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1. INTRODUCTIONS

In 2022, Gunawan et al reported the increasing vehicle number in Indonesia is about 6.13% per year
and contributes the largest air pollution, even in the large cities the emission giving more than 50%
contribution for the air pollution [1]. Hence, the government of Indonesia has a campaign to control and
reduce air pollution, especially the emission that is produced by vehicles which are increasing every year
[2]. It is regulated by article 48 of Indonesia law number 22 of 2009 concerning road traffic and
transportation, each vehicle that is operating should be fulfill the standard of exhaust emission [3]. Iskandar
et al (2019) has given a statement that the emission standard of vehicles is depend on fuel that is used. For
gasoline-fueled vehicles, the parameters are seen from the content of carbon monoxide (CO) and
hydrocarbon (HC) in the exhaust gas [4]. Referred to Euro-4, the CO standard that is allowed to be
contained in the exhaust gas is 0.50 g/km, while HC is about 0.23 g/km [5]. As part of a government
campaign regarding exhaust emissions, several researchers are working hard doing research to produce a
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fuel that has an exhaust emission according to the standard that is allowed. It can be doing by controlling
several of their thermophysical properties, one of them is viscosity [6].

A low viscosity of gasoline can improve an atomization process that results in emission of CO and
HC in a low capacity [7,8]. Nowadays, a few investigations have been conducted to produce a low viscosity
of fuel by the modification process with addition of additives. Even so, the additive that is added to the fuel
must be selected and in accordance with the needs. Several substances that have been used as additives are
vegetable oils [9] and ethanol [10]. However, ethanol is more compatible as an additive in gasoline due to
their advantages i.e. renewable, the use of ethanol will overcome the global oil crisis in the world [11].
More than that, the mixture of ethanol and gasoline can create a good characteristic of fuel. The ethanol
helps the gasoline to reach a complete combustion and reduce exhaust emission in CO and HC [12]. In
addition, ethanol has a higher octane number and the mixture of ethanol-gasoline solves the problem for
refiners to meet a mixture with increasing the octane number in a low-cost. Also, based on the literature,
the best composition of ethanol that added to gasoline is 10% [13]. The addition of ethanol will change
some properties of the fuels, for example the viscosity as mentioned previously.

For the investigation of viscosity properties, the falling ball method is reported as one of the best
approach due to their accuracy [14]. The falling ball method is conducted with a measurement of the time
that takes the ball to travel a certain distance in the fluids [15]. Then, the data that is obtained can be
processed using Stokes law linear regression to calculate the viscosity of the fluids. Linear regression on
determining the viscosity is giving a benefit, it is easy to fit and easy to interpret [16]. Therefore, this work
was investigated the viscosity properties of ethanol-gasoline blends with a ratio 1:9 and compared to the
pure gasoline. These viscosity properties were measure with Stokes law linear regression. Then, this work
also giving a future perspective through the literature review about the addition of additive to the gasoline.

2. METHODOLOGY

The gasoline with chemical formula in CgHis and ethanol (C;HsOH) were prepared for this simple
experimental investigation. This work used several tools that consist of beaker glass, digital scales, a simple
set of stokes tube apparatus, stopwatch, and vernier calipers. This experiment was conducted in the
laboratory scale. Firstly, the several samples were prepared as shown in Table 1. Then, each sample was
tested on density measurement based on equation 1. The measurement was started with weighing the beaker
glass until found the weight of it. Then, that process was repeated for the beaker glass that has been filled
with the sample. The difference in mass value of both measurements is the mass of samples while the
volume of the sample was displayed on the measuring scale of beaker glass.

p=7 (1)

where p, m, and V are respectively the density of samples (kg/m?), mass of the samples (kg), and volume
of the samples (m?).

Table 1. The samples that prepared in this work

Sample number Gasoline (%) Ethanol (%)
1 100 0
2 90 10

Furthermore, the viscosity measurement was conducted using stokes law approach or commonly
known as falling ball method and illustrated in Figure 1. This method has been used by several researchers
due to their accuracy [17]-[19]. For this step, it started with measuring the volume of the ball that used in
this experiment. The volume is calculated using equation 2 [20]. Then, the important variable is the radius
of the ball that is obtained from the measurement using vernier calipers.

4
Vbau =3 mr3 )

where V,,4;; is volume of the ball in m3. Then,  is the constant value in 22/7 or 3.14, and r is radius of the
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ball (m).

Then, the viscosity is measured based on the equation 3 [21]. In this work, the researchers used the
Stokes law linear regression for the data analysis of viscosity. Hence, one variable from the equation 3 is
varied, it is the distance of the falling ball and marked with the d symbol.

i
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Figure 1. lustration of the falling ball method.
_ 2g9r%(pp—py)
= ®)

where g is the acceleration of gravity (9.81 m/s?), r is the radius of the ball and this is obtained from
the previous measurement when calculating the volume of the ball, p;, and p; are respectively the density
of the ball and samples. The density of the sample has been explained above and the density of the ball is
calculated using the same equation (equation 1). The mass of the ball can be directly measured using the
digital scale and the volume has been obtained as explained above using equation 2. Then, v is the velocity
of the falling ball in the distance that varies. From this measurement, it is obtained the time variable of each
distance value. However, in this work the data were processed using the linear regression as illustrated in
Figure 2. Based on the explanation, equation 3 can be changed to equation 7. Then, after the viscosity of
the sample has been known, this work is processed to the literature review about the performances of each
sample when applied as fuel, especially on their future perspective as fuel.

2(p,
v = 29r°(pp—pPy) @)
m
with v = 2
t
d _ 29v*(pp=py)
P Q)
1 _ 2gr%(pp—pyp)
; - Ind (6)
Ind (7)

t=———
2gr? (pp—py)

following the linear regression, there is should be Y = kX, with k is the slope of the linear graphic [22].
Then, it obtained that k is equal to equation 8 below:

o
8
2g7%(pp—pf) (8)

Then, from equation 8, it can be calculated the viscosity of each sample using equation 9.
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Figure 2. Hlustration of linear regression between the distance and time of the falling ball.

3. RESULT AND DISCUSIONS

The investigation started with the density measurement that shown in Table 2. The density was
measured using equation 1. The volume of the samples is controlled in 100 ml or equivalent to 10 m?3,
From the calculation, it is known that the density of gasoline increases of about 2.8% when the ethanol is
exposed and mixed with it. The increasing of gasoline density is caused by a higher density of pure
ethanol [23].

Table 2. The result of density measurement of the samples.

Sample number mr (kg) my (kg) ms (kg) p (kg/m?)
1 0.129 0.201 0.072 720
2 0.129 0.202 0.074 740

where my is the total mass of beaker glass and sample, my is the mass of beaker glass, and ms is the mass of
sample.

Next, the viscosity investigation was conducted by using the linear regression of Stokes law. The
first, the volume of the samples has been known from the scale that is displayed in the beaker glass. In this
work, it is controlled in 10 ml or equivalent to 10° m3. Then, for the preparation of falling ball method, it
is to measure the volume of the ball by using the equation 2. The calculation shows that the ball has the
volume of about 1.679 x 105 m3. The viscosity investigation was conducted with several repetitions
experiment in the different distance of the falling ball. From this experiment, it known the time of the
falling ball in each distance and can be processed using linear regression. Then, from these data, the linear
regression can be analyzed as shown in Figure 3.
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Figure 3. Linear regression of Stokes law in viscosity measurement using falling ball method, for (a)
sample 1 and (b) sample 2
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The linear regression shows that the slope of graphic is 0.02829 and 0.02832, respectively for sample
1 and sample 2. These results inform that the addition of ethanol additive can decreased the viscosity of
gasoline, respectively 0.109 cP and 0.106 cP for sample 1 and sample 2. These decreasing of viscosity is
caused by the thinner boundary between the molecule when the ethanol is exposed [24]. Even so, the
decreasing of viscosity is not significant, it means that 10% of ethanol additive that added to the gasoline
is not enough to change the characteristics of gasoline. Hence, a low viscosity is a required characteristic
for the fuel to have a more environmentally friendly exhaust gas, this condition allows reducing the content
of CO and HC in emission gas [25].

4. CONCLUTIONS

In this study, the investigation of the viscosity properties of the ethanol-gasoline blend has been
conducted with a linear regression method. This work found that 10% of ethanol has decreased the viscosity
of gasoline not significantly. Even so, these findings are informed that ethanol has a characteristic to change
gasoline to become a more environmentally fuel with a good emission. The finding contributes to SDG 7:
Affordable and clean energy that ensures access to affordable, reliable, sustainable, and modern energy for
all.

AUTHOR’S DECLARATION

Authors’ contributions and responsibilities

The authors made substantial contributions to the conception and design of the study. The authors
took responsibility for data analysis, interpretation and discussion of results. The authors read and approved
the final manuscript.

Acknowledgment

We gratefully acknowledge the invaluable support and assistance from the Basic Engineering
Laboratory at the Faculty of Engineering, Universitas Buana Perjuangan Karawang. Their unwavering
commitment and provision of resources greatly contributed to the successful completion of this work. We
sincerely appreciate their dedication and collaboration, which have been instrumental in achieving our
research goals.

Availability of data and materials
All data are available from the authors.

Competing interests
The authors declare no competing interest.

REFERENCES

[1] I Gunawan, A. A. N. P. Redi, A. A. Santosa, M. F. N. Maghfiroh, A. H. Pandyaswargo, and A. C.
Kurniawan, “Determinants of customer intentions to use electric vehicle in Indonesia: An integrated
model analysis”, Sustainability., vol. 14, pp. 1972 (1-22), Feb, 2022.

[2] I D.Wangsa, I. Vanany, and N. Siswanto, “The optimal tax incentive and subsidy to promote electric
trucks in Indonesia: Insight for government and industry”, Case Stud. Transp. Policy., vol. 11, pp.
100966 (1-22), Mar, 2023.

[3] A. Purwadi, S. Suhandi, and U. Enggarsasi, “Urban air pollution control caused by exhaust gas
emissions in developing country cities in public policy las perspective”, Int. J. Energy Econ. Policy.,
vol. 10, pp. 31-36, Nov, 2019.

[4] R. Iskandar, Sutiman, Sukoco, Z. Arifin, N. F. Adhka, and J. N. Rohman, “The quality of vehicle
exhaust gas emission in Sleman, Indonesia in 2019, J. Phys. Conf. Ser., vol. 1456, pp. 012030 (1-
7), Jan, 2020.

[5] K. Tucki, R. Mruk, O. Orynycz, K. Botwinska, A. Gola, and A. Baczyk, “Toxicity of exhaust fumes
(CO, NOy) of the compression-ignition (diesel) engine with the use of simulation”, Sustainability.,
vol. 11, pp. 2188 (1-15), Apr, 2019.

[6] S. Katekaew, C. Suiuay, K. Senawong, V. Seithtanabutara, K. Intravised, and K. Laloon,

Jurnal Teknik Mesin Mechanical Xplore (JTMMX) 5



[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

© Muhamad Taufik Ulhakim et al.

“Optimization of performance and exhaust emission of single-cylinder diesel engines fueled by
blending diesel-like fuel from yang-hard resin with waste cooking oil biodiesel via response surface
methodology”, Fuel., vol. 304, pp. 121434 (1-12), Jul, 2021.

M. S. Gad and M. A. Ismail, “Effect of waste cooking oil biodiesel blending with gasoline and
kerosene on diesel engine performance, emissions and combustion characteristics”, Process Saf.
Environ. Prot., vol. 149, pp. 1-10, Oct, 2021.

Y. Devarajan, D. Munuswamy, B. Nagappan, and G. Subbiah, “Experimental assessment of
performance and exhaust emission characteristics of a diesel engine fuelled with punnai
biodiesel/butanol fuel blends”, Pet. Sci., vol. 16, pp. 1471-1478, Aug, 2019.

L. Aguado-Deblas, J. Hidalgo-Carrillo, F. M. Bautista, D. Luna, C. Luna, J. Calero, A. Posadillo, A.
A. Romero, and R. Estevez, “Diethyl ether as an oxygenated additive for fossil diesel/vegetable oil
blends: evaluation of performance and emission quality of triple blends on a diesel engine”,
Energies., vol. 13, pp. 1542 (1-16), Mar, 2020.

M. Mourad and K. Mahmoud, “Investigation into SI engine performance characteristics and
emissions fuelled with ethanol/butanol-gasoline blends”, Renew. Energy., vol. 143, pp. 762-771,
May, 2019.

C. C. Lee, M. Tran, B. T. Tan, G. Scribano, and C. T. Chong, “A comprehensive review on the
effects of additives on fundamental combustion characteristics and pollutant formation of biodiesel
and ethanol”, Fuel., vol. 288, pp. 119749 (1-25), Nov, 2020.

P. Sakthivel, K. A. Subramanian, and R. Mathal, “Comparative studies on combustion, performance
and emission characteristics of a two-wheeler with gasoline and 30% ethanol-gasoline blend using
chassis dynamometer”, Appl. Therm. Eng., vol. 146, pp. 726-737, Oct, 2018.

M. Amine and Y. Barakat, “Properties of gasoline-ethanol-methanol ternary fuel blend compared
with ethanol-gasoline and methanol-gasoline fuel blends”, Egypt. J. Pet., vol. 28, pp. 371-376, Sep
2019.

R. Biswas, D. Saha, and R. Bandyopadhyay, “Quantifying the destructuring of a thixotropic colloidal
suspension using falling ball viscometry”, Phys. Fluids., vol. 33, pp. 013103 (1-9), Jan, 2021.

G. Chowdhry, Y. M. Chang, J. P. Frampton, and L. Kreplak, “Polymer entanglement drives
formation of fibers from stable liquid bridges of highly viscous dextran solutions”, Soft Matter., vol.
17., pp. 1873 (1-8), Dec, 2020.

S. Kohli, G. T. Godwin, and S. Urolagin, “Sales prediction using linear and KNN regression”,
Advances in Machine Learning and Computational Intelligence., vol. 2621, pp. 321-329, Jul, 2020.
S. Huang, J. Li, L. Liu, L. Zhou, and X. Tian, “Lossless fast drop self-transport on anisotropic
omniphobic surfaces: origin and elimination of microcopic liquid residue”, Adv. Mater., vol. 31, pp.
1901417 (1-8), May, 2019.

S. Susilawati, M. Satriawan, R. Rizal and S. Sutarno, “Fluid experiment design using video tracker
and ultrasonic sensor device to improve understanding of viscosity concept”, J. Phys. Conf. Ser.,
vol. 1521, pp. 022039 (1-7), May, 2020.

H. V. Wahl, T. Richter, S. Frei, and T. Hagameier, “Falling balls in a viscous fluid with contact:
comparing numerical simulations with experimental data”, Phys. Fluids., vol. 33, pp. 033304 (1-18),
Mar, 2021.

M. Farhan, A. Gamayel and Ujiburrahman, “An addition of ethanol and patchouli oil on pertamax:
The case study of their effect on exhaust gas emission for 4-stroke engine”, Jurnal Teknik Mesin
Mechanical Xplore., vol. 3, pp. 87-95, Dec, 2022.

A. Doyan, B. A. Qahfi, and Susilawati, “Determining the viscosity coefficient of fluids using a
simple viscosity practical tool aided by arduino uno and magnetic sensor”, AMPLITUDO: Journal
of Science & Technology Innovationl., vol. 2, pp. 34-37, Feb, 2023.

N. Kesaulya, A. H. Amahoru, and M. A. Hertiavi, “Analysis of liquid viscosity value using falling
ball method using digital image technology based on long exposure feature”, Edu Sciences J., vol.
1, pp. 108-117, Jul, 2020.

M. S. M. Zaharin, N. R. Abdullah, H. H. Masjuki, O. M. Ali, G. Najafi, and T. Yusaf, “Evaluation
on physicochemical properties of iso-butanol additives in ethanol-gasoline blend on performance
and emission characteristics of a spark-ignition engine”, Appl. Therm. Eng., vol. 144, pp. 960-971,
Aug, 2018.

Jurnal Teknik Mesin Mechanical Xplore (JTMMX) 6



© Muhamad Taufik Ulhakim et al.

[24] C. M. Santana, “Correlation between vibration level, lubricating oil viscosity and total number base
of an internal combustion engine operated with gasoline and ethanol”, SAE International, Technical
Paper, Mar 2022.

[25] S. Thiyagarajan, M. R. Herfatmanesh, V. E. Geo, and Z. Peng, “Experimental investigation into the
effect of magnetic fuel reforming on diesel combustion and emissions running on wheat germ and
pine oil”, Fuel. Process. Technol., vol. 186, pp. 116-124, Apr, 2019.

Jurnal Teknik Mesin Mechanical Xplore (JTMMX) 7



