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o
Abstract

This study evaluated the performance of small-scale screw Archimedes turbines for mobile phone
charging in low-head rice fields. Field tests were carried out at £0.60 m head with an average discharge
of 0.0369831 m3/s. The parameters measured include discharge, torque, revolution, turbine power,
generator output power, and battery charge profile. Hydraulic power was recorded at 216.808 W, turbine
power was 17.9785 W at 931 rpm, and peak generator power was 27.84 W. The system charged the
battery from 0% to 100% in 180 minutes with a constant current phase at the beginning and a near-full
current drop. The overall efficiency of hydraulic power reaches 12.85%. The results demonstrate the
feasibility of utilizing off-grid microhydro systems on agricultural land. Recommendations include
optimization of blade geometry, tilt angle, transmission, and use of DC-DC CC—CV converters. Improved
instrumentation and retest on discharge and head variations are recommended.

Keywords: Turbine Archimedes screw, Off-grid microhydro, Battery charging, Rice field irrigation.

1. Introduction

Electricity is a vital need of the community that cannot be separated from daily life [1-3].
Starting from its simplest function, namely lighting, to other functions as a means of obtaining
entertainment and information, such as television, radio, mobile phone charger, and others. In
this modern era, electricity is also used to replace fuel oil or gas used for cooking through the use
of electric cooking tools, such as rice cookers and electric water cookers [4-7]. Likewise, in the
current era of information and openness, mobile phones have also made their way into villages
[8-11].

In the end, when the demand for electricity increases, while the government's ability to
produce electricity is limited, there is an electricity crisis everywhere [12-14]. Thus, the
distribution of electricity in Indonesia cannot be said to be successful, as Indonesia consists of
approximately 17,500 islands, making transportation from one place to another still challenging
to achieve [15-17]. This is further complicated by the topography, which is generally mountainous
with slopes ranging from gentle to very steep; as a result, many remote villages have not yet
received electricity, according to data from the State Electricity Company.

One of the sources of renewable energy is water (hydro) energy [18-20]. The use of water
energy (hydro) is targeted to reach 4% of national energy use by 2025 [21-22]. To meet this
target, it is necessary to increase the use of water resources (hydro) spread across all regions in
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Indonesia as a source of renewable energy [23-25]. One of the categories of water resources,
such as renewable energy (electrical energy), that is very promising is Micro Hydro Power Plants
[26-28].

Therefore, this study will utilize the Archimedes screw turbine for mobile phone charging
in rice fields, analyzing the effect of water discharge at 0.0369831 m3/s. This will involve
calculating the turbine's efficiency and the generator's power.

The flow discharge is measured by the closed channel method using a 200-liter drum. The
equation calculates discharge:

Q:% (1)

with V-rated water volume and t charging time. The effective head is about 0.6 m set from the
channel geometry and turbine position.
Calculating the Head on an Archimedes Screw turbine with tilt angle:

b=+vVc? — a? (2)

To be able to calculate the power produced by the turbine or the power of the Hydrolis,
one can refer to the equation.

PH=pxgxQxh (3)
The shaft torque is obtained from the difference in the load mass and the lever radius:
T=(myrma)xgxr (4)
The calculation of turbine power is carried out in the following way:
Pt=(2.n.n.T)/60% (5)
Power generator using an equation that refers to the equation:
Pout=V x| (6)
n= Zi’twa% (7)
2. Methods

The place where this research was carried out was the Pond Village. Percut Sei Tuan
District, Deli Serdang Regency, North Sumatra. The tools and materials used in this study are:
tachometer, AVO meter, stopwatch, watt meter, USB port, battery charger, battery, and for the
material itself, an Archimedes screw turbine (Figure 2). The method used for this study is direct
observation in the field to obtain results that align with the parameters.

Figure 1. Turbin Archimedes
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The parameters in this study aim to calculate the turbine power at a discharge of 0.037
m3/s, then calculate the generator power, turbine efficiency, and current strength in the charging
system. This study utilizes the above parameters to determine the power produced by the
turbine. It then calculates the power produced by the generator to determine the rotation and
output power of the generator. Additionally, it calculates the efficiency created by the turbine
and the current strength required for mobile phone charging.

Table 1. Heater dimensions and specifications

Description Size (mm)

Turbine length 870.00
Upper shaft length 100.00
Lower shaft length 200.00
Turbine diameter 350.00
Shaft diameter 50.00
Outer diameter of the shaft tube 190.00
Inner diameter of the shaft tube 185.00
Blade spacing 290.00
Blade height 80.00

3. Results and Discussion
3.1. Results

Table 2 is a flow discharge measurement; the discharge is measured using a 200-liter
drum. The charging time drops from 6.80 s to 4.30 s. Discharge increased from 0.0294117 m3/s
to 0.0465116 m3/s. The average discharge value was reached at 0.0369831 m3/s. The variation
between measurements is still within a reasonable range. This data shows the flow is stable
enough for testing.

Table 2. Flow-rate measurements

Trial Volume, Time, Discharge, Equation
V (m3) t(s) Q (m3/s) Ref.

1 0.20 6.800 0.029 Eq. (1)

2 0.20 5.710 0.035 Eq. (1)

3 0.20 4.300 0.047 Eqg. (1)

Average 0.20 5.600 0.037 Eqg. (1)

Table 3. Summary of key calculations

Quantity Unit Value Equation Ref.
Head, h m 0.600 Eq. (2)
Hydraulic power, Py w 216.808 Eq. (3)
Torque (load method), T N-m 0.262 Eqg. (4)
Turbine speed, n rpm 931.000 Input to Eq. (5)
Torque for T N-m 0.185 Eqg. (5)
Turbine power, P; w 17.979 Eqg. (5)
Generator voltage, V \Y 24.000 Input to Eq. (6)
Generator current, | A 1.160 Input to Eq. (6)
Generator power, Pout W 27.840 Eqg. (6)
Efficiency, n % 12.850 Eqg. (7)

Table 3 is a summary of the main calculations. The effective head of the system is 0.60 m.
The available hydraulic power is 216,808 W. The torque from the load method reaches 0.2619
N-m. The rated turbine speed is 931 rpm. The torque during the power test was 0.1845 N-m. The
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turbine power is recorded at 17.9785 W. The generator voltage is 24.00 V with a current of 1.16
A. The output power of the generator is 27.84 W. The efficiency against hydraulic power is
12.85%. The difference in power indicates mechanical and electrical losses in the prototype. The
deviation of the instrument's readings can also affect the figure.

Table 3 presents a profile of mobile phone charging, showing that the battery level
increased from 0% to 100% in 180 minutes. The load power decreases from 4.47 W to 1.43 W.
The voltage fluctuates slightly in the range of 11.58-12.09 V. The current drops from 0.37 A to
0.12 A at the end of charging. The fastest level increase occurs until the 90th minute. After 120
minutes, the charging rate slows down to full. This data confirms the system is feasible for
charging small devices.

Table 4. Mobile-phone charging profile (30-minute steps)

Time Voltage, Current, Power, Battery Equation Ref.
(min) V (V) 1 (A) P (W) Level (%)

0 12.09 0.37 4.47 0.00 Eq. (6)
30 11.99 0.37 4.43 13.00 Eq. (6)
60 11.89 0.37 4.39 49.00 Eq. (6)
90 11.86 0.37 4.36 76.00 Eq. (6)
120 11.58 0.37 4.28 84.00 Eq. (6)
150 11.85 0.26 3.08 92.00 Eq. (6)
180 11.97 0.12 1.43 100.00 Eq. (6)

3.2. Discussion

The discharge graph in Figure 2 shows a gradual increase from 0.0294117 m3/s in
experiment 1, to 0.0350262 m3/s in experiment 2, and to 0.0465116 m3/s in experiment 3. An
average line of 0.0369831 m3/s cuts through the bar between experiments 2 and 3, indicating
that the test discharge is likely to be stable with an upward trend. Compared to the average,
experiment 1 was about 20% lower, while experiment 3 was about 26% higher, so variation is
still reasonable for field tests. The time graph in Figure 3 shows a downward trend from 6.80 s to
4.30 s, with the average line of 5.60 s being in the middle of the value distribution. The
relationship between the two graphs is consistent because the discharge is inversely proportional
to the charging time at a fixed volume. Hence, the increase in discharge explains the shortening
of the time. The increase in discharge from experiments 1 to 3 was about 58%, followed by a
decrease in time of about 37%, which confirms the influence of flow control and channel
conditions. Minor differences between measurements are likely to come from local turbulence,
operator response at stop-start, and measurement device resolution. In practical terms, valve
stabilization, current damping, and increasing the number of repeats will reduce deviations as
well as strengthen the basis for associating discharge with turbine performance and generator
output.

Figure 4 shows the battery level rising steadily from 0% to 100% in 180 minutes. The
fastest charging rate occurs within 30-90 minutes, with a rate of approximately 1.20%/minute in
the 30-60 minute range and 0.90%/minute in the 60—-90 minute range. After the 120th minute,
the pace slows down by about 0.27%/minute until it is full. This pattern aligns with Figure 4,
where the current remains at 0.37 A until the 120th minute, then drops to 0.26 A and 0.12 A. This
means that the initial phase is dominated by constant current to charge quickly, then enters the
voltage locking phase with a decreasing current. Figure 5 corroborates these findings because
the power was relatively flat at 4.47-4.28 W until the 120th minute, then dropped sharply to
3.08 W and 1.43 W. Figure 6 shows the source voltage gradually decreasing from 12.09 V to a
low of 11.58 V at the 120th minute, then recovering to 11.97 V when the current is tapering. The
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voltage sag at the beginning reflects the constant load of the charging process, while the recovery
at the end occurs when the load decreases.
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Figure 2. Discharge Q by trial Figure 3. Fill time by trial

Figure 7 shows the charging current profile for 180 minutes. At 0—120 minutes, the
current remains at 0.37 A, allowing for rapid charging in the initial phase. The transition point
appeared in the 120th minute; the current drops to 0.26 A at the 150th minute (=30% lower than
the beginning) and then to 0.12 A at the 180th minute (=68% lower). The four graphs form a
consistent narrative: the system provides a stable supply for charging acceleration in the first
half, then naturally reduces the current to ensure safe charging towards full capacity.
Optimization can be focused on the rotation stabilizer and the current/voltage DC-DC regulator

to achieve even power, minimize conversion losses, and reduce charging duration in subsequent
tests.
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4. Conclusion

Research shows that the Archimedes turbine at a head of 0.60 m and an average
discharge of 0.0369831 m3/s is capable of supplying power for phone charging. The hydraulic
power was recorded at 216.808 W, while the turbine power was 17.9785 W, and the electrical
output was 27.84 W at the best test conditions. The overall efficiency of hydraulic power is valued
at 12.85%, which reflects the mechanical and electrical losses of the prototype. The current and
power graph shows the constant current phase until the 120th minute, after which the current
decreases, and the voltage pattern recovers. The battery level increases from 0% to 100% in 180
minutes at a fast pace in the first half of the charge. These results confirm the feasibility of off-
grid microhydro systems for small power needs in the area.

Optimization of screw geometry needs to be carried out through adjustment of pitch,
height, and number of spoons, as well as gaps with the casing. An inclination angle of 30°-38° is
worth testing for increased volumetric efficiency at local discharge. Mechanical losses can be
reduced through shaft alignment, the use of closed bearings, good lubrication, and low-loss
clutches. The transmission ratio and generator selection should be set so that the torque-rpm
working point is in the peak efficiency region. Electrical chains are recommended to use a rectifier
and DC-DC converter of type CC-CV to 5 V USB for stable initial current and controlled tapers.
Rotational stability can be improved with a small flywheel, flow reducer, and particle filter on the
inlet side. Instrumentation needs to be strengthened through the use of data loggers, uncertainty
analysis, and repeated tests on discharge and head variations. Field safety must be maintained
with overcurrent protection, short circuit protection, IP-certified covers, and orderly operating
procedures.
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