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The Development and Test of a Low-Speed
Water Pump using River Flows as the Driving
Force

Sunardi, Jamrud Aminuddin, Kartika Sari, Wuryatmo Akhmad Sidik

Abstract: Based on previous studies, a low-speed water pump was developed, and assessed through a river flow test. The designed water pump
consists of 5 wheels, 2 pistons, and 1 valve. The 5 wheels are arranged in the same axis and chain. The first axis consists of the 1%' and 2™ wheels,
namely, 0,. The 2™ wheel is connected in the same chain, with the 3 in parallel zone as the 4", 0,. The 4" is connected to the same chain as the 5"
wheel, namely 0s. Furthermare, the 4th wheel is arranged in the same axis with the piston activator. In the pump system, there are 2 pistons for
triggering the lifter, from the lower to the higher position. The size and dimension of the whole component used in the pump system, are developed from
the previous computational studies. The testing of the converter and pump system performance, has been carried out based on the water flow condition
(v), radial speed of wheels (0,, 0., 8;), water lift height (h), and discharge of pumped water (g). The result showed that the selected size and dimension
have significant effect in some water flow conditions. However, the flow force is very influential in decreasing the pump system performance, and in lifting

water from the lower to the higher position

Index Terms: Euler-Lagrange, Piston, Pump, Runge-Kutta, Valve, Water, Wheel.

1 INTRODUCTION

Awater pump is an important piece of equipment, used in
moving fluid from a lower to higher position, through
mechanical and electrical actions, with definite change in
energy. Several types of pumps for lifting dynamic water, such
as river flow, have been developed for hydropower
optimization [1], [2], [3], [4]. A water flow pump is an energy
source, generally known as a hydraulic machine, which works
well in high-pressure water flow, while the low form does not
perform optimally [5], [6]. Therefore, the development of a new
type of pump is needed, using low speed water flow [7], [8].
Also, it is developed from hydraulic machine, with low cost and
clean energy [9]. The design and realization of an energy-
efficient water pump, with a low-speed turbine as the driving
force, is developed after studying and analyzing some physics
principles. The valve system is manipulated from the Bemoulli
principle, to activate the water, as it flows [10],[11]. The water
as an internal fluid flow, is developed in several studies and by
improving the Bernoulli model [12],[13]. The other principle
related to the driving force, is the turbine rotation. Therefore,
the method for analyzing the angular speed of energy
converter, includes numerical approximation [14], [15], [16],
[17]. A water pump with a low-speed turbine is developed,
using these principles with the river flow as a driving force. In
previous studies, a turbine water pump used a static buffer [7],
[8]. Consequently, when the river surface changes to a
different level, an adjustment of the pump position is required.
Therefore, in this study, optimization is carried out, by
replacing the static buffer with the float. This is known to
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improve the performance of water pump, with the use of
buoys, being adaptive to the change of the river flow
conditions. This study is developed from theoretical
calculations, and is improved by experimental methods.

2. METHODS

The design of the water pump, inspired by the low-speed
turbine, was initialled from the configuration energy converter
(wheels configuration). The first wheel (turbine) was connected
to an axle with the second (0;). The second wheel was
connected by a chain to the third, which was axially arranged
with the fourth (0). The rotation effect of the fourth wheel was
converted to mechanics, in a bid to trigger the piston at the
fith wheel (05). Pump testing was carried out, by determining
an ideal configuration of wheels, as an energy converter. The
dimension of the energy converter was represented in the
wheel radius scale comparison. Furthermore, experiments
were carried out using several wheels, with varying radii. At
this stage, the configuration and dimension of the wheels, is
observed to frigger a piston of the pump system. Figure 1
shows the configuration of the energy converter, which had
been developed from previous studies [7], [8].

I's

6

/)rotation speed

ri: turbine

Fig. 1. Scheme of the energy converter for driving the pump

(1
(1)

where, |-parameter is the moment of wheels inertia, involved in
the formulation, namely:

@
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The numerical solution of equation (1), is determined by the 4"
of the Runge-Kutta method. The general form of the numerical
solution is,

@)

In equation (3), the constant k, which consists of four orders, is
determined by the following formula,

The parameter h, is the result of a long division of time interval
number (N) in the form,

(8)

The length of the time interval, is the difference between the
initial period ("), and that of the end (t™). The method was
developed from some numerical analysis, related to the
energy converter [15], [16], [17]. Therefore, through the
numerical approximation, the size with dimension of the pump,
are determined and realized. Furthermore, the whole pump
performance was tested, by operating in the real river, to lift
water from the lower to the higher position. This pump was
placed on the float, which consisted four small drums,
adaptive to river flow conditions. However, this measurement
had been carried out on various river flows, and heights.
Furthermore, the parameters to be measured, are shown in
Table 1. The testing of the converter and pump system
performance had also been carried out, based on the water
flow speed (v), radial pace of wheels (0, 0,, 0;), fluid lift height
(h), and discharge of pumped water (q). Therefore, the
experimental principle is being developed, from several
studies about fluid flow [3], [8], [13].

3 RESULTS AND DISCUSSIONS

3.1 Design and dimension of the water pump

Figure 2 is the numerical analysis result, using the 4™ order
Runge-Kutta method. The angular speed of the first (r;) and
second (r.) wheels in the same axis, are marked by 0,. The
next wheel connected by a chain to the second, is the third
(ra), and is adjusted in the same axis as the fourth (r;). Both
the third and fourth wheels are expressed as 0,. The wheel
(rs), arranged in the same axis with the piston handle of the
valve system, is represented as, 0,. The numerical
approximation was then carried out, by assuming that the
driving force was at approximately, 50 N. Also, the force was
assumed, by considering the river flow at around 0.5m/s to 1.5
m/s [7], [16], [17]. The kinetic friction of the whole wheel was
adjusted around 0.5, as a consequence for the power loss of
about 50% [16], [17]. The other parameter also indispensable
in the numerical analysis, was the inertial values of the 5
wheels, as shown in Table 2, which are well determined based
on mass and radius [18]. The parameter values that have
been tested, are based on the high angular wheel rate, to

ISSN 2277-8616
TABLE 1
THE PARAMETERS HAVE BEEN TESTED TO KNOW THE PUMP
PERFORMANCE
Parameters Unit Equipment
. meter block, stopwatch,
Speed of river flow (v) mis dan light ball
Angular speed of wheels
rad/s tachometer
(04, 02, 05) )
Heigh at which water is meter block

raised by the pump
The volume of water lifted
at each time unit

thrust the handle of the piston. The piston is the trigger of the
pump's valve system, to lift water from lower to the higher
position.
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Fig. 2. The numerical analysis of the angular speed of the wheels

Furthermore, the real form of the pump system was realized
based on numerical approximation. Table 2, showed the
physics parameter related to the pump design. It is possible for
both diameter and inertial of wheels to improve in higher
dimension, by using scale comparison form. The inertial is the
parameter, which depends on the mass and radius of the
wheels [18], [19]. Although the mass is not specified explicitly,
the inertial of the whole wheel is assumed, by considering
approximations, based on the wheel's material [20]. The scale
of comparison is the multiplier used for the change in pump
size. The values in Table 2, as the converter energy design,
are confirmed to possess the ability of triggering the piston,
even though the system was driven with a small force. Figure
3 shows the scheme and real form of the pump, developed
from previous experimental and computational studies [7],
[16]. The design of the water pump consists of, 5 wheels, 2
pistons, and 1 valve. The 5 wheels are arranged along the
same axis and chain. The first axis is observed to consist of
the first and second wheels (0,). The second wheel is
connected on the same chain, with the third axially parallel as
the fourth (0.). The fourth is connected to the same chain as
the fifth wheel (0;), which is arranged in parallel axis with the
activator of the piston, for the pump system. In this pump
system, there are 2 pistons for triggering the lifter from the
lower to the higher position.
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the river flow as a driving force

Fig. 3. Scheme and real form of the water pump with |

TABLE 2
THE PHYSICS PARAMETERS OF WHEELS RELATED TO THE PUMP
DESIGN
Wheels diameter Inertial Scale comparison
(m) (kg/m)
r=0.35 0.050 1.0
r:=0.16 0.005 0.5
rs=0.12 0.002 0.3
ra=0.14 0.003 0.4
r; =0.10 0.001 0.2

3.2 The texting of the pump performance

Figure 4 shows the testing process in the river, with various
flow conditions. Testing of all pump components, had been
carried out in several river flow conditions. In this study, they
are grouped into three categories, namely, high, medium, and
low river flows. The average values of the river flow velocity
are, 1.05, 0.86, and 0.62 m/s, classified as high, medium, and
low categories, respectively. Furthermore, among the three
river flow conditions (v), the pump performance was verified
for various height, at which water is raised (h). The heights in
this experiment are, 1, 2, 3, and 4 meters, respectively. Also,
the volume of water lifted at each time unit, is measured with
the radius speed of the whole wheels (0;, 0 0)),
simultaneously. The result in Table 3, shows the average
values of the measurement process, for the fastest condition
of the river flow. The time in the second unit illustrates the
periodic length to attain 1 L (Litre) of water. Therefore, the
measurement result is converted to the volume of water, in the
unit of Litre per second (L/s). The same measurement method,
had also been applied for various hydraulic ram pumps

ISSN 2277-8616

(Hussin et al. 2017).

Fig. 4. The texting process of the pump component in
the river with various flow condition

The data in Figure 5, shows the summary of the three-river
flow, which is marked as, 1.05, 0.86, and 0.62 m/s, classified
as fast, medium, and low speeds, respectively, with the
amount of water discharge represented in litre per second
(L/s). The height with the unit of a metre (m), illustrates the
output pipe position in measuring pump performance, to lift
water from the river. The highest water discharge at around
0.09 L/s, is observed at the fast river flow (1.05 m/s), with the
output pipe height approximately 1 m. Furthermore, in the
case of the height at which water is raised at about 2, 3, and 4
m with the same river flow velocity (1.05 m/s), the pump
system's ability to lift fluid, should be around, 0.07, 0.06, and
0.05 L/s. Also, it is observed that, the pump performance for
raising water decreases by approximately 0.01 L/s, for
changing every 1 m of output pipe height. In the condition of
different river flow speeds, the pump performance decreases
at about 0.02 L/s. The result from this study, has been
compared with that of the hydraulic ram pump [21], [22].
Therefore, from this performance testing, the design and
dimension of the pump system ability to lift river water has
been observed, though it operates with low driving force.

0.10

®m1.05 m0.86 m0.62

0.08
0.06
0.04

0.02

Water discharges (L/s)

0.00

1 2 3
Heights (m)

Fig. 5. Summary of the water discharge for every height
condition depends on the river flow speed

3.3 Discussions

Designing and realizing the simple pump with the low and
green energy, have been carried out, using a turbine and valve
system. The machine was designated and developed from the
commercial pump, which used an energy converter to rotate
the trigger of the valve, for lifing water from lower to higher
position. In this study, the energy converter was manipulated,
using the turbine and the connection of several wheels, to
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trigger the simple valve. The wheels' configuration was
analyzed, using numerical methods to obtain an ideal design,
for the water pump system. From the theoretical
approximation, the design and dimension of the whole pump
were realized, and tested in real water. The experiment for
testing the water pump performance was conducted, by
measuring the real angular speed of the energy converter in
the form of wheel configuration. However, in the experiment,
the volume of water pumped, was also verified in several
conditions of the river flow speed, with the height at which
water is possibly lifted. Comparing the numerical analysis in
Figure 2 and real measurement from Table 3, there was a
deviation of angular speed. When the angular speed was
connected directly to the pisto'n (05), at around 80 rad/s from
the theoretical calculation, the real measurement was shown
at approximately 20 rad/s. Furthermore, since the numerical
analysis was assumed to be frictionless with the loss of
angular speed of about 50%, the velocity of the fifth wheel
according to the theoretical calculation, was around 40 rad/s
[15]. The condition indicated that, there was a deviation of
about 50%, between numerical analysis and experiment.
Therefore, the development of the real water pump with a
different dimension, was referred to the experiment result,
using the scale comparison. For instance, when the pump is to
be realized twice as higher than the dimension of that from this
study, the developer needs to multiply/divide the domain, with
the scale of comparison. Therefore, the whole physics
parameters shown in Table 2 were indispensable to consider,
as regards realizing the other dimension [8], [23].

4 CONCLUSION

The size and dimension of the water pump were successfully
analyzed, using computational and experimental methods.
From the theoretical approximation, the design and dimension
of the whole pump were realized and tested in the real water.
The converter testing and pump system performance, were
carried out, based on water flow condition (v), radial wheels'
speed (0;, 05 0g), fluid lift height (h), and pumped water
discharge (g). The result showed that the selected size and
dimension have significant effect in some water flow
conditions. However, the flow force was very influential in
decreasing the pump system performance, and in lifting water
from lower to higher position. To develop this pump into a
different dimension, the scale comparison is needed to be
considered, as a multiplier and divider for new size. An
indispensable verification process was performed by
comparing the system, developed in this study, and that of the
conventional pump, which is driven by a machine. Therefore,
the verification process is very important, in order to
understand the economic aspect of the pump, driven by the
river flow, with low and green energy. It is then possible to
conduct precise comparisons, within the same physics
parameter, and river conditions.
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