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Abstract

A solar water pumping system is an ideal alternative to electric water pumping system and it is useful for the
agricultural sector in Thailand. In this study, the angle of the screw pump (), the solar cell panel, the motor
speed (n) and the number of screws is varied. In the first part of the screw pump result, the volume flow rate and
the mass flow rate (m) are increased as the n and the number of screws increases. In the case of the low angle
of the screw pump, the volume flow rate and the mare higher than in the case of the high angle of the screw
pump. In the second part of the solar energy result, the solar cell panel is installed in the south-facing direction
of Nakhon Nayok province in Thailand. The temperature of the solar panel surface follows a similar trend to the
light intensity. The angle of the solar cell panel (o) is 15° and 13:00 is the time that provides the maximum light
intensity and temperature of the solar cell surface. In the last part of the performance analysis, the power and the
efficiency of the motor are increased as, the n and the number of screws increase. In addition, the solar-powered
screw pump is more feasible than the screw pump into electrical energy when used over long time periods.
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1. Introduction

Energy has become a basic requirement for our everyday life and for the global economy. Due to the
continuing growth of the world’s population and increasing living standards worldwide, energy consumption
globally is expected to jump significantly. An energy crisis is one of the issues which have imposed many
changes in the development of various technologies around the world. The supply of energy resources to an
economy is an energy crisis due to the development and population growth leading to a surge in the global
demand for energy in recent years [1]. As global temperatures and energy demand rise simultaneously,
renewable energy might possibly be used to replace the vast quantities of oil and gas [2]. A mechanical device is
a mechanical structure that uses power to apply forces and control movement. It can be driven by natural
resources, such as wind, water, oil, coal, natural gas, and sunlight [3]. A pump or water pump is one type of
mechanical device; it is a device that moves fluids or sometimes slurries, by mechanical action, typically
converted from electrical energy into hydraulic energy. The pumps can be classified into three major groups
according to the method they use to move the fluid: direct lift, displacement, and gravity pumps [4]. The pumps
operate by a reciprocation or rotary mechanism and consume energy to perform mechanical work moving the
fluid. The mechanical pumps can be used in a wide range of applications such as in the car industry for water-
cooling and fuel injection, in the energy industry for pumping oil and natural gas, or for operating cooling
towers and other components of heating, ventilation, and air conditioning systems. In Thailand, the agriculture
sectors comprise establishments primarily engaged in growing crops, raising animals, and harvesting fish and
other animals from a farm, ranch, or their natural habitats. Nowadays, water pumps are widely used in the
irrigation and agricultural development of Thailand [5]. There are several types of pumps such as centrifugal
pumps, vacuum pumps, hydraulic pumps, peristaltic pumps, diaphragm pumps, rotodynamic pumps, and screw
pumps, etc. [6]. A screw pump is a positive-displacement pump that uses one or several screws to move fluids



or solids along the screw axis. In its simplest form, a single screw rotates in a cylindrical cavity, thereby moving
the material along the screw's spindle [7]. The screw pump has several advantages such as the simple design,
open structure, and slow rotation speed which make it a heavy-duty pump with minimal wear that operates for
years without trouble. The screw pump can operate even when there is no water in the inlet. Therefore, it is not
necessary to install the level control, and the efficiency (1) curve of the screw pump is flat on the top. Due to

that efficiency characteristic, the screw pump even offers high efficiency when working at only 50% of its
capacity. Because of the low rotational speed and large opening between the flights, screw pumps do not
damage this biological flock. The screw pump requires very little maintenance and this type of pump is highly
suitable for remote locations [8].

During the past decades, several researchers have conducted investigations in order to increase the
performance of screw pumps [9-14]. Liu, et al [12] evaluated the performance of a multistage electrical
submersible twin-screw pump (ESTSP) under different operating conditions. Mineral oil and water were
selected as test liquids. The pump was tested with a maximum differential pressure of 1000 psi. The gas
volumetric fraction (GVF) varied from 0% to 85%. The flow rate capacity and the volumetric efficiency were
investigated in this research. An existing model to predict the leakage flow of the single-stage twin-screw pump
was improved by extending the application for the multistage pumps. The model showed good agreement with
experimental data under various operating conditions. Yongkang, et al [13] analyzed the theoretical model to
determine the factors affecting the performance of the piezoelectric screw pump. The geometrical parameters of
the piezoelectric vibrator were optimized by the finite element method, and a prototype was made for testing.
The results showed that under the driving frequency of 13.8 kHz, the maximum backpressure was 6.70 kPa and
the maximum flow was 750 pL /rpm. Moreover, this novel piezoelectric screw pump was simple in structure
and could maintain the state of the liquid circuit by self-locking when power was off and had higher reliability.
Renewable energy is useful form of energy that is collected from renewable resources which are naturally
replenished on a human timescale, such as sunlight, wind, rain, tides, waves, and geothermal heat [15]. Solar
power is energy from the sun that is converted into electrical energy. Solar energy is the cleanest and most
abundant renewable energy source available. Thailand has some rich solar resources but the capacity for storage
and the knowledge of solar power technology is lacking [16]. Some researchers have seriously studied solar-
powered pumps [17-27]. Chandel, et al [22] presented a comprehensive literature review of solar pumping
technology, and evaluating the economic viability, identifying research gaps and impediments to the widespread
propagation of solar water pumping systems and technology. Solar water pumping was found to be
economically viable in comparison to electricity or diesel-based systems for irrigation and water supplies in
rural, urban, and remote regions. In addition, the evolution of solar-power pumps from the past until now is
shown in Table 1. Some groups of researchers have investigated other applications such as drinking water, rural
water supply, irrigation, and power generation in order to increase the performance of water pumps, heat pumps,
and screw pumps.

Table 1 Evolution of solar-power pumps.

Country  Application Type of pump Methodology References
England  Drinking water Water pump Theoretical Short et al. [17]
analysis
China Rural water supply Heat pump Experimental Jie et al. [18]
analysis
USA Irrigation Water pump Experimental Kala et al. [19]
analysis
Japan Rural water supply Heat pump Theoretical Shin’ya et al. [20]
analysis
Jordan Irrigation Water pump Experimental Aligah [21]
analysis
India Irrigation Water pump Literature review Chandel et al. [22]
India Irrigation Water pump Literature review Vimal and Vilas
(23]
China Agricultural, industrial, and Water pump Literature review Guigiang et al.
domestic sectors [24]
China Steam generation Tandem screw Experimental Pengcheng et al.
expander analysis [25]
Italy Solar electricity generation Screw expander Mathematical Paolo et al. [26]
model
Iran Power generation Archimedes Screw Numerical Shalverdi [27]
Turbine analysis

From the above literature review, solar-power pumps were studied in several countries via several
methodologies. In the regions of Asia, pumps are used for agricultural, industrial, and domestic sectors. But the
solar-powered screw pump was not comprehensively investigated for its performance and feasibility. For
several reasons, the screw pump is investigated for a new design and this screw pump can be developed for the



agricultural sector in Thailand. All parameters are evaluated for the performance and the feasibility of the solar-
powered screw pump. In the future, solar energy for screw pumps is a promising alternative energy source
instead of using conventional electricity-based pumping systems. The Ministry of Energy of the Kingdom of
Thailand has announced ten urgent action plans for 2020 to support living expenses for Thais, maintain the
country’s energy security, and become a regional leader in the sector. Renewable power plant businesses have
for many years been promoted by Thailand’s government to reduce the heavy reliance on fossil fuels in
Thailand and to reduce the environmental impact. Solar energy is obtained from the sun’s radiation and it can be
converted to energy. In Thailand, solar energy is freely available and it is now possible to harness even more of
the solar energy that is continuously available to us due to advances in technology. The advantage of solar
energy is that it has the least negative impact on the environment compared to any other energy source. It does
not produce greenhouse gases and does not pollute the water. It allows an increase in energy self-reliance,
because as long as there is sunshine, solar energy can be deployed anywhere. This is particularly useful for
remote regions with no access to any other source of electricity, while another key factor is that of job creation.
A large part of the cost associated with solar systems comes from the installation of the panels. This contributes
to local job creation. Using solar systems boosts the economy and positively affects the local community.

2. Materials and methods
2.1 Governing equations

The continuity and Navier-Stokes equations which are coupled with the Coulomb force equation are
considered from Equation (1) and (2), respectively. They are expressed by:

vV-u=0, (1)
p{%ﬁt(ﬁ-V)ﬁ} =-VP+uV*i+F, (2

where i is waterflow velocity (m/s), p is density of water (kg/m?), p is viscosity of water (kg/ms), t is time (s), P
is pressure (N/m?) and F is motor speed (N).

The optimum design of the screw pump demands an extensive study of the performance criteria. The screw
pump is always a trade-off between the theoretical optimum and the cost needed to create it. There are two sets
of design aspects, which affect the overall geometry of the device, in the form of internal and external
parameters. The screw pump consists of a cylindrical shaft, around which a blade or rubber strap is stuck to the
cylindrical shaft. The geometry of the screw pump is like a conventional screw. The screw pump is rotated,
which traps water between two consecutive flights. This body of water is called a ‘bucket’ and is raised along
the trough as the screw turns. The water flows into the bottom of the screw, causing it to turn. The hydrostatic
pressure the water exerts on the bucket surfaces causes the screw to turn, lowering the bucket in the process
[28]. The screw pump design is based on the principles of mechanical engineering and the geometrical details of

the screw pump are shown in Figure 1 [29]. In this case, d is the inner diameter of the blade (m), L is the
length of the screw (m), and 6.

Figure 1 The geometrical details of the screw pump [29].



Each device must have the optimum values for the internal parameters for the specific external condition set.
The volume flow rate (Q) and the mare calculated from Equation (3) and Equation (4), respectively. The

maximum power (lex ) is calculated from Equation (5),

Q=knD", 3)
m=pQ, 4
Pmax = pghQ > (5)

where K is the geometrical coefficient, 1 is motor speed (rpm), D is the outer diameter of the blade (m), g is
gravity (m/s?) and h is the head of the water source (m).

The torque (T) and the mechanical power (P) of the motor are considered from Equation (6) and (7),
respectively. T ot the screw pump (1] ) is calculated from Equation (8). These are expressed as:

T=Fxt (6)
PzTazT(zﬂj, (7)
60
P
-, 8
n P (3)

where T is the radius (m) and ® is the angular velocity (s™).

The solar cell system consists of the solar cell panel, battery, solar charge controller, and power inverter. The
solar energy can be converted to the direct circuit by the solar cell panels, and the energy is stored in the battery.
A charge controller keeps the batteries from overcharging. It regulates the voltage and current coming from the
solar panels going to the battery. A power inverter is a power electronic device or circuitry that changes direct
current (DC) to alternating current (AC). The energy of the solar cell panel (E) should be measured from
Equation (9) [30].

E=AxrxHxPR,
)

where A is the solar panel area (m?), T is the solar cell panel yield (kWh), H is light intensity (Lux) and PR
is the performance ratio.

From the feasibility analysis, the payback period (PP) is a key consideration affecting policy-making
because total investment is the fundamental force driving capital investment decisions. All else being equal,
shorter payback periods are preferable to longer payback periods [31,32]. The payback period in capital
budgeting refers to the period of time required to recoup the funds expended in investment and is calculated

from Equation (10). Net return ('Y, ) is the amount received from a company’s activities, and is composed of an

initial investment ( TS), operating cost, maintenance cost, and electricity rate, after costs have been taken away
as calculated from Equation (11). They are expressed by:

and

Net return=(Initial investment + Operating cost + Maintenance cost + Electricity rate) — Return (11)



2.2 Description of the experimental setup

Schematic diagrams of the solar-powered screw pump for the experimental study are shown in Figure 2 and
it is designed using solid modeling computer-aided design. For experimental setup, the screw pump is fixed to
the cylindrical shaft. The rubber strap of the screws is rotated to the cylindrical shaft and the cylindrical shaft is
connected with the motor. The outer diameter and the inner diameter of the cylindrical shaft are 0.17 m x 0.03
m, respectively. The diameter of the rubber strap is 0.03 m (3 cm) and the length of the cylindrical shaft is 2.00
m. The belt-pulley-shaft systems are connected with the motor in order to reduce, the n. The water flow is
rotated from the bottom to the top. The water inlet receives water from the reservoir and the water outlet
transfers water to the bucket. Schematic free body diagrams of the solar-powered screw pump are shown in
Figure 2. The side view and the top view are shown in Figure 2 (A) and (B), respectively. The prototype of the
screw pump (Figure 2) for the experimental study is created using solid modeling computer-aided design
(Figure 2 C). The single screw (N = 1) and the multiple screw (N = 2 - 4) scenarios are shown in Figures 3 (A)
and (B), respectively. The experimental setup of the solar-powered screw pump is shown in Figure 4. All of the
components for the solar-powered screw pump are installed in Figure 4 (A). The main two parts of the
component are the screw pump and the solar cell panel. For the experimental setup, the solar-powered screw
pump is tested at the Chulachomklao Royal Military Academy, Nakhon Nayok province, Thailand. For Figure 4
(B), the screw pump is composed of the screw pump prototype (the rubber strap of the screws is rotated to the
cylindrical shaft and the cylindrical shaft is connected with the motor), and the belt-pulley-shaft systems are
connected with the motor. The bottom side of the screw pump is connected with the reservoir in order to receive
the water inlet. At the top side, the water outlet is transferred to the bucket and the screw pump prototype is
installed inside of the building. The solar cell panel is installed in a south-facing direction and is installed on the
outside of the building. All parameters are evaluated by the Q and the m. In this angle of inclination, the & is
varied from 15 — 75° and the a is varied from 0 — 90°, as shown in Figure 2 (A). The n is varied from 0 — 100
rpm and the number of screws (N) is varied from 1 — 4. For the max value, the number of N is increased by the
rubber strap until filling the slots, and the slots are fully filled when the number of N is 4 (N = 4). In addition,
the initial investment and payback period are compared with the solar cell energy and electrical energy. Finally,
the performance and the feasibility of the solar-powered screw pump are calculated in order to create the
suitable design for the agricultural sector in Thailand.

(A)

(©)

Figure 2 Schematic free body diagrams of the solar-powered screw pump: (A) size view; (B) top view, and (C)
an oblique view.
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Figure 4 Experimental setup of the solar-powered screw pump: (A) screw pump with solar cell panel; (B)
experimental setup.

3. Results and discussion

In this experimental setup, the solar-powered screw pump based on the difference between angles of
inclination is tested at the Chulachomklao Royal Military Academy, Nakhon Nayok province, Thailand. From
the control condition, the temperature and the relative humidity are controlled at 35 — 40 °C and 66 - 68%,
respectively. The @ and the angle of the solar cell panel (o)) are compared. Furthermore, the n and the number of
N are evaluated by the Q and the m. Finally, the performance of the power (P) and the efficiency (1) of the

screw pump are analyzed and the feasibility analysis of the solar-powered screw pump is evaluated in terms of
the initial investment and payback period.

3.1 Experimental study of the screw pump

In order to compare the effect of Q and the m, (n) is varied from 0 — 100 rpm by increments of 10 rpm, @is
varied from 15 - 75° by increments of 15°, and N is varied from 1 - 4 by increments of 1. The n and 6 are
compared with the volume flow rate, as shown in Figure 5. From Figure 5 (A) (N = 1), the volume flow rate is
slightly increased with the increasing and it is slightly different from the @ increasing. From Figure 5 (B) (N =
2), the volume flow rate is gradually increased with motor speed increasing but the volume flow rate is fairly
obviously increased with the the & decreasing. From Figure 5 (C) (N = 3), the volume flow rate is clearly
increased with motor speed increasing and the 6 decreasing. It can be seen that the volume flow rate of N =3 is
clearly higher than in the case of N = 2. At various angles of the screw pump, the volume flow rate is notably
increased as the n increases, as shown in Figure 5 (D) (N = 4). The volume flow rate is increased with the n
increasing and the volume flow rate in the case of a low angle of the screw pump is higher than in the case of a
high angle of the screw pump. It can be seen that the volume flow rate is proportional to the the n and it can also

be written as Q o n.
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Figure 5 Comparison between the volume flow rate and the n for various angles of the screw pump and

numbers of screws: (A)N=1; (B)N=2; (C)N=3; (D) N=4.

The 6 and the n are compared with the volume flow rate, as shown in Figure 6. The volume flow rate is

increased as the n increases. From Figure 6 (A) (N = 1), the volume flow rate is slightly decreased with the &
increasing and there is little difference as the n increases. From Figure 6 (B) (N = 2), the volume flow rate is
fairly obviously decreased with increasing the 6. In the case of the high number of screws (N = 3 - 4), the
volume flow rate is very obviously decreased with increasing the &, as shown in Figure 6 (C- D). So, the volume
flow rate is inversely proportional to the & and it can also be written as Q o« 1/6. In all cases, the variable
straight line for the volume flow rate is decreased with the & increasing. Figure 7 shows the n is varied from 10
— 100 rpm by increments of 30 rpm. From Figure 7 (A), the volume flow rate in the case of the low number of
screws (N =1 - 2) is clearly lower than in the case of the high number of screws (N = 3 - 4). The volume flow
rate in the case of the low number of screws (N = 1) is clearly the lowest but it can gradually increase as the the
n increases, as shown in Figure 7 (B - D). At the low number of screws (N = 1), the volume flow rate appears
low in all cases. It can be seen that the single screw (N = 1) is not a suitable design for this mechanical device
due to this design not yet achieving the highest performance. For implementation, the single screw pump is not
feasible for economic viability.
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The volume flow rate and the m are compared in Figure 8 and the @ is fixed at 45°. The number of screws is
varied from 1 to 4 by increments of 1. In all cases, the volume flow rate shows a similar trend to the m, and the
volume flow rate and the mare increased with the number of screws increasing. From Figure 8 (A) (low motor
speed (n = 10 rpm)), the volume flow rate and the m in the case of a low number of screws (N = 1 - 2) are
lower than in the case of a high number of screws (N = 3 - 4). From Figure 8 (B - C) (medium motor speed (n =
40 and 70 rpm)), the volume flow rate and the m are increased as the number of screws increases. A steep line
graph is shown in Figure 8 (D) (high motor speed (n = 100 rpm)). The volume flow rate and the m are clearly
increased as the number of screws increases. At medium to high motor speeds, the volume flow rate and the m
are shown in the straight line graph. The volume flow rate and the mare clearly increased in the case of
maximum values (number of screws (N = 4) and maximum motor speed (n = 100 rpm)). This represents the
highest performance of the design and this design is therefore the most suitable design and offers feasible
economic viability.
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Figure 8 Comparison between the volume flow rate and the m for various numbers of screws and motor speeds
when the fis 45°: (A) n= 10 rpm; (B) n =40 rpm; (C) n =70 rpm; (D) n =100 rpm.

3.2 Experimental study of solar energy

In order to compare the effect of the light intensity and the temperature of the solar panel surface, the a is
varied from 0 — 90° by increments of 15°. The solar cell panel is installed in a south-facing direction in Nakhon
Nayok province in Thailand. According to the collected data, the results are collected from 09:00 in the morning
to 15:00 in the afternoon at intervals of 1 h. The experimental period is tested under very similar weather
conditions. The collected data are investigated three times and an average score is used for these experimental
results. In the case of unfavorable weather conditions, the experimental results are abandoned. The data of the
light intensity and the temperature of the solar panel surface are measured by lux meter and digital temperature
indicator. The nine points are measured at the face of the solar cell panel and the average score is used for
collecting the data. The solar panel angle of the solar system is different depending on the location of the
experimental setup. Solar panels give the highest energy output when they are directly facing the sun. The sun
moves across the sky and will be low or high depending on the time of day. For this reason, the ideal angle is
never fixed to get the most sun reaching the panel throughout the day. In this study, solar tracking is assumed,
and an optimal tilt angle is calculated in order to study the performance of the solar-powered screw pump. The
light intensity is a measure of the wavelength-weighted power emitted by a light source in a particular direction
per unit solid angle, based on the luminosity function. The light intensity and the time at various angles of the
solar cell panel are compared, as shown in Figure 9. From 09:00 to 13:00, the light intensity increases as time
progresses, and then it is gradually decreased when the time progresses from 13:00 to 15:00. Photovoltaic glass
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can collect induced temperature by absorbing sunlight. It can generate significant electrical power and the
amount of electrical energy will depend on the performance of the collector. The light intensity from 09:00 to
13:00 rapidly increases, and after 13:00 is gradually decreased because the solar energy collection is performed
at the surface of the solar cell panel. It can be seen that most modules use wafer-based crystalline silicon cells or
thin-film cells. In addition, the light intensity in the case of o = 15° is the maximum value and in the case of a. =
90° it is the lowest value. The temperature of the solar cell surface shows a similar trend to the light intensity, as
shown in Figure 10. From 09:00 to 13:00, the temperature of the solar cell surface is increased as time
progresses, and it is gradually decreased when the time progresses from 13:00 to 15:00. In addition, the
temperature of the solar panel surface is affected by the light intensity. The light intensity and the temperature of
the solar cell surface are compared at various angles of the solar cell panel, as shown in Figure 11. The light
intensity and the temperature of the solar cell surface in the case of a = 15° provide the maximum value. So o =
15° is the suitable design for the solar cell panel installation at Nakhon Nayok province in Thailand.
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Figure 9 Comparison between the light intensity and the time at various angles of the solar cell panel.
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Figure 11 Comparison between the light intensity and the temperature of the solar cell surface at various angles
of the solar cell panel at 13:00.

From the above data, 13:00 provides the maximum light intensity and temperature of the solar panel surface.
Energy demand tends to be higher in the 11:00 - 16:00 time frame. Naturally, this is the period when the price of
electricity peaks. Solar energy happens to reach its maximum production capacity during those hours. Electricity
produced at that time has a higher value than if it was generated at night. With the additional electricity input of
solar energy, prices in those time frames could be driven down to a level close to those of night hours.

3.3 Analysis of solar-powered screw pumps

From the above experimental results, the performance of the screw pump depends on the n, the number of
screws, and the 6. The linear graph of Q and m is increased with n increasing but the linear graph of Q and m
is decreased with the angle of @ increasing. The volume flow rate and the m are proportional to the n and they
are inversely proportional to the 6. They can also be written by the straight-line graph and the correlation is
shown as Qoc m o n oc 1/8. In addition, the performance of the screw pump must be considered to create a
suitable design. In the case of the low motor speed (n = 10 rpm), the quantity of water flow is not sufficient for
the agricultural system when using a low number of screws (N = 1 - 2). The quantity of water flow is rapidly
increased with a medium number of screws (N = 3) but the quantity of water is only slightly increased with a
high number of screws (N = 4). It can be seen that the weight of the water is important in the real system. With
the high number of screws, the weight of the water is resistant to the upward flow so the quantity of water is not
clearly increased. However, a high number of screws produce better performance than a low number of screws.
In the case of the medium motor speed (n = 40 - 70 rpm), the quantity of water is increased with the number of
screws increasing. In the case of the high motor speed (n = 100 rpm), the quantity of water is clearly increased
with the number of screws increasing.

The parameters of the screw pump are investigated for both the experimental and numerical results. The
solid modeling computer-aided design is numerically investigated. In this study, @is fixed at 15° and n is varied
from 0 — 100 rpm, as shown in Figure 12. The results show that both the volume flow rate and the mare
increased as the n increases, as shown in Figures 12 (A) and 12 (B), respectively. When the number of screws is
fixed (both at N = 1 and N = 3), the linear graph shows a similar trend so simulation results have good
agreement with the experiment results. Figures 13 and 14 show the power (P) and 7 of the screw pump at

various motor speeds. The n is varied from 0 — 100 rpm by increments of 10 rpm and N is varied from 1 — 4 by
increments of 1. From the figures, the power and the efficiency are increased with the n. The power and the 1)
of the screw pump are proportional to the n, and they can also be written by the straight-line graph with the
correlation shown as P oc 77 oc n. Figure 13 shows the power of the screw pump at various angles of the screw

pump. From Figure 13 (A) (N = 1), the power of the screw pump is gradually increased with the n and it is
clearly increased with motor speed increasing as shown in Figure 13 (B - D) (N = 2 - 4). The power of the screw
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pump is fairly obviously decreased with the angle of @increasing. In the case of 8 = 75°, the power of the screw
pump is gradually increased with the n increasing. The steepness of mechanical devices is important in a real
system and that the @ increasing can reduce the water flowing upward. The n of the screw pump at various

motor speeds and angles of the screw pump is shown in Figure 14. The 1 of the screw pump is increased with
the n and the number of screws increasing. In the case of 8 = 30° (Figure 14 (A)), the i of the screw pump is

lower than in case of & = 60° (Figure 14 (B)). The steepness of mechanical devices effect, and the power and
the 1 of the screw pump are high. Furthermore, the performance and the efficiency of the solar energy depend

on the a and the time progress. The o is 15° and 13:00 provides the maximum light intensity and temperature of
the solar cell surface because it can more easily collect the light intensity and raise the temperature than in other

casces.
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Figure 12 Comparison between experimental and numerical results when #=15° and N = 1 and N =3: (A) the
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Figure 14 Comparison between the 1 of the screw pump and the n at various numbers of screws and angles of
the screw pump: (A) 8= 30°; (B) 6= 60.

The feasibility analysis for the solar-powered screw pump is calculated by the net return and payback period.
The payback period (PP) is the fundamental force driving capital investment decisions. From the calculation, the
solar-powered screw pump is compared with the screw pump into electrical energy. The solar-powered screw
pump is composed of an electric motor and screw pump prototype. The initial investment of the solar-powered
screw pump is THB 13,700 (457.06 USD) and it is divided into two main parts. The first part, the screw pump
prototype, is THB 5,300 (176.82 USD). In the second part, the solar cell test equipment is THB 8,400 (280.24
USD) and it is calculated with the solar cell panel, battery, charge controller, and the solar inverter. The
operating cost of the solar-powered screw pump is considered every 4 yrs. at THB 2,500 (83.41 USD) due to the
deterioration in battery systems. The electricity prices are not considered for the solar-powered screw pump but
are calculated for the screw pump into electrical energy. The electricity prices are the return of the solar-
powered screw pump. The Ministry of Energy defines electricity prices and the electricity prices are dependent
on many factors including government taxes. For feasibility analysis, the electricity prices are increased by
increments of THB 0.2 for every year. The operating time is 6 h per day and 22 days per month. From the
estimation, the initial payback period of the solar-powered screw pump is 7.83 yrs. when using it for 9 yrs. It
can be seen the solar-powered screw pump is more feasible than the screw pump into electrical energy when
used over long time periods.

4. Conclusion

The experiment is carried out to study the performance and the feasibility of the solar-powered screw pump
based on the different angles of inclination. The following are the conclusions of this work. For the solar-
powered screw pump, the volume flow rate and the mare increased as the n and the numbers of screws
increase, and they are increased with the € decreasing. The temperature of the solar cell surface shows a similar
trend to the light intensity. From the calculation, the solar-powered screw pump is more feasible than the screw
pump into electrical energy when used over long time periods. From the results, the linear graph of Q, m, P and
1. Finally, the P and the efficiency are increased with n increasing but the linear graph is decreased with the 6

increasing. The correlation is Q o« thec P ocmoc n oc 1/0 . This research paper can be used as guidance for the

special design of solar-powered pumps with a multiple screw design in order to develop the performance and
feasibility of conventional pumps for irrigation and agricultural development in Thailand.

5. Acknowledgements

The author gratefully acknowledges the Chulachomklao Royal Military Academy Fund for their support of
this study.

6. References

[1]  Hafiz BK, Syed JH. Energy crisis and potential of solar energy in Pakistan. Renew Sust Energ Rev.
2014;31:194-201.

[2] Irda S, Yusni IS, Bintal A, Anthoni A, Adrian H, Molecular typing of crude-oil-degrading bacterial
strains from Riau, Indonesia, Asia Pac J Sci Technol. 2020;25(02):1-9.

[3] Bose A, Henkes H, Alfke K, Reith W, Mayer TE, Berlis A, Branca V, Po S. The penumbra system: a
mechanical device for the treatment of acute stroke due to thromboembolism. Am J Neuroradio.
2008;29(7):1409-1413.



(4]
(3]

(6]
(7]

(8]

(9]

[10]
[11]
[12]
[13]
[14]
[15]

[16]
[17]

[18]
[19]

[20]

(21]
[22]
(23]
[24]

[25]

[26]

(27]

(28]

[29]

[30]

14

Xiaojing G, Jingyuan L, Hangjun L, Rongzheng W, Jichen L, Jun H. A charge-driven molecularwater
pump. Nat Nanotechnol. 2007;2:709-712.

Thanongsak I, Kamon T, Pakorn D, Warit W, Monthian S, Reyes G. Performance study of an integrated
solar water supply system for isolated agricultural areas in Thailand: a case-study of the royal initiative
project. Water. 2020;12(9):1-21.

Natthaporn R, Pichai N, Naris P. Experimental studies of a new solar water heater system using a solar
water pump. Energy. 2008;33(4):639-646.

Rébiger IK, Maksoud TMA, Ward J, Hausmann G. Theoretical and experimental analysis of a multiphase
screw pump, handling gas-liquid mixtures with very high gas volume fractions. Exp Therm Fluid Sci.
2008;32(8):1694-1701.

Ohbayashi T, Sawada T, Hamaguchi M, Miyamura H. Study on the performance prediction of screw
vacuum pump. Appl Surf Sci. 2001;169(621):768-771.

Marcus VCA, Jader RB, Alvaro TP, Fernando AR. Fluid flow in a screw pump oil supply system for
reciprocating compressors. Int J Refrig. 2011;34(1):74-83.

Jian X, Quanke F, Weifeng W. Geometrical design and investigation of a new profile of the three screw
pump. J Mech Des Trans ASME. 2011;133:(9)1:1-5.

Buysse D, Mouton A.M, Baeyens R, Coeck J. Evaluation of downstream migration mitigation actions for
eel at an Archimedes screw pump pumping station. Fish Manag Ecol.2015;22:286-294.

Liu P, Morrison G, Patil A. Experimental and analytical investigation of a novel multistage twin-screw
pump. J Mech Des Trans ASME. 2019;141(12):1-25.

Yongkang Y, Chunhua Z, Fagang Z, Liang W, Zilong Y, Jiamei J. Design and investigation on a novel
piezoelectric screw pump. Smart Mater Struct. 2020;29(8):085013.

Yonggiang Z, Bowen Z, Hongling H, Shengdun Z. Performance analysis of embedded tri-screw pump
based on computational fluid dynamics. J Mech Sci Technol. 2021;35:601-614.

Nicholas K. Blue technology-the water-energy interrelationship renewable energies and nutrient
recovery. Asia-Pacific J Sci Technol. 2016;21(02):102-109.

Kane M, Larrain D, Favrat D, Allani Y, Small hybrid solar power system. Energy. 2003;28:1427-1443.
Short TD, Oldach R. Solar powered water pumps: the past, the present-and the future?. J Sol Energy Eng.
2003;125(1):76-82.

Jie J, Gang P, Tin TC, Keliang L, Hangfeng H, Jianping L, et al. Experimental study of photovoltaic solar
assisted heat pump system. Sol Energy. 2008;82(1):43-52.

Kala M, Steven F, Sadru U. Solar photovoltaic water pumping for remote locations. Renew Sust Energ
Rev. 2008;12(2):472-487.

Shin YO, Seizi W, Balaji R. Operation method study based on the energy balance of an independent
microgrid using solar-powered water electrolyzer and an electric heat pump. Energy. 2011;36(8):5200-
5213.

Aligah MA. Design of photovoltaic water pumping system and compare it with diesel powered pump.
Jordan J Mech Ind. 2011;5(3):273-280.

Chandel SS, Naik MN, Chandel R. Review of solar photovoltaic water pumping system technology for
irrigation and community drinking water supplies. Renew Sust Energ Rev. 2015;49:1084-1099.

Vimal CS, Vilas R.K. Solar photovoltaic water pumping system - a comprehensive review. Renew Sust
Energ Rev. 2016;59:1038-1067.

Guiqiang L, Yi J, Akramb MW, Xiao C. Research and current status of the solar photovoltaic water
pumping system- a review. Renew Sust Energ Rev. 2017;79:440-458.

Pengcheng L, Jing L, Ronghui T, Yandong W, Gang P, Bin J, et al. Thermo-economic evaluation of an
innovative direct steam generation solar power system using screw expanders in a tandem configuration.
Appl Therm Eng. 2019;148(5):1007-1017.

Paolo L, Giuswppel L, Amedeo A. Modeling and energetic-exergetic evaluation of a novel screw
expander-based direct steam generation solar system. Appl Therm Eng. 2019;155(5):82-95.

Shalverdi K, Loni R, Ghobadian B, Monem MJ, Gohari S, Marofi S, et al. Energy harvesting using solar
ORC system and Archimedes screw turbine (AST) combination with different refrigerant working fluids.
Energy Convers Manag. 2019;187:205-220.

Rabiger K, Maksoud TMA, Ward J, Hausmann G. Theoretical and experimental analysis of a multiphase
screw pump, handling gas—liquid mixtures with very high gas volume fractions. Exp Therm Fluid Sci.
2008;32(8):1694-1701.

Shaun RW. Analyzing the performance of the archimedes screw turbine within tidal range technologies,
Master Dissertation [Thesis]. Lancaster: Lancaster University; 2015.

Rauschenbach HS. Solar cell array design handbook: the principles and technology of photovoltaic
energy conversion. 1% ed. New York: Springer; 2014.



15

[31] Farris PW, Neil TB, Phillip EP, David JR. Marketing metrics: the definitive guide to measuring
marketing performance. 2™ ed. New Jersey: Pearson Education, Inc.; 2010.

[32] Suttinee J, Kuaanan T. Economic analysis of water heating technology in Thailand. Asia-Pacific J Sci
Technol. 2016;21(04):1-6.



