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ABSTRACT

Solar powered systems have been built for various applications ranging from public lighting to water supply units but
robust efforts have not been made in the development of pumping systems that can effectively replace the manually
operated pumps used in field applications. Designing a machine that can pump the fluid without the need of so much
energy on the part of the operator as well as boycott the use of direct electricity will hence be a reasonable contribution
to field of maintenance and other relevant fields where such pumps will be required. The methodology adopted for
this study involves detailed system design and analysis of a prototype of the pump system for actual implementation.
In respect to the energy source, a Solar Photovoltaic system has been developed which is backed up by a battery bank
such that the system can function effectively even when disconnected from the PV array. A 65 W PV panel was used
alongside a 36 Ah battery bank. The system is designed to be a 12 V DC Charging system and 220-230V AC supply
system. A 500 W DC to AC power inverter was used to achieve the transition for implementation. A review of pump
technologies and alternative energy applications (Solar Photovoltaic energy technologies) in the study location was
undertaken. Finally, the characteristics relationship between the flow rate and the head of the solar powered pump
was determined and represented on a graph. It was observed from the graph that the rate of change of the flow rate is
inversely proportional to the increasing head. And the highest flow rate is obtained when the head is 0.25m with a
corresponding flow rate of 0.040 m?/s and highest efficiency of 91.153%. The outcome of this study will find useful
applications as well as give reasonable contribution to the field of maintenance, and other relevant fields where such
pumps will be required such as vegetable and palm oil production companies.
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I. INTRODUCTION Maintenance field where liquids — oil and coolant — are

needed to be transferred from their containers into

(Mario, 2001). This project models a portable solar
powered suction pump. Pumps are devices that
transfer fluids (liquid or gas) from one point to another
through some mechanical means. Pumps generally
have being in use for centuries in different fields of
application and most especially in the engineering field
(Vijaypratap, 2017). The project intends to bridge the
gap between a manually operated rotary pump and an
extremely sophisticated liquid transfer pumps.

Transfer of liquids can be very difficult, time

consuming and frustrating especially in the automotive
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different parts of the machines for proper lubrication.
Fluids used, many a time, are needed to be contained
such that there will be no spillage, hence, the need for
a safe transfer of such fluids through a closed cross
section. Pumps operate by some mechanism (typically
reciprocating or rotary), and consume energy to
perform mechanical work by moving the fluid. Pumps
operate via many energy sources, including manual
operation, electricity, engines, or wind power, come in

many sizes, from microscopic for use in medical
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applications to large industrial pumps (Woodford and
Chris, 2008).

When it comes to field applications where electricity
may not be available or the use of electrically powered
pumps may be hazardous because of sparks, making
electricity powered pumps less efficient. However, in
the use of hand operated pumps so much energy is
required to be imputed on the part of the operator.
Designing a machine that can pump the fluid without
the need of so much energy on the part of the operator
as well as boycott the use of direct electricity will
hence be a reasonable contribution to field of
maintenance and other relevant fields where such

pumps will be required.

II. METHODS AND MATERIAL

The solar powered oil pump which is intended to drive
and transfer fluids from one point say from a container
into other points where it is needed is made up of the

following parts to complete the full assembly :

A rotary vane pump which consists of: pump housing,
rotor, vanes, springs and also a solar panel, a motor unit,
a switch for the control and pipes to be used for suction

and discharge of the liquid.

The solar charging unit consists mainly the solar array

panel grid, the charge controller, and electrical panels.

2.1 Rotary Vane Pump

The type of pump used is the rotary vane pump. This
is due to the reason that it is the cheapest type of pump
available. The schematic of the rotary vane pump has

been provided in Fig. 1.
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Figure 1. The schematic of a typical rotary vane
pump

2.2 The Charging Unit

The charging unit consists of a unit where the pump
can be charged. This will give room for the mobility of
the pump especially in field applications. This unit
consists of the panel array, the mounting pole(s), the
connecting cables and the charging controller.
Electricity from solar photovoltaic panels is direct

current (dc). It does not change voltage or polarity.
2.3 The Charge Controller

Without a charge controller the panels can force too
much electricity into the battery and overcharge it.
When a battery is overcharged, it loses water rapidly,
gets hot and may be damaged. Figure 2 shows the real-
life view of the charge controller. Figure 3 illustrates

how charge controller links up with the solar panels.

Figure 2. The charge controller
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| Charge Controller

Figure 3. The charge controller as connected to the
battery and panel

2.4 The Battery

The battery stores electricity produced by a solar panel
for later use. It is an important part of solar PV systems
that supply electricity at night or other times when the
solar panel is not producing power. The battery is one
of the most expensive parts of a PV system. It also has
the shortest life and is easily damaged by poor
maintenance or incorrect use. The type of battery most
often used in a PV system is called a lead-acid battery.
Other types includes: Spark-ignition, Deep Cycle, Li-
ion battery among others. The battery used here is a
12V battery which is a single unit battery (can also be
connected in series or parallel) in order to get the

required amperage to power the system.

‘ F - — ¥

.0" ...‘._"‘~. .‘.' . .. ;

Figure 4. The 36Ah battery employed in the system
(This is a spark-ignition battery)

2.5 The Inverter
The pump to be driven is an AC powered pump, hence
the need to convert the direct current obtained from

the solar panels to alternating current for pump use.
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Flgure 5. The 500W inverter and its connecting
probes
2.6 Solar Panels
The amount of power to be developed in the system
was determined with the calculations as provided in
latter sections. The sizing of the suitable solar panels

was also carried out.

2.7 Basic Calculations carried out to Determine
Component Specifications
Below is an overview of the ratings and specifications

of the components to be implemented in the design:

Motor type: Brushless AC Motor

Voltage: 12V

Torque: This lies within the range 0.5Nm — 1.5 Nm
Continuous current (A): This lies within the range
2.1A-8.7A

Voltage: 220-230V

Continuous current (A): 0.22A

Power: 30 W.

However, at the initial pick up of the pump, it will use
three times the indicated value which for this pump is
90 W (i.e. 30 x 3). In order to give space for an upgrade
as well as safety margin; 150 W value of power is

considered.

The flow rate: Q is approximately 1 L/cycle or 0.001

m?/cycle

Q=1 liter/cycle
=0.001m3/cycle
Estimated number of turns per minute for the

manually operated pump is given as:
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N =40 rpm

Hence the flow rate can be obtained as:

Q =0.001m%cycle X 40 rpm
= 0.04 m%min
= % m?3/s

Q = 6.667 x 10-* m%/s

Hence, the flow rate obtained by the manual pump is

approximately equal to 6.667 x 10-4 m3/s

Power required to drive the pump is given by the

equation:

P =pgHQ
where,

(1)

P is the input power required to drive the pump (W)
p is the density of the fluid to be pumped (kg/m3)

H is the height / head of the fluid to be pumped (m)

g is the acceleration due to gravity (m/s?)

Q is the volume flow rate of the fluid involved (m?3/s)
The density is assumed to be that of a highly dense
fluid of about 1500 kg/m? density.

The height is assumed not to be more than 2 m based
on the intended areas of application.

The acceleration due to gravity is a standard value
which is equal to 9.81 m/s?

Hence, the power, P can be estimated from equation (1)

as:

P=1500x9.81 x2 x 6.667 x 10*
P =19.62 watts

Hence, the power expended in driving the pump

manually is about 20 watt power.

For the solar-powered system:

The desired speed is 5 times the speed of the manually
operated pump. This implies that for a minute, the
desired number of turns will be 40 turns x 5. And that

gives 200 turns for a single minute. This is done in
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order to specify the speed of the motor required to

power the pump. The speed of the motor is then 200
rpm.

Maintaining all other parameters as stated above, the

required flow rate then becomes :

Q=0.001x200=0.2
0.2

60
Q =0.00333 L/cycle or m3/cycle

Hence, the power, P can be estimated as:

P =1500x9.81 x2 x0.00333
P =98.1 watt

Taking note of the efficiency: For the efficiency of 70
percent: (0.7)

Hence, the power becomes:
P

T 07
=81 140142 W
0.7

From the pump motor specifications, the power
required is 30 W, which is the lower band of the power
required by the motor. (P = 150 W)

Maximum current (A) I;;,4, =0.25 A

Voltage V' = 220-230V

Thus, for two (2) hours, Energy required to power the

motor is given by:

P=150W
E=Pxt )
where,

E is energy required to power the motor

P is power required by the motor

T is time required for system to be in operation
E=150x2
E =300 Wh
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Hence, the energy required to run the motor for 2

hours is 300 Wh.

To further determine the battery capacity, the battery

capacity is measured in Ampere Hours (Ah),

Energy from battery = Battery voltage x Battery
capacity

(3)

Hence, the Battery capacity =

Energy required from battery

Battery voltage
(4)
B 300Wh
h 12V
Recall, P =1V (5)
W=AxV (6)
E=Pxt=AxVxh (7)
Energy Pxt _AxVxh
Volt v T
=Ah

Hence, Battery capacity is 25 Ah

Battery specification: 25Ah / 12V battery

However, for safety reasons, considering a level of
tolerance and market availability of the battery a
battery capacity of 36 Ah capacity will be used. The
battery specification to be used is 36 Ah /12 V.

To determine the size or capacity of the charge

controller, the equation 8 is suggested by:
Charge controller = 1.3 x I, (8)

where, 1.3 is a constant value determined by a control

factor
I is the short circuit current

The Pulse with modulation was then obtained as

follows:
Charge controller = 1.3 x I,

where, I;.=7.7 A
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=10A/ 12V

Hence, the capacity of the charge controller needed
to control the charges that get in and out of the battery
is about 10A/12V controller.

III. RESULTS AND DISCUSSION

The specification of the electromechanical pump is

shown in Table 1:

TABLE 1
Desired flow rate (Q) 0.00333m?/s
Rated voltage (V) 220 - 230

volts (AC)

Maximum  Short  circuit | 7.7 A
current ( Is)
Speed of rotation (N) 200 rpm
Frequency 50 Hz
Maximum power output 150 W
Maximum head (H) 2m
Maximum fluid density (pmax) | 1500Kg/m?3
Acceleration due to gravity (g) | 9.81m/s?
Designed efficiency 70%

SPECIFICATIONS OF ELECTROMECHANICAL
PUMP

The pump specifications as obtained via calculations

have been provided in Table 2.
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TABLE 2
CALCULATED PUMP SPECIFICATIONS

The equation that relates the power to other
parameters of the pump is given as:
P =pgHQ &)
We have the head coefficient as well as the flow
coefficient of the pump. The head (H) of the pump
related with the flow rate of the pump as shown in the
relation:
Q=k/H (10)
The flow rate is inversely proportional to the head such
that the higher the head, the lesser the flow rate of the

pump.

The maximum theoretical head has been designed to

be 2 m based on the desired area of application.

However, by varying the head at an interval of 0.25
steps, we can obtain the flow rate as tabulated in the
table below taking other parameters of the relation as

a constant. The obtained data has been provided in

Table 3, and Fig. 6 shows the result of the plotted graph.

TABLE 3
VARIATION OF THE HEAD COEFFICIENT AND
THE FLOW COEFFICIENT OF THE PUMP

Head (H) Flow rate (Q)
0.25 0.03956
0.50 0.01978
0.75 0.01318
1.00 0.00989
1.25 0.00791
1.50 0.00659
1.75 0.00565
2.00 0.00494
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Motor type Brushless AC motor
Rated voltage 220 — 230 volts (AC)
Continuous current 022 A

Rated power 30 W

Frequency 50 Hz

Startup power 100 W

Graph of Discharge Against Varying Head
0.04500

0.04000

0.03500 \
0.03000 \
0.02500 \

Flow rate 'Q' \
0.02000 \
0.01500
0.01000

0.00500 \
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0.00 050 100 150 2,00 250
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Figure 6. Graph of discharge against varying head

The relation used to obtain the values of the flow rate
is given by:
Q= P/pgH
P=971W
Pmax= 1500Kg/m3

(11)

Considering different types of fluids having different
density and viscosity, we can obtain the relationship
between the flow rate of the fluid and the density and
viscosity of the different types of fluids. The flow rate
is inversely proportional to the density as well as the
viscosity of the fluids that is being considered. The

fluids considered, their density and viscosity are shown
in Table 4.

TABLE 4
A TABLE SHOWING THE POSSIBLE FLUIDS THAT
COULD BE TRANSFERRED
Fluid type

Density
(kg/m?)

Viscosity
(mPa.s)
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The obtained data while considering different fluids
and discharge per time has been provided in Table 5,

and Fig. 7 shows the corresponding result of the

Water (fresh) 1000 0.89 coolant 1113.2 0.00445
Water (salt) 1030 0.91 Cooking oil 920 0.00538
Liquid oxygen(at | 1141 0.59

about -219%) 000800

Sodium 970 0.72 000700 A

Glycerol 1216 1.41 T ==
Diesel 900 0.55 Flow rate 'Q’ 0.00:00 N/ v
Petrol 719.7 0.60 000300

Engine oil (at 888.1 0.51 zj

20%) S
Hydraulic oil (at | 880 0.50 ‘%q\ 5 fev
15.6%) Q\&bc& Density (Kg/m3) %@i&"’i\ "
Transmission oil 833.3 1.22 Figure 7. Graph of discharge against varying density
(a 70%) (Different fluid types)

coolant 1113.2 1.30

Cooking oil 920 0.45 Characteristics table for the pump can be obtained has

been provided in Table 6. The corresponding
graphical representation has also been provided in
Fig. 8.

TABLE 6
plotted graph. CHARACTERISTICS TABLE FOR THE PUMP
Head (H) | Flow rate Efficiency
VARYING DISC';?;EESCONSIDERING Q o)
2.00 0.03956 91.153
DIFFERENT FLUID TYPES
Fluid type Density Flow rate 2.00 0.01978 82.305
(kg/m®) | (md) 2.00 0.01318 73.445

Water (fresh) 1000 0.004595 2.00 0.00989 64.611
Water (salt) 1030 0.00480 2.00 0.00791 55.752
Liquid oxygen(at about | 1141 0.00434 2.00 0.00659 46889
2219%) 2.00 0.00565 38.053

2.00 0.00494 29.150
Sodium 970 0.00510
Glycerol 1216 0.00407
Diesel 900 0.00550 _ ooss [
Petrol 719.7 0.00688 ! oo //
Engine oil (at 20°) 888.1 0.00557 oo /

o VA
Hydraulic oil (at 15.6%) | 880 0.00562 ‘ D:: /
0.005 - /

Transmission oil (at 833.3 0.00594 D S e S S S S SRS MU SRR
700) Efficiency (%)
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Figure 8. Graph of discharge against efficiency at a

constant head

IV. CONCLUSION

The fabricated system is of great aesthetical value, cost-
effective and troubleshooting compliant. The designed
system has also been able to meet up with the
objectives earlier stated in the introduction, the
Chapter One of this write up. The fabricated system
has been able to bridge the gap between hand operated
pumps and electric power based pumps, by combining
the characteristics of easy fluid transference with a

discharge of up to 21 1/min and a solar energy source.

Manually operated rotary vane oil pumps are less
efficient and require the use of much man power to
drive them, while sophisticated electricity powered at
the other end are expensive and may not be feasible for
use especially while maintaining equipment in the
field. The need for the provision of a faster and more
efficient means of fluid transfer from one point to
another without the need for manual operation or grid
electricity inspired the work of this project. This has
been achieved by combining the effectiveness of a
locally sourced pump and Solar Technology to design
and fabricate a product that performs the desired

function.

The importance of making shift in the source of energy
to power most of the mechanical systems that are being
used which is made cost effective has been put forth
and utilization of solar power in providing the energy
source in place of the conventional electricity is
implemented. In respect to the energy source, a Solar
Photovoltaic system has been developed which is
backed up by a battery bank such that the system can
function effectively even when disconnected from the
PV array. A 65 W PV panel was used alongside a 36 Ah
battery bank. The system is designed to be a 12 V DC
Charging system and 220 -230V AC supply system. A
500 W DC to AC power inverter was used to achieve

the transition for implementation. On the other hand,
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a portable 30 W, 0.22 A fluid transfer drain pump was
used; the detailed design calculations of the solar
system requirements and the required power of the
pump was done in the write up; a model was designed
and a prototype was fabricated. Performance
evaluation was carried out and the obtained results are
accurately determined and shown in the report. Water
was used as the sample fluid for the analysis and
performance evaluation carried out on the fabricated
pump. Also the discharge and charging rates of the
battery was evaluated. The evaluation shows the
different rates of flow (discharge) at different heads of
which it was deduced that the rate of flow is inversely
proportional to the head of the pump. The efficiency
of the pump increases as the flow rate increases and
was maximum at a head of 0.25 m with the efficiency

of 91.153%.

The result at the end of the project is a pump that can
be operated at the most convenience of the operator
which will not need the use of electricity as well as
eliminate the use of manpower as a drive. This gives a
remarkable contribution to the relevant industries,
field work and several small scale bases where it can be

adapted for use.

Nomenclatures

A Amperes

E Energy (Wh)

g acceleration due to gravity (m/s?)
H height (m)

L Length (m)

P Power

Q Flow Rate (m?/s)
t time (secs)

\Y% Voltage

AW Watt

Wh Watt Hour
Greek Symbols

p Density (Kg/ m?
Abbreviations
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AC
DC

Imax
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Alternating current
Direct Current
Maximum Current

Short Circuit current

V. REFERENCES

(JICA), J. L. (2006, October). Master Plan Study
for Utilization of Solar Energy in the Federal
Republic of Nigeria . Operation Manual, PV
Ststems manual for users and Engineers. Nigeria:
Japan International Cooperation Agency (JICA).
A .M. Muzathik, W.B.W. Nik, M.Z. Ibrahim, K.B.
Samo, K. Sopian, and M.A. Alghoul. (2011).
Daily Global Solar Radiation Estimate Based On
International Journal of
Mechanical and Materials Engineering (IJ]MME),
75-80.

Ashok.C.Meti. (2018). Charging & Starting
Systems. Bangalore: M.S Ramaiah School of

Sunshine Hours.

Advanced Studies.

Bird, J. (2007). Basic Engineering Mathematics.
New York: Elsevier Ltd.

Bird, J. (2007). Engineering Mathematics, Fif th
Edition,. New York: Elsevier Ltd.

Budihardjo I., Morrison G. L. and Behnia M.
(2007).

waterin-glass evacuated tube solar collectors.

Natural circulation flow through
Solar Energy.

CARLSSON, J. (2006). Design of the Electric Oil
Pump. Luled : Department of Applied Physics
and Mechanical Engineering, Luled University of
Technology.

Chadwick, D. G. (1980, April). Design of a Cost
Effective Solar P owered W ater. Retrieved from
Utah State University DigitalCommons@USU :
http://digitalcommons. usu.edu/water_rep/569
Chris Callahan and Ben Waterman. (2013, May
16). Solar Water Pumping Basics. Retrieved from
newfarmerpject.wordpress.com:
http://newfarmerpject.wordpress.com/2012/06/1

4/solar-water-pumping-basics

[10].

[11].

[12].

[17].

[18].

Chuanlin Jin, B. W. (2011). Energy Conversion
Stage Design of Solar Water Pump in a
Nanofiltration System. Energy Procedia, 1049 —
1052.

Chuanlin Jin, Bingxing Wang, Dongliu Jiang,
Wei Jiang. (2011). Energy Conversion Stage
Design of Solar Water Pump in a Nanofiltration
System . Energy Procedia, 1049 — 1056.

C. O. Osueke, P. Uzendu and I. D. Ogbonna.
(2013). Study and Evaluation of Solar Energy
Variation in Nigeria. International Journal of
and  Advanced

Emerging  Technology

Engineering, 501-505.

. Crown Battery Mfg. Company. (2007). Deep

Cycle Battery Handling, Maintenance and Test

Procedures. Fremont: Crown Battery Mfg.

Company.

. Dave Umang Y., Nena Vivek, Thakor Nirmal,

Parmar Krunal. (2016). Solar Powered

Reciprocating Pump. International Journal of
Scientific and Research Publications, 274-278.

. Deepa A B and Prof. Maheshkant pawar. (2014).

Simulation of Solar Powered PMBLDC Motor
Drive. International Journal of Engineering

Development and Research (www.ijedr.org),
Volume 3, Issue 1 | ISSN: 2321-9939.

. Dr.-Ing. Alessandro Malvasi, Dr.-Ing. Raffaele

Squarcin, Dipl.-Ing. Giacomo Armenio, Dipl.-
Ing. Achim Brommel. (2014, March). Design
Process Of An Electric Powered Oil Pump.
autotechreview, pp. 36-39.

Emmanuel, B. V. (2009). Solar Pv System Sizing.
Nairobi: Of Electrical And

Information Engineering, University Of Nairobi

Department

Engineers, N. (2018). Solar Water Pumping
System Design & Features. Lahore: National

Enginers.

. Georg Komposch and Berthold Eger. (2015).

operation manual for oil lubricated — rotary vane

vacuum pump Alber Fezer

Maschinenfabric GmbH.

Esslingen:

[ g5 L



[271.

[28].

International Journal of Scientific Research in Science, Engineering and Technology (www.ijsrset.com)

Adekoya Oluwaseun Abiodun et al Int J Sci Res Sci Eng Technol. September-October-2019; 6 (5) : 287-297

. GmbH, A. F. (2015). Operation Manual for Oil

lubricated - rotary vane vacuum pumps. Europe:
FEZER.

. GmbH, W. W. (2002, October 15). Operation

manual . Rotary Hand Pump / Barrel Pump Fuel
Oil and Diesel Pump, pp. 1-4.

. Hilleret, N. (2001). Mechanical Pumps. In N.

Hilleret, Mechanical Pumps (Pp. 25-36). Geneva,

Switzerland: Cern.

. iller, D. M. (1984). Pressure and Head Losses in

Pipes and Ducts. New York.

. J.F., G. (2014). Pump Types and Performance

Data. In G. J.F., Pump Types and Performance
Data (p. p. 714). illus: Springer.

. Jana, K. (2004). Starting, Lighting & Ignition

(SLI) Drycell battery guide. Warrensburg:

EnerSys.

. Kaushik S.C., Singhal M.K. and Tyagi S.K. (2001).

Solar  collector technologies for power

generation and space air conditioning
applications — a state of the art internal report.
Delhi, India.: Centre for Energy Studies; Indian
Institute of Technology.

Kishta, A. M. (2002). Designing , modeling , and
testing a solar water pump for developing
countries. lowa State University: Retrospective
Theses and Dissertations.

Mehmet Ali Kallioglu, Hakan Karakaya, Ali
Serkan Avci. (2015, June 1). Analysis Of
Sunshine Hours And Global Solar Radiation For
Mardin  Of
ResearchGate: https://www .researchgat e.net

/publ i cat i on/316514989

Turkey.  Retrieved from

. Melodi A.O. and Famakin S.R. (2011). Solar

Energy Potential for Domestic Electricity

Generation in Akure, Nigeria. Journal of

Emerging Trends in Engineering and Applied
Sciences (JETEAS), 687-692.

. Melodi, A.O. And Arowolo, A.I. (November

2015). Modeling and Characterization of Solar
Panel for Local Use as Laptop Computer Source
in a Nigerian Academic Institution. Journal of
Sustainable Technology, Vol. 6, No. 2 pg 1-9.

[31].

[39].

[40].

Mick Healey, Laura Lannin, Arran Stibbe and
James Derounian. (2013, July 20). Developing
and enhancing undergraduate final-year projects
A National
Fellowship Scheme project publication, pp. 1-94.

and dissertations. Teaching

. Milnes, M. (2018). The Mathematics of Pumping

Water . AECOM Design Build: The Royal

Academy of Engineering.

. Miss. Vibha P.Pode, Prof.S.V.Channapattana,

Prof.A.A.Bagade. (2015).
Performance of Centrifugal Pump through CFD

Evaluating

while Modifying the Suction Side for Easting
Discharge. International Journal of Scientific and

Research Publications,, 1-6.

. Mohammed, O. ( 2017, July 25). ResearchGate.

Retrieved from www.researchgate.net:

https://www.researchgate.net/publication/31867
2582

. Morrison G.L., Budihardjo I., Behnia M. (2005).

Measurement and simulation of flow rate in a

water-in-glass evacuated tube solar water

PUMP. Delhi, India.: Solar Energy, 78:257-267.

. Morrison G.L., Budihardjo I., Behnia M. (2005).

Measurement and simulation of flow rate in a

water-in-glass evacuated tube solar water

PUMP. Delhi, india: Solar Energy, 78:257-267.

. Nikita Bavishi and v. (2017). Design and CFD

Analysis of Liquid Ring Vacuum Pump.
International Journal of Advance Engineering

and Research Development, 457-464.

. Nwobi E.U. Ajide O.O. and Abu R. (June-2014).

Design And Cost Analysis Of A 0.75kw Solar
Powered Water Pumping System. International
Journal of Scientific & Engineering Research,
Volume 5, Issue 6, ISSN 2229-5518.

Revan Kumar, Dastagiri Reddy and Nagabhaskar
Reddy . (2012). Analysis Of Non-Linear Robust
Control Strategies Of Switch Mode Dc To Ac
Inverter With Reactive Load. International
Journal of Engineering Research and
Applications (IJERA) , 881-888.

S.S. Chandel, M. Nagaraju Naik, Rahul Chande.

(2015). Review of solar photovoltaic water

[ o0 L



[47].

International Journal of Scientific Research in Science, Engineering and Technology (www.ijsrset.com)

Adekoya Oluwaseun Abiodun et al Int J Sci Res Sci Eng Technol. September-October-2019; 6 (5) : 287-297

pumping system technology for irrigation and
community drinking water supplies. Renewable

and Sustainable Energy Reviews , 1084-1099.

. Shahidul I. Khan, Md. Mizanur R. Sarkar and

Md. Quamrul Islam. (December 2013). Design
And Analysis Of A Low Cost Solar Water Pump
For
Mechanical Engineering, Vol. ME 43, No. 2 pg
98 - 102.

Irrigation In Bangladesh. Journal of

. 2Singh, V. R. (2014). Pumping of Water. Int.

Journal of Engineering Research and

Applications, 216-220.

. Suhagiya Falcon, Seju Nirav, Dave Siddharth,

Patel Vashishtha and Diptesh Patel. (2015).
Development of Solar Powered Water Pumping
IJIRST

Innovative Research in Science & Technology,
493-502.

System. —International Journal for

. Trojan Battery Company. (2013). Deep Cycle Gel

Batteries. Santa Fe Springs: Trojan Battery
Company.

. United States Department of Agriculture. (2010,

October).
Service. Design of Small Photovoltaic (PV) Solar-

Natural Resources Conservation

Powered Water Pump Systems. Portland,

Oregon, United States: USDA.

. Vijaypratap R Singh, M ] Zinzuvadia, and Saurin

M. Sheth. (2014). Parametric Study and Design
Optimization of Centrifugal Pump Impeller-A
Review. Int. Journal of Engineering Research
and Applications , 216-220.

Vishal Birajdar and Ankush Biradar. (Jan-2018).
Design and Analysis of Oil Pump for Improving
its Efficiency in I. C. Engine. International
Research Journal of Engineering and Technology
(IRJET), Volume: 05 Issue: 01 p-ISSN: 2395-
0072.

. Wade, H. A. (2003). Solar Photovoltaic Systems

Technical Training Manual. Paris: United

Nations Educational.

. Wandre, V. B. (2015). Solar photovoltaic water

pumping system for irrigation. African Journal of

Agricultural Research, Vol. 10(22), pp. 2267-
2273.

. Woodford, C. (2016, January 25). Pumps and
compressors. Retrieved from. Retrieved from
Pump Classifications:

http://www.explainthatstuff.com/pumpcompres
sor

[51]. World Bank Group. (2018). Solar Pumping - The

Basics. Washington, DC: International Bank for
Reconstruction and Development / The World

Ban.
Cite this article as :

Adekoya Oluwaseun

Oluwatimilehin Ebenezer,

Abiodun,
Ogunniyi

Oluwajire
Emmanuel
Abidoun, "Design, Modeling and Fabrication of a
Portable Solar Powered Suction Pump for Use in
Industries and Autoclinics", International Journal of
Scientific Research in Science, Engineering and
Technology (IJSRSET), Online ISSN : 2394-4099, Print
ISSN : 2395-1990, Volume 6 Issue 5, pp. 287-297,
September-October 2019. Available at doi
https://doi.org/10.32628/IJ]SRSET1196559

Journal URL : http://ijsrset.com/IJSRSET1196559

[ g7 L


https://doi.org/10.32628/IJSRSET1196559
http://ijsrset.com/IJSRSET1196559

