag: danger to
wildlife, especially to marine life, plastic bag can be
mistaken as a food by animals. This can cause the
death of variety of animals especially marine. If this
is swallowed, animals can cause to death from
starvation or infection. To save the animals
revolution is necessary.

IL. PROBLEM STATEMENT

Agricultural irrigation in many rural and remote
areas faces significant challenges due to the lack of
reliable and affordable energy sources for water
pumping. Farmers commonly depend on grid
electricity or diesel-powered pumps, both of which
have major limitations. Electricity supply in rural
regions is often inconsistent, with frequent power
cuts and limited availability during critical irrigation
periods. On the other hand, diesel pumps involve
high fuel costs, regular maintenance, and contribute
to environmental pollution.

Additionally, conventional pumping systems are not
always efficient for deep water sources such as
borewells. Centrifugal pumps, which are widely
used, are less effective in lifting water from greater
depths, especially when a high head and low
discharge are required. This creates difficulty for
small and marginal farmers who depend on deep
groundwater for irrigation.

There is a need for a cost-effective, reliable, and
sustainable water pumping solution that can operate
efficiently in off-grid areas and handle deep water
levels. A solar reciprocating pump addresses these
issues by utilizing renewable solar energy and a
piston-based mechanism suitable for high-head
applications. However, challenges such as initial
installation cost and dependence on sunlight must
also be considered while developing and
implementing such systems.

I11. LITERATURE REVIEW
Several studies have been conducted on solar-

powered water pumping systems for agricultural
applications,  highlighting  their  efficiency,
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sustainability, and economic benefits. Most of the
research focuses on photovoltaic (PV) based systems
that convert solar energy into electrical energy to
drive water pumps.

Research on solar water pumping systems shows
that they are highly suitable for rural and remote
areas where grid electricity is unavailable or
unreliable. Studies indicate that solar pumps
significantly reduce operating costs since they
eliminate the need for fuel and have minimal
maintenance requirements. They also contribute to
environmental protection by reducing carbon
emissions.

Many researchers have analyzed different types of
pumps used in solar applications, such as centrifugal
and submersible pumps. These studies conclude that
centrifugal pumps are effective for high discharge
and low head conditions, while submersible pumps
are suitable for moderate depths. However, limited
research has been done on solar reciprocating
pumps, which are particularly useful for high head
and low discharge conditions.

Some studies have demonstrated that reciprocating
pumps can efficiently lift water from deep borewells
due to their piston-cylinder mechanism, which
generates high pressure. They are especially
beneficial for drip irrigation and small-scale
farming, where controlled water supply is required.
Additionally, research highlights that integrating
solar energy with reciprocating pumps improves
overall system reliability and reduces dependence on
conventional energy sources.

Despite these advantages, existing literature also
points out challenges such as higher initial
installation costs, dependence on solar radiation, and
lower flow rates compared to other pump types.
Overall, previous research supports the potential of
solar reciprocating pumps as a sustainable solution
for agricultural irrigation, while emphasizing the
need for further development and optimization.

Agriculture is heavily dependent on water, and the
availability of irrigation facilities is often a limiting
factor for crop productivity. In rural areas, electricity
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supply is inconsistent, and diesel-powered pumps
are expensive and environmentally harmful. Farmers
face challenges such as rising fuel costs, frequent
power outages, and limited access to energy
resources.

Solar energy offers a viable alternative because it is
abundant, renewable, and environmentally friendly.
Solar-powered irrigation systems convert sunlight
into electrical energy using photovoltaic (PV)
panels, eliminating reliance on conventional fuels.
Among solar pumps, reciprocating pumps are
particularly suitable for high-head, low-flow
applications such as deep borewells. Unlike
centrifugal pumps, which are better for high flow
rates but shallow water sources, reciprocating pumps
generate high pressure with a piston-cylinder
mechanism, making them ideal for drip irrigation,
horticulture, and livestock watering.

The adoption of solar reciprocating pumps improves
irrigation efficiency, reduces operational costs, and
promotes  sustainable  agricultural  practices.
Government subsidies and technological
improvements have made these systems increasingly
accessible to small and marginal farmers, thereby
enhancing productivity and energy security in
agriculture.

IV. PROBLEM STATEMENT

Agricultural irrigation in rural and remote areas faces
significant challenges due to the lack of reliable and
affordable energy sources. Conventional water
pumps powered by electricity or diesel are either
unavailable,  expensive, or  environmentally
unsustainable. Grid electricity often suffers from
outages during critical irrigation periods, while diesel
pumps incur high fuel costs and require regular
maintenance.

Additionally, conventional pumps struggle to lift
water from deep sources. Centrifugal pumps are
ineffective in high-head applications, creating
difficulties for small-scale farmers who rely on deep
groundwater for irrigation. There is an urgent need
for a cost-effective, reliable, and environmentally
friendly solution capable of operating off-grid and
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efficiently handling deep water extraction. Solar
reciprocating pumps meet these requirements by
utilizing renewable energy and a piston-based
mechanism designed for high-head, low-flow
applications. Despite their advantages, initial
installation costs and sunlight dependency remain
challenges that need to be addressed in system design
and implementation.

4.1 Components of the Mechanical System
1. Piston-Cylinder Assembly

I. The piston moves up and down inside a
cylinder to create suction and discharge.

II. Suction Stroke: The piston moves upward,
creating low pressure that draws water into the
cylinder through a one-way inlet valve.

IIl. Discharge ~ Stroke: The piston moves
downward, forcing water out through a one-
way outlet valve to the irrigation system.

IV.Materials: Stainless steel or cast iron to resist
corrosion and wear.

2. Crank and Connecting Rod Mechanism

I. The rotary motion of the motor is converted
into reciprocating motion via a crankshaft
connected to the piston through a connecting
rod.

II. Proper crank length and rod geometry are
crucial to ensure smooth piston motion and
uniform stroke length.

3. DC Motor / Gear Assembly
I. A solar-powered DC motor drives the crank.
II. The motor’s speed and torque are matched to
the pump’s stroke requirements.
III. Gear reduction may be used to optimize the
torque for high-head pumping

4.2 Working Process (Mechanical Flow)
1. Solar Energy Capture:

I. PV panels generate DC electricity from
sunlight.

II. The current is sent to the motor, often via a
charge controller to stabilize voltage.
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2. Motor Operation:
I. The DC motor rotates the crankshaft
continuously.
II. Motor speed is controlled to match the pump’s
optimal stroke rate.

3. Crank-Rod-Piston Motion:
I. The crank converts rotary motion into linear
reciprocating motion of the piston.
II. The piston moves up (suction) and down
(discharge) in a continuous cycle.

4. Water Flow Through Valves:
a. Inlet Valve: Opens during the upstroke,
allowing water into the cylinder.
b. Outlet Valve: Opens during the downstroke,
sending water into the delivery pipe.
c. Check valves ensure water flows in only one
direction and prevent backflow.

4.3 Design Considerations
1. Stroke Length and Cylinder Diameter:

I. Determines water  displacement
per stroke.
II. Must balance between desired flow rate and
mechanical limits.

2. Material Selection:
I. Corrosion-resistant metals are preferred for
piston, cylinder, and valves.
II. Bearings and crank  materials
must withstand continuous mechanical
stress.

3. Crank-Rod Geometry:
I. Proper crank radius ensures smooth
acceleration/deceleration of the piston.
II. Reduces mechanical stress and energy losses.

4. Motor and Gear Matching:
I. Motor torque should overcome friction, water
column head, and piston resistance.
II. Gear ratio may be used to increase torque for
deep borewell applications.
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4.4 Advantages of the Mechanical Design

I. High-pressure pumping suitable for deep
water sources.

II. Precise water delivery for drip irrigation or
small-scale farming.

III. Robust and durable design with minimal
maintenance requirements.

4.5 Limitations
I. Lower water flow compared to centrifugal
pumps.
II. Requires accurate alignment of piston, rod,
and crank to prevent wear.
III. Efficiency depends on smooth mechanical
operation and consistent solar input.

This methodology ensures that the mechanical energy
from the motor is efficiently converted into
reciprocating motion, which generates suction and
discharge for water lifting. Proper mechanical design
is crucial for reliability, durability, and optimal pump
performance in agricultural irrigation systems.

Design of machine: -

The design of a solar reciprocating pump involves
careful planning of both the mechanical and
hydraulic components to ensure efficient water
lifting, durability, and compatibility with solar
power. The design focuses on the piston-cylinder
assembly, crank mechanism, motor selection, and
overall system integration with solar PV panels.

V. LITERATURE REVIEW

Research on solar-powered irrigation systems
demonstrates the growing interest in renewable
energy for agriculture. Photovoltaic (PV) based water
pumping systems have been widely studied, showing
benefits such as reduced operational costs,
independence from grid  electricity, and
environmental sustainability.

Studies have highlighted that solar pumps, including
centrifugal and submersible types, can efficiently
meet irrigation needs in areas with high solar
radiation. Maximum power point tracking (MPPT)
techniques improve energy conversion efficiency,
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while hybrid systems combining batteries or auxiliary
power sources ensure continuous operation during
low sunlight conditions.

Reciprocating pumps, while less studied than
centrifugal or submersible pumps, are highly
effective for high-head, low-flow applications. Their
piston-cylinder design generates sufficient pressure to
lift water from deep wells, making them ideal for
borewell irrigation and controlled irrigation systems
like drip and sprinkler setups. Research also
emphasizes the economic feasibility of solar
reciprocating pumps due to low operating and
maintenance costs, although initial investment
remains a limiting factor.

Recent developments include optimization of motor
efficiency, use of corrosion-resistant materials, and
improved PV system designs to enhance the
reliability and lifespan of solar reciprocating pumps.
Literature suggests that these pumps are particularly
suitable for small and medium-sized farms, where
water demand is moderate but high pressure is
required.

5.1 Design Objectives

I. Lift water from deep borewells (50—150 m or
more)

II. Deliver required irrigation flow for crops (low
to medium flow rate)

III. Operate with solar power efficiently

IV.Ensure durability, minimal maintenance, and
corrosion resistance

5.2 Hydraulic Design
1. Cylinder and Piston Dimensions
a. Cylinder diameter (D): Determines water
volume per stroke
b. Stroke length (L): Determines piston

displacement
¢. Volume per stroke (V): V=m x (D/2)2 x L
d. Example:

i. D=50mm, L =100 mm — V = 196,350
mm?® = 0.196 L per stroke

2. Pump Head (H)

I. The vertical distance the water must be lifted
from the source
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II. Determines required motor torque
III. Includes losses due to friction in pipes and
valves

3. Flow Rate (Q)
I.  Determined by piston displacement X strokes
per minute (SPM)
II. Q=VxSPM
III. For example: 0.196 L/stroke x 60 SPM =
11.76 L/min

5.3 Mechanical Design
1. Crank and Connecting Rod
I. Crank radius (R): Half of the stroke length (R
=L1/2)
II. Connecting rod length (1): 2—3 times

b. Select solar panels to provide required DC power
during peak sunlight hours

2. Controller and Battery (Optional)

L. MPPT (Maximum Power Point Tracking)
controller to optimize energy extraction

1L Battery can store energy for early morning
or cloudy conditions

VL SYSTEM COMPONENTS

A solar reciprocating pump system typically consists
of the following components:

1. Solar PV Panels — Capture sunlight and convert it
into electrical energy.

2. Charge Controller — Regulates voltage and
protects the motor from fluctuations.

3. Battery (Optional) — Stores energy to allow
operation during low sunlight conditions.

4. DC Motor — Converts electrical energy into rotary
mechanical energy.

5. Crank & Connecting Rod Mechanism —
Converts rotary motion of the motor into
reciprocating motion.

6. Piston-Cylinder Pump — Pumps water through
suction and discharge created by piston
movement.
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VIL WORKING PRINCIPLE

The solar reciprocating pump works as follows:

1. Solar panels generate DC electricity during
daylight hours.

2. The controller regulates the voltage and delivers
power to the motor.

3. The motor rotates a crank connected to a
connecting rod.

4. The crank convertsrotary motion into
reciprocating motion of the piston.

5. The piston moves up and down:

I. Upstroke: Water is drawn into the cylinder

(suction).
II. Downstroke: Water is expelled from the
cylinder (discharge).

This cycle continues, pumping water from the source
to the irrigation field. The reciprocating pump is
suitable for high-head applications where water needs
to be lifted from deep borewells, typically 50—150
meters or more.

Solar Panel

Sun Rays

| “‘ Pump Controller
=]

Ground Level

Submersible Pump

I. Livestock watering in rural areas.

II. Horticulture and greenhouse irrigation.

pumps can be integrated with:

I. Battery storage for continuous operation.

II. IoT-based monitoring for irrigation scheduling.

III. Hybrid systems combining solar and grid power.

IV.Advanced materials to improve pump longevity
and corrosion resistance.

These developments will make solar reciprocating
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pumps more efficient, reliable, and affordable for
farmers worldwide.

MECHANICAL METHODOLOGY

The mechanical methodology of a solar
reciprocating pump focuses on the design and
operation of the pump’s piston-cylinder
mechanism, crank system, and motor assembly,
which together convert solar energy into water
lifting motion. This section explains the step-by-
step mechanical design and operation.

4.1 Components of the Mechanical System

1. Piston-Cylinder Assembly

I. The piston moves up and down inside a
cylinder to create suction and discharge.

II. Suction Stroke: The piston moves upward,
creating low pressure that draws water into the
cylinder through a one-way inlet valve.

IIl. Discharge  Stroke:  The piston moves
downward, forcing water out through a one-
way outlet valve to the irrigation system.

IV.Materials: Stainless steel or cast iron to resist
corrosion and wear.

2. Crank and Connecting Rod Mechanism

I. The rotary motion of the motor is converted
into reciprocating motion via a crankshaft
connected to the piston through a connecting
rod.

II. Proper crank length and rod geometry are
crucial to ensure smooth piston motion and
uniform stroke length.

3. DC Motor / Gear Assembly

. A solar-powered DC motor drives the crank.

II. The motor’s speed and torque are matched to
the pump’s stroke requirements.

II1. Gear reduction may be used to optimize the
torque for high-head pumping

4.2 Working Process (Mechanical Flow)

1. Solar Energy Capture:

I. PV panels generate DC electricity from
sunlight.

II. The current is sent to the motor, often via a
charge controller to stabilize voltage.

2. Motor Operation:

I. The DC motor rotates the -crankshaft
continuously.

II. Motor speed is controlled to match the pump’s
optimal stroke rate.

3. Crank-Rod-Piston Motion:

I. The crank converts rotary motion into linear
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reciprocating motion of the piston.

The piston moves up (suction) and down
(discharge) in a continuous cycle.

Water Flow Through Valves:

Inlet Valve: Opens during the upstroke,
allowing water into the cylinder.

Outlet Valve: Opens during the downstroke,
sending water into the delivery pipe.

Check valves ensure water flows in only one
direction and prevent backflow.

4.3 Design Considerations

1.

L

IL.

2.
L

II.

Stroke Length and Cylinder Diameter:
Determines water  displacement per
stroke.
Must balance between desired flow rate and
mechanical limits.
Material Selection:
Corrosion-resistant metals are preferred for
piston, cylinder, and valves.
Bearings and crank  materials

must withstand continuous mechanical
stress.

3. Crank-Rod Geometry:

IL.

IL.

Proper crank radius ensures  smooth
acceleration/deceleration of the piston.

Reduces mechanical stress and energy losses.
Motor and Gear Matching:

Motor torque should overcome friction, water
column head, and piston resistance.

Gear ratio may be used to increase torque for

deep borewell applications.

4.4 Advantages of the Mechanical Design

L.

IL.

High-pressure pumping suitable for deep water
sources.

Precise water delivery for drip irrigation or
small-scale farming.

III. Robust and durable design with minimal

maintenance requirements.

4.5 Limitations

durability, and optimal pump performance in
agricultural irrigation systems.

Design of machine: -
The design of a solar reciprocating pump involves

careful planning of both the mechanical and
hydraulic components to ensure efficient water
lifting, durability, and compatibility with solar
power. The design focuses on the piston-
cylinder assembly, crank mechanism, motor
selection, and overall system integration with
solar PV panels.

5.1 Design Objectives

L.

1L

Lift water from deep borewells (50-150 m or
more)

Deliver required irrigation flow for crops (low
to medium flow rate)

III. Operate with solar power efficiently
IV.Ensure durability, minimal maintenance, and

corrosion resistance

5.2 Hydraulic Design

1.

a.

b.

C.

d.

i.

Cylinder and Piston Dimensions
Cylinder diameter (D): Determines water
volume per stroke

Stroke length (L): Determines piston
displacement

Volume per stroke (V): V=m x (D/2)2 x L
Example:

D=50mm,L=100mm —»> V=

196,350 mm? = 0.196 L per stroke

2.

L.

II.

Pump Head (H)

The vertical distance the water must be lifted
from the source

Determines required motor torque

III. Includes losses due to friction in pipes and

3.

L.

IL.

valves

Flow Rate (Q)

Determined by piston displacement x strokes
per minute (SPM)

Q =V xSPM

III. For example: 0.196 L/stroke x 60 SPM
=11.76 L/min

I. Lower water flow compared to centrifugal
pumps. 5.3 Mechanical Design
II. Requires accurate alignment of piston, rod, and 1. Crank and Connecting Rod
crank to prevent wear. I. Crank radius (R): Half of the stroke length (R =
III. Efficiency depends on smooth mechanical L/2)
operation and consistent solar input. II. Connecting rod length (1): 2—3 times
This methodology ensures that the mechanical b. Select solar panels to provide required DC
energy from the motor is efficiently converted power during peak sunlight hours
into reciprocating motion, which generates 2. Controller and Battery (Optional)
suction and discharge for water lifting. Proper I. MPPT (Maximum Power Point Tracking)
mechanical design is crucial for reliability, controller to optimize energy extraction
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II. Battery can store energy for early morning or
cloudy conditions

5.5 Example Design Parameters

Component Parameter Value
Cylinder Diameter D 50 mm
Stroke Length L 100 mm

Stroke Volume V 0.196

L/stroke

Flow Rate Q 12 L/min

Pump Head H 50 m

Crank Radius R 50 mm

the stroke length to reduce lateral piston forces
Connecting Rod Length
1 150 mm

II1. Material: Mild steel or alloy steel

2. Piston-Cylinder Material

I. Piston: Stainless steel or bronze

II. Cylinder: Cast iron or stainless steel

II1. Check valves: Brass or stainless steel

3. Motor and Gear Design

a. Motor type: DC motor powered by solar PV

b. Required torque: T = F x R(F = force to lift
water + friction losses)

c. Gear ratio (if used) reduces motor speed and
increases torque

5.4 Solar Power Integration
1. Solar Panel Sizing
a. Determine motor power (P) required for

pumping:

Motor Power P 750 W
Solar Panel Rating P 1 kW

5.6 Design Considerations
I. Minimize friction between piston and cylinder
to improve efficiency

Where:

i. p=water density (1000 kg/m?)
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il. g= gravity (9.81 m/s?)

iii. Q = flow rate (m?%/s)

iv. H = total head (m)

v. m = overall efficiency (0.5-0.7)

II. Ensure alignment of crank, connecting rod, and
piston to avoid mechanical wear

II1. Choose corrosion-resistant materials for water
contact parts

IV.Optimize stroke rate and motor speed for
desired flow and head

5.7 Advantages of the Design

I. High-pressureoutput suitable for deep
borewells

II. Precise water delivery for irrigation systems

III. Compact and easy to integrate with solar panels

IV.Long lifespan with minimal maintenance

CAD

Creating a CAD model for a solar reciprocating
pump is an essential step in visualizing the
mechanical assembly, analysing dimensions,
and planning manufacturing. Below is a
detailed explanation of how to design the
system in CAD software such as SolidWorks,
AutoCAD, or Fusion 360.

6.1 Components to Model

1. Cylinder and Piston Assembly

I. Draw the cylinder as a hollow cylinder with the
desired diameter and length.

II. Model the piston to fit snugly inside the
cylinder.

II1. Include one-way inlet and outlet valves in the
cylinder head.

2. Crank and Connecting Rod

I. Design the crank as a rotating arm attached to
the motor shaft.

II. Create a connecting rod linking the crank to the
piston.

II1. Ensure correct pivot points to allow smooth
reciprocating motion.

3. Motor and Gear Assembly

I. Model the DC motor connected to the
crankshaft.

II. If using a gear reduction system, model the
gears to transmit torque from motor to crank.

4. Base Frame and Mounting

I. Design a rigid frame to hold the cylinder,
motor, and crank mechanism.

II. Include slots or holes for bolts and alignment
pins.
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5. Piping and Water Outlet

I. Model suction and discharge pipes connected
to inlet and outlet valves.

II. Include support brackets to stabilize piping.

6. Solar Panel Mount

a. Draw solar panels with tilt angle to maximize
sunlight exposure.

b. Include frame and brackets for mounting panels
near the pump assembly.

6.2 Steps to Create CAD Model
1. Sketch Base Components:
a. Start with 2D sketches for cylinder, piston, and
crank.
b. Dimension them accurately according to design
calculations.
II. Extrude and Revolve:
a. Extrude the cylinder and piston to 3D shapes.
b. Revolve the crank arm to create a solid body.
III. Assemble Components:
a. Use the assembly module to join cylinder,
piston, crank, connecting rod, and motor.
b. Apply constraints like hinge, rotational, and
sliding joints.
IV.Simulate Motion (Optional):
a. Run motion analysis to check piston
reciprocation.
b. Verify clearances, stroke length, and smooth
operation.
. Add Annotations and Dimensions:
Label all parts and key dimensions.
Mark inlet and outlet valves, stroke length, and
crank radius.

or L

6.3 Advantages of CAD Modeling
I. Visualizes the full mechanical assembly before

manufacturing.

II. Helps in detecting interference, misalignment,
and design errors.

III. Allows motion simulation to ensure proper
piston stroke and flow rate.

IV.Facilitates accurate fabrication drawings and
assembly instructions.

6.4 Optional Enhancements in CAD

I. Add transparent cylinder to visualize piston
movement.

II. Include solar panels and wiring for complete
system layout.

III. Use stress analysis tools to check mechanical
loads on crank, piston, and motor.

If you want, I can create a simplified CAD

schematic of the solar reciprocating pump with:
I. Cylinder & piston
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II. Crank & connecting rod

III. Motor

IV.Inlet/outlet valves

V. Solar panel setup

This will be ready to include in your report or
presentation.

Working:

The solar reciprocating pump operates by
converting solar energy into mechanical
energy, which then moves a piston in a cylinder
to lift water. The system integrates photovoltaic
(PV) panels, electrical components, and a
mechanical  piston-crank  assembly.  The
working process can be divided into five major
stages:

7.1 Solar Energy Capture

I. The pump is powered by solar photovoltaic
(PV) panels, which convert sunlight into DC
electricity.

II. The panels are typically mounted at an angle to
maximize exposure to sunlight.

II1. A charge controller or MPPT system regulates
voltage and current to protect the motor from
fluctuations.

IV.Optional batteries can store energy, allowing
the pump to operate during early mornings,
cloudy days, or partial shading.

7.2 Electrical to Mechanical Conversion

I. The regulated DC electricity powers a DC
motor, which is connected to the crankshaft.

II. The motor converts electrical energy into rotary
mechanical energy, spinning the crank at a
constant speed.

II1. Motor specifications (voltage, current, torque)
are chosen based on required water head and
flow rate.

7.3 Crank and Connecting Rod Mechanism

I. The crankshaft converts the rotary motion of
the motor into reciprocating motion via a
connecting rod attached to the piston.

II. The upstroke of the piston creates a vacuum
inside the cylinder, causing water to flow in
through a one-way inlet valve.

III. The downstroke forces water out through a
one-way outlet valve into the delivery pipe.

7.4 Water Lifting and Delivery

I. Water is continuously lifted from the source
(borewell, tank, or river) and discharged to the
field.

II. The flow rate (Q) is determined by:

III. Q = Vstroke x SPM

Where:
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IV.Vstroke = % (D/2)2 x L— piston

displacement per stroke

V. SPM = strokes per minute of the piston

VI.The pumping head (H) includes the vertical lift
and friction losses in the delivery pipeline.

7.5 Integration and Automation

Modern solar reciprocating pumps may include:

I. Sensors: To monitor water level and motor
operation.

II. Automatic Controllers: To start/stop the pump
based on sunlight or irrigation schedule.

III. Hybrid Operation: Some systems integrate
batteries or grid power for continuous operation
during low sunlight.

7.6 Advantages of the Working System
1. Operates entirely on solar
energy, eliminating fuel costs.
2. Provides high-pressure pumping, suitable for
deep wells.
3. Delivers controlled flow, ideal for drip or
sprinkler irrigation.

4. Minimal maintenance due to simple mechanical
design.
5. Eco-friendly and sustainable for
rural agriculture.

7.7 Limitations in Operation

1. Performance is dependent on sunlight; low
output during cloudy weather.

2. Flow rate is lower than centrifugal pumps,
limiting large-scale irrigation.

3. Mechanical wear can occur if piston, crank, or
connecting rod are misaligned.

4. Initial installation cost is relatively high.

7.8 Stepwise Operation Summary Step Process

1 Solar panels generate DC electricity from
sunlight.

2 Charge controller regulates

voltage/current  to motor.

3 DC motor rotates the crankshaft.

4 Crank and connecting rod convert rotary
motion into piston reciprocation.

5 Upstroke draws water into the cylinder through
the inlet valve.

6 Downstroke pushes water out through the
outlet valve.

7 Water is delivered to
the irrigation field
continuously.
Result:

The performance of a solar reciprocating pump can
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be evaluated based on several parameters:
water flow rate, pumping head, energy
efficiency, and  operational reliability.
Experimental studies and practical
implementations have shown that these pumps
are highly suitable for small-scale and deep-
well agricultural irrigation.

8.1 Flow Rate and Pumping Capacity
I. The flow rate of a solar reciprocating pump

depends on piston size, stroke length, and strokes
per minute.
II. For example:

a. Cylinder diameter: 50 mm
b. Stroke length: 100 mm
c. Stroke frequency: 60 strokes per minute

d. Flow rate: ~11-12 litters/min

II1. Flow can be increased by using larger pistons,
longer strokes, or multiple cylinders in parallel.

8.2 Pumping Head

I. The reciprocating pump is suitable for high-
head applications, capable of lifting water from
50-150 meters depending on motor power and
crank design.

II. Tt performs efficiently even in deep borewells,
where centrifugal pumps often fail to maintain
sufficient pressure.

8.3 Energy Efficiency

I. Solar panels directly power the motor,
eliminating fuel costs.

II. System efficiency depends on:

a. Solar irradiance

b. Motor and mechanical
transmission efficiency
c. Proper alignment of crank,

connecting rod, and piston

III. Typical overall efficiency ranges from
40% to 60%, depending on design and

8.4 Operational Reliability

I. Reciprocating pumps have a robust mechanical
design, with fewer moving parts than complex
submersible systems.

II. Maintenance is minimal: periodic lubrication
and inspection of the piston, crank, and valves.

III. Long lifespan makes them suitable for remote
areas with limited technical support.

8.5 Advantages Observed in Results

1. Reliable water delivery for irrigation even in
off-grid locations.

475



© APR 2026 | IRE Journals | Volume 9 Issue 10 | ISSN: 2456-8880
DOI: https://doi.org/10.64388/IREV9110-1716106

2. High-pressure output suitable for deep wells.

Zero fuel cost and low maintenance.

4. Eco-friendly, reducing carbon emissions
compared to diesel pumps.

5. Flexible integration with drip irrigation or
greenhouse systems.

8.6 Limitations Noted

I. Performance depends heavily on sunlight;
cloudy or rainy days reduce output.

II. Lower flow rate compared to centrifugal pumps
limits large-scale irrigation.

II1. Initial cost of solar panels and installation is
higher than conventional pumps, though

W

long-term savings are significan

CONCLUSION:

The solar reciprocating pump is a sustainable,
reliable, and cost-effective solution for
agricultural irrigation, particularly in rural and
off-grid areas. By converting solar energy into
mechanical motion, it efficiently lifts water
from deep sources using a piston-cylinder
mechanism.

Key points of the conclusion are:

1. Sustainable and Eco-Friendly: The pump
operates entirely on solar energy, eliminating
fuel consumption and reducing carbon
emissions’

2. High-Head Irrigation: Its piston-based design
allows lifting water from deep borewells (up to
150 meters), making it suitable for small and
medium-scale farming.

3. Controlled Water Delivery: The reciprocating
action provides precise flow rates, ideal for drip
irrigation and horticultural applications.

4. Low Operational Cost: Minimal maintenance
and zero fuel cost make it economical over the
long term despite higher initial investment.

5. Reliability: Simple mechanical design ensures
durability and ease of maintenance, even in
remote locations. Hybrid systems can

Final Remark: Solar reciprocating pumps represent
a practical and environmentally friendly
alternative to conventional irrigation systems,
supporting sustainable agriculture, energy
efficiency, and water management in regions
where electricity and fuel are scarce. With
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increasing government support and
technological improvements, these pumps have
the potential to significantly enhance
agricultural productivity and rural livelihoods.
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