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Abstract: Humanity’s growing long-term energy demand will be the opportunity for new energy
generation sources. In this scenario, the use of hydrogen as an energy source has become an
interesting alternative to energy production, as the use of fossil fuels can lead to harmful
consequences, such as the emission of greenhouse gases. This paper presents the development of a
low-cost instrumentation system for monitoring the temperature, current, voltage, and gas flow rate
of a dry electrolytic cell. Through the electrolysis process, the cell generates a hydrogen-rich gas
which is used as an additive in an internal combustion engine to reduce pollutant gas emissions and
primary fuel consumption. The measured variables are presented as a function of the time to
analyze the behavior of the electrolyzer. The main advance reported in this work is related to the
use of a low-cost sensor for a hydrogen-rich gas flow measurement, in which calibration was
performed indirectly using a rotameter as a reference. The calibration curve adjusted to the
experimental data by linear regression presented a coefficient of determination of 0.9957. Thus, the
use of the low-cost sensor is a feasible alternative for measuring the electrolysis gas generated by
the cell.
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1. Introduction

According to Seger [1], humanity consumed about 17.4 terawatts of energy in 2015, and that
number tends to increase with population growth. It is projected that in 2040, an increase of 28% in
energy demand compared with the year 2015 [2]. With this high-energy consumption, especially in
emerging countries and with the excessive use of fossil fuels, there is a need for energy alternatives
to supply future generations [3].

Greenhouse gas emissions such as carbon dioxide (CO2) from burning fossil fuels are considered
by experts to cause global warming and health problems, such as respiratory and cardiovascular
disease [4].

Among the possibilities of using renewable energy is the hydrogen economy. The direct
combustion of hydrogen produces a significant amount of energy-releasing water vapor, that is, a
non-polluting substance into the environment [3]. Hydrogen is a clean fuel with a lower calorific
value of 120,000 kJ/kg and a self-ignition temperature of 858 K [5]. It produces only water as a
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combustion product and can be used in fuel cells. The hydrogen economy predicts a new economic
paradigm [6].

Hydrogen can be generated from renewable sources, nuclear and carbon capture, and
sequestration fossil fuels [7]. It is noteworthy to obtain hydrogen by the process of water electrolysis,
having, as products, hydrogen (Hz) and oxygen (O2), so that obtaining hydrogen generates only pure
hydrogen and oxygen (hydrogen in greater proportion) as products, therefore the electrolysis gas
being a hydrogen-rich [8].

The addition of small percentages of hydrogen in the combustion process enables the reduction
of greenhouse gas emissions (mainly CO:) and the reduction of diesel fuel consumption in
compression ignition engines [9]. According to Saravanan [5], when adding 30% of hydrogen to diesel
oil, it is possible to increase the efficiency of the motor by 5.1% [10]. With the electrolysis gas in the
diesel engine, there is a 5.7% reduction in diesel fuel consumption to a concentration of 20.0 g/L of
KOH in distilled water [10].

Studies in Otto cycle engines indicate that the use of hydrogen as a gasoline additive can increase
thermal efficiency by 4%, combustion by 0.6%, and power by 545 W, reducing fossil fuel consumption
[11]. For another study, the electrolysis gas allows an average increase of 19.1% in the motor torque,
and 13.5%, 5%, and 14% reduction in carbon monoxide, hydrocarbon, and specific fuel consumption
emissions, respectively [12]. Given the above, this work aims to develop a low-cost sensor for the
instrumentation of an electrolytic cell to allow its use in an internal combustion engine.

2. Materials and Methods

The instrumentation system uses the Arduino platform to perform the acquisition and
preprocessing of the electric current, voltage, temperature, and flow data of the electrolytic cell
electrolysis gas. The electrolytic cell chemical solution has a concentration of 20.0 g/L of potassium
hydroxide diluted in distilled water to produces electrolysis gas.

The measurement of the incoming electric current in the electrolytic cell is made through the
ACS712 current sensor (Figure la). This sensor uses the hall effect to detect the magnetic field
generated by the current flow, producing at the sensor output (connected to analog pin 1 of the
Arduino) a voltage proportional to the detected current of 66 mV/A.

The voltage measurement is made by the 0-25 V DC voltage sensor, Figure 1b. The sensor has
the principle of voltage division. That is, a voltage is applied to the associated resistors in series and
the voltage drop over the desired resistor is determined. With the voltage meter module, it is possible
to perform analog measurements of up to five times the input voltage, since the measurement range
of the Arduino analog to digital converter is 0-5 V.

The DS18B20 sensor measures temperature during the procedure (Figure 1c), providing a 12-bit
digital output. It operates in the range of -55 °C to 125 °C and has an accuracy of +0.5 °C over the
range of —10 °C to 85 °C. The digital output of the sensor is connected to the Arduino digital input

(pin 2).

(@) (b) (©)

Figure 1. (a) current sensor [13]; (b) voltage sensor [14]; (c) temperature sensor [15].



Proceedings 2020, 42, 35 3o0f6

For electrolysis gas flow measurement, the low-cost Winsen F1012 sensor shown in Figure 2a is
used and measures the volumetric gas flow with high precision in the measuring range between 0
and 2000 mL/min at the electrolytic cell outlet. This sensor adopts the thermodynamic principle to
detect gas flow through a temperature sensor that has the function of measuring gas flow by
temperature gradient measured by two wires that convert this temperature difference into a linear
analog voltage output [16].

The rotameter, shown in Figure 2b, is characterized by an operation based on the equilibrium of
the weight, drag, and thrust forces on the float, made of stainless steel AISI 316 or PTFE, which moves
as the gas flow increases inside its glass tubing [17].
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Figure 2. (a) gas flow sensor [16] Winsen; (b) rotameter [17].

The calibration of the hydrogen flow sensor of the electrolytic cell was performed indirectly,
which is characterized by measuring a quantity employing an auxiliary device. The value of the
measured quantity need not be well known, but it must be stable. Calibration is performed
simultaneously between the measurement system to be calibrated and the standard or reference
calibration system [18].

The system calibration is important to enable electrolysis flow gas measurement. Electrolysis is
the breakdown of the water molecule (H20) in hydrogen and oxygen due to the influence of electric
current passing through the cell with the aid of an electrolyte [19]. Electric energy is the driving force
of the chemical reaction in which substances are decomposed into ions due to the passage of electric
current in an electrochemical process. Thus, the transformation of electrical energy into chemical
energy will occur. The water molecule splits, producing positive hydrogen ions that migrate to the
negatively charged cell cathode, where they are reduced to form hydrogen gas (Hz). On the other
electrode, the positively charged anode receives negative oxygen ions for O production [20].

During the F1012 flow sensor calibration procedure, a rotameter was used as a reference
instrument whose measurement uncertainty is 0.1 g/h. Both sensors were connected in series with
the gas output of the electrolytic cell. Thus, indirect calibration is performed by simultaneously
measuring the electrolysis gas mass flow by the F1012 sensor and the rotameter.

For supplying the rectangular plate electrolytic cell, a single channel FA-2030 Instrutherm
Digital DC power supply, voltage up to 32 V, current up to 20 A, electrolytic cell, and bubbler are
used. A direct current source (DC Source) powers the system and the Arduino Uno R3.

After the calibration between the low cost sensor (F1012) and the rotameter, the cell input electric
current is measured using the ACS712 current sensor, as well as the voltage, temperature, and
electrolysis gas flow through the 0-25 V DC voltage module, DS18B20 and F1012 sensors,
respectively, which are connected to the Arduino Uno R3.

3. Results and Discussion

By linear regression, a first-order calibration curve was obtained between the measurements
performed by the F1012 gas sensor rotameter. The found model presented a coefficient of
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determination equal to 0.9957, shown in Figure 3, which indicates the percentage of total variation
around the average explained by the model.

The electrolytic cell test was performed for 23 min and 20 s by applying a continuous electric
current (bench source) that was increased from 4 A to 10 A and decreasing from 10 A to 4 A so that
the data collection and analysis of electrolysis gas flow, voltage, and temperature of the electrolytic
cell are made. Figure 4a shows the results of mass flow, the electrical current applied to the system is
shown in Figure 4b, the voltage applied to the system is shown in Figure 4c, and measured cell
temperature is shown in Figure 4d.
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Figure 3. Winsen sensor calibration, F1012 model.
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Figure 4. Results of (a) electrolysis gas mass flow (g/h) as function of time (s); (b)electric current (A) as
function of time (s); (c) voltage (V) as function of time (s); (d) temperature (°C) as function of time (s).
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Figure 4a,b show a similar growth trend (between 4 A to 10 A) between the flow of electrolysis
gas and electric current as a function of time. There is a reduction in the flow of the electrolysis gas
as there is a reduction of the electric current from 10 A to 4 A. Besides, the voltage (V) increases from
6V (at4 A)to16 V (at 10 A) in 600 seconds as shown in Figure 4c. From this point, the voltage drops
to 14 V (at 4 A) at the end of the bench test.

Finally, in Figure 4d is showed the behavior of the temperature measured in the electrolytic cell,
which presents the growth of approximately 26 °C to 36.5 °C during the time (growth of the electric
current between 4 A and 10 A and the decreasing of the electric current between 10 A and 4 A).

4. Conclusions

The development of the low-cost flow sensor (Winsen, model F1012) applied in an electrolytic
cell presented in the calibration a coefficient of determination equal to 0.9957. Thus, the use of the
low-cost sensor proved to be a feasible alternative for measuring the electrolysis gas in the cell.

The low-cost sensor saves approximately 97% on the project, given the market price for
hydrogen flow sensors with similar characteristics.
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