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Abstract

Turpentine oil, mainly derived from clove oil, shows strong potential as a diesel additive due to its
oxygenated composition, improving combustion and reducing emissions. Despite its environmental
advantages, limited application persists due to high production costs. This study investigates the effects
of adding 0.2% turpentine oil to diesel fuel on engine vibration characteristics in a single-cylinder direct
injection engine. Vibration was measured along three orthogonal axes (X, Y, and Z) under two engine
loads (25% and 50%) and five speeds ranging from 1200 to 2000 rpm. Results revealed that turpentine-
diesel blends consistently reduced vibration levels on the Y and Z axes. At 25% load, the lowest RMS
vibration with turpentine additive occurred at 1400 rpm, while for pure diesel, it was at 1600 rpm. At
50% load, minimum vibration for both fuels was observed at 1400 rpm. The turpentine additive reduced
vibration magnitudes by up to 11.3% on the Y axis and 9.6% on the Z axis compared to pure diesel.
These findings support using turpentine oil as a viable additive to improve ride comfort and reduce
engine-induced vibrations, offering reference data for future studies on alternative fuels.
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1. Introduction

Various fields of production and transportation have used many internal combustion engines. The
advantages of diesel engines, such as flexibility, high energy efficiency and high stability in various
operations, make them much in demand [1-4]. The dependence on fuel from petroleum on ICE engines
worldwide has been pushed to shift to additive or renewable energy materials. This dependence has
caused various unavoidable problems because conventional fuel has experienced scarcity in the past
year due to increasing population demand and industrialization. So, scientists have been trying to find
sustainable, renewable and environmentally friendly alternatives to fossil fuels. The depletion of
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petroleum fuels with increasingly stringent emission regulations has forced researchers to look for
alternative renewable fuels or additives [5-7].

It was found that terpene compounds contained in clove oil (0.2%) were primarily responsible for
forming a stable solution between the bio-additive and pure fuel, leading to rapid combustion and
shorter ignition delay in engines fueled by clove oil fuel blends [8—11]. This data is interesting for
further investigation on the influence of terpene compounds as combustion biofuel characteristics of
diesel fuel on one-cylinder diesel engines. Turpentine oil is often referred to as a spirit of turpentine in
the form of volatile liquid derived from the distillation of tree sap species belonging to the genus pine.
Turpentine oil contains monoterpenes with C 10 carbon atoms. It is known that a diesel fuel with 5%
pure turpentine oil could reduce smoke production and save fuel usage, as shown in the work by [12—
15]. It was stated that 5% of oxidized turpentine oil was the most effective diesel fuel additive, as shown
in the work by [16—19]. Turpentine oil is a clear liquid that is colourless (transparent), with a distinctive
smell, and flammable [20-23]. In general, the physical and chemical properties of turpentine oil include
a boiling point of 149-180 °C, insolubility in water, a density of 0.9, a flash point of 30—46 °C, and an
auto-ignition temperature of 220-225 °C, as reported by the International Program on Chemical Safety
and the European Commission [24-26]. Turpentine oil is generally composed of a mixture of
unsaturated isomers and bicyclic hydrocarbons: a-pinen, f-pinen, and A-carene [21,27-29].

Biodiesel fuel has the advantage of being a diesel engine fuel. However, many alternative fuels, such
as turpentine oil, can be used in diesel engines. Characteristics of vibration, combustion, emissions and
performance produced by a machine are essential phenomena to study [30-33]. In the past few years,
scientists have been trying to reduce vibrations sourced from machines because of the conditions for
mechanical damage and the comfort of their passengers. Therefore, the automotive industry was forced
to make various developments to meet customer demands for their products and to maintain
increasingly high competition [34—37]. Researchers in this regard have investigated various vibrational
behaviours sourced from internal combustion engines triggered by multiple fuels. Vibration behaviour
on generator engines using hydroxyl (HHO) machines with a mixture of diesel-biodiesel fuel has been
investigated by [38—41]. The experiment's results with the addition of HHO showed vibration
acceleration on the engine block increased [38].

Meanwhile, different studies have also been investigated to measure noise and vibration characteristics
from diesel engines using a mixture of diesel-biodiesel and natural gas fuels [42]. The results of
experiments with the addition of biodiesel and natural gas show that engine vibration has decreased
slightly. Investigation of combustion noise and emissions triggered by gasoline-diesel for compression
ignition engines has also been discussed [43,44]. The vibrations in the compression ignition engine of
biodiesel-petro diesel mixed fuel were analyzed by [45—48]. The results of their experiments with
changes in the effects of biodiesel are influenced by engine speed [49]. Moreover, the vibration of diesel
engines using a mixture of diesel-biodiesel fuel has also been investigated [50-53]. The use of fuel is
to minimize the level of vibration that comes from the engine.

This study used a fuel blend consisting of pure diesel and 0.2% turpentine oil extracted from clove oil
to operate a single-cylinder diesel engine. The primary objective was to evaluate the effect of this
turpentine-diesel blend on engine vibration characteristics across three orthogonal axes. By comparing
the vibration performance of the blend to that of conventional pure diesel, this study provides novel
insight into the potential of turpentine oil as a bio-additive. The originality of this work lies in its
experimental focus on the vibrational behaviour of engines using low-concentration turpentine blends,
which has been rarely explored in prior studies, particularly at varying loads and engine speeds.

2.  Methodology

This study measured the vibration characteristics of a single cylinder diesel engine using turpentine oil
with pure diesel fuel. This experiment uses different engine speeds of 1200—1800 rpm with 200 rpm
intervals at 25% engine load. The engine vibration is measured based on engine speed from two
different fuels: turpentine-diesel oil and pure diesel.

©2025 The Author(s). Published by Scholar Publishing. This is an open access article under the
CC BY license. Available online https://e-journal.scholar-publishing.org/index.php/ijate



International Journal of Automotive & Transportation Engineering (2025) Vol 1, 119-129

These experimental studies were performed on a diesel four-stroke, single-cylinder naturally aspirated
direct injection engine (YANMAR F120M). The specifications of the diesel engine used in the
experiment are presented in Table 1. Turpentine oil is mixed into pure diesel fuel in as much as 0.2%
of every litre. Furthermore, as much as 3 litres of fuel mixing is prepared for each test. This experiment
was carried out at 1200—1800 rpm at 25% and 50% engine load intervals of 200 rpm. A schematic
experimental engine diagram is shown in Figure 1.

Table 1. Specifications of Engine

Description Specification

Engine model YANMAR TF120M

Engine type diesel 4-stroke, one-cylinder engine
Bore x Stroke (mm) 92 x 96

Displacement (L) 0.638

Injection timing 17° BTDC

Compression ratio 17.7

Continuous output (HP) 7.82 kW at 2400 rpm

Rated output (HP) 8.94 kW at 2400 rpm
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Figure 1: Schematic diagram engine

Vibration measurements in this experiment used the Accelerometer 3D Vibration Tester (VM-6380).
This sensor is placed and bound to the engine. Data is recorded on three orthogonal axes (x-longitudinal,
y-lateral, z-vertical axis). Vibration data is taken at different engine loads and speeds when using diesel
fuel and turpentine additives. RMS value measures the results of vibrations related to the vibration level
in the amplitude value associated with the wave history time. The formula below is used to measure the
RMS value:

A 7 Iy @ ©at (1)

where a,, (m/s?) is weighted acceleration, and T is the measurement time. A 1 (acceleration of total
vibration) can be described as a combination of three axes of acceleration and can be expressed by:
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3. Result & Discussion

This experiment uses pure diesel fuel with turpentine additives at 25% and 50% engine loads with five
different engine speeds, namely 1200, 1400, 1600, 1800 and 2000 rpm. The test results reported that
the rest of the three vibrations were analyzed and compared between pure diesel fuel and after the
addition of turpentine oil. Engine speed starts from 1200 to 2000 at intervals of 200 rpm for each load
and fuel condition used.
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Figure 2: Total vibration at engine load 25% for diesel fuel

Figure 2 illustrates the total vibration acceleration (a<sub>rms</sub>) measured along three orthogonal
axes X (longitudinal), Y (lateral), and Z (vertical) at an engine load of 25% using pure diesel fuel, across
engine speeds ranging from 1200 to 2000 rpm. The results show an apparent variation in vibration
behaviour as a function of engine speed and axis direction. The Z-axis, representing vertical vibration,
consistently exhibits the highest vibration levels compared to the other axes. The peak value on the Z-
axis is recorded at 1800 rpm, reaching approximately 210 m/s? while the lowest Z-axis vibration occurs
at 1600 rpm, at around 95 m/s% This trend is attributed to the up-and-down movement of the piston-
cylinder system, which inherently generates stronger vertical oscillations.

The Y-axis (lateral vibration) shows a moderate level of vibration, with the lowest reading observed at
1600 rpm (=45 m/s?) and the highest at 1800 rpm (=95 m/s?). These fluctuations suggest the influence
of engine imbalance and structural transmission effects during combustion. Meanwhile, the X-axis
(longitudinal vibration) consistently reports the lowest vibration magnitudes, ranging from 20 m/s? at
1400 and 1600 rpm to a maximum of 40 m/s? at 1800 rpm. This indicates less vibrational energy is
transmitted along the engine’s longitudinal frame direction under light load conditions.

Overall, the data indicate that engine speed significantly influences vibration behaviour, with 1800 rpm
yielding the highest vibration intensity across all axes, particularly in the vertical (Z) direction. This
underscores the critical need to control engine operating conditions to minimize excessive vibration,
especially in conventional diesel fuel light-load scenarios.

The z-axis is the arm with the highest value when measured because the cylinder moves up and down,
resulting in vertical motion transmission to longitudinal by the crankshaft. Therefore, the highest value
of the following arm is in the longitudinal direction. The lateral axis generally produces a lower
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vibration level. However, it depends on the equipment used and the engine changes or the transmission
results from the other directions. The lowest vibration in the direction of the lateral axis is due to this
phenomenon in the engine.
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Figure 3: Total vibration at engine load 25% for turpentine oil

Figure 3 presents the total vibration acceleration (a<sub>rms</sub>) measured along the X
(longitudinal), Y (lateral), and Z (vertical) axes for a diesel engine operating at 25% load using a
turpentine-diesel blend (0.2% turpentine) across engine speeds from 1200 to 2000 rpm. The results
demonstrate significant differences in vibrational behaviour compared to pure diesel fuel. The Z-axis,
representing vertical vibrations due to piston reciprocation, remains dominant across all engine speeds.
The highest Z-axis vibration is recorded at 1800 rpm, reaching approximately 215 m/s?, slightly higher
than pure diesel at the same speed. However, the lowest Z-axis vibration under turpentine additive
occurs at 1600 rpm, with a value of approximately 105 m/s? indicating a reduction from =175 m/s? at
1200 rpm.

On the Y-axis, which represents lateral vibrations, the turpentine blend shows notably lower values than
pure diesel. The minimum vibration occurs at 1400 rpm with approximately 30 m/s?, compared to
around 50 m/s? for diesel. Even the peak Y-axis value for turpentine at 2000 rpm only reaches =50 m/s?,
whereas diesel reaches up to 90 m/s?, highlighting a significant improvement in lateral vibration
suppression. The X-axis (longitudinal) demonstrates a unique behaviour under turpentine combustion.
The highest vibration is found at 1800 rpm, peaking at =115 m/s?, considerably higher than diesel at the
same point (=40 m/s?). This spike suggests that while turpentine improves lateral and vertical vibration,
it may amplify vibrations in the longitudinal direction at specific operating speeds due to altered
combustion dynamics or resonance.

In general, the use of turpentine as a diesel additive at 0.2% effectively reduces total vibration on the
Y-axis by up to 40% and on the Z-axis by up to 10% at optimal engine speeds (1400—1600 rpm),
compared to pure diesel. This supports the potential of turpentine additives in enhancing ride comfort
and mechanical stability under light load conditions.

The following experiment was conducted at 50% engine load using pure diesel fuel with turpentine
additives at different speeds. Pure diesel fuel produces the lowest vibration on the X axis at a speed of
1400 rpm, which is different when the engine load is 25%, whereas the lowest vibration is obtained at
1600 rpm. Meanwhile, using turpentine as an additive for 50% engine load produces vibrations at an
engine speed of 1400 rpm. This result is almost the same as when the experiment was conducted at 25%
engine load.

©2025 The Author(s). Published by Scholar Publishing. This is an open access article under the
CC BY license. Available online https://e-journal.scholar-publishing.org/index.php/ijate



International Journal of Automotive & Transportation Engineering (2025) Vol 1, 119-129

350
—- X
300 IA\
- -Y . .
7 —A-—F / .
s/
250 A S ‘.“
] \,‘\ -_/‘ "\
“ . ;
= 200 — b ;- *
= » - N
= 4 ~ Fi
g A ! ,Q\ ; [
150 B S ‘ PN
®« U=l Yy - ~ A
i ~ N rd ~ "\
~ . // ~ N ‘
100 S P AN
~ 4 ~
~ s ~
i - - ---- ®
50
T T T T T T T T T
1200 1400 1600 1800 2000
Engine Speed (rpm)

Figure 4: Total vibration at engine load 50% for diesel fuel

Figure 4 depicts the total vibration acceleration (a<sub>rms</sub>) along the X (longitudinal), Y
(lateral), and Z (vertical) axes of a diesel engine operating at 50% engine load using pure diesel fuel,
across speeds ranging from 1200 to 2000 rpm. Compared to the 25% load, the increase in load amplifies
the vibration levels across all axes. The Z-axis again shows the highest vibration intensities, consistent
with the vertical forces induced by piston motion. The peak Z-axis vibration is observed at 1800 rpm,
reaching approximately 320 m/s?, over 50% higher than the corresponding value at 25% load. The
lowest Z-axis vibration at this load is at 1600 rpm, with a value of approximately 140 m/s>.

The Y-axis vibration also demonstrates a pronounced increase. The highest vibration occurs at 1800
rpm, with a reading of =165 m/s?, while the lowest is at 1400 rpm, approximately 65 m/s? This trend
indicates a clear correlation between increased engine load and lateral vibrational response, likely
caused by higher fuel injection pressures and combustion forces. On the X-axis, vibration levels remain
the lowest among the three axes, ranging from ~35 m/s? at 1400 rpm to a peak of =75 m/s? at 1800 rpm.
Despite this, the increase from light to medium load still results in a notable rise in longitudinal
vibration, likely due to more significant torque fluctuations along the crankshaft axis. At 50% engine
load, pure diesel fuel generates significantly higher vibration levels compared to 25% load, with Z-axis
peaks rising above 300 m/s? and Y-axis vibration increasing by nearly 85% at some engine speeds.
These results reinforce the importance of vibration-damping strategies, especially under moderate-to-
high load conditions in diesel engines.

The result of the overall engine speed tested and the highest level of engine vibration acceleration was
obtained from using pure diesel fuel for the Y and Z axes. However, the highest value for the X-axis
was found on turpentine additive fuel. From the overall fuel sample and engine speed for the two loads
tested, the highest vibration values were recorded at 1200 and 1800 rpm. Engine vibration is also
strongly influenced by the speed and engine load given. The higher the engine speed and load, the higher
the engine vibration level. However, adding 0.2% turpentine oil to the diesel can reduce the vibration
acceleration rate for the growth of Y and Z. The higher oxygen content of turpentine oil positively
affects the quality of combustion in the engine. Therefore, turpentine additive fuel can reduce engine
ignition delay with pure diesel fuel. Reducing the ignition time delayed in the combustion phase cannot
be controlled. The advantage of this relationship is that the peak point of pressure is getting closer to
the 0° crank angle. The engine vibration is decreased because it is caused by more ignition time and
combustion.
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Figure 5: Total vibration at engine load 50% for turpentine oil

Figure 5 presents the total vibration acceleration (a<sub>rms</sub>) of a diesel engine fueled with a
0.2% turpentine-diesel blend under 50% engine load across five engine speeds from 1200 to 2000 rpm.
The vibrations were recorded along three orthogonal directions: X (longitudinal), Y (lateral), and Z
(vertical). The Z-axis continues to exhibit the highest vibration amplitudes due to its alignment with the
engine's piston motion. The maximum Z-axis vibration is observed at 1800 rpm, reaching =245 m/s?,
which is ~23.4% lower than the corresponding value for pure diesel (=320 m/s?). The lowest Z-axis
vibration is recorded at 1400—1600 rpm, hovering around 135 m/s?, showing a consistent suppression
compared to diesel fuel at the same speeds.

The Y-axis vibrations remain moderate and show notable improvement over pure diesel. At 1400 rpm,
the minimum vibration is recorded at just =30 m/s?, whereas the highest value, occurring at 1800 rpm,
is =80 m/s. These values reflect an approximate 51.5% reduction in lateral vibration compared to diesel
at peak speed (1800 rpm). For the X-axis, which captures longitudinal vibration, the data show a distinct
increase with engine speed. Again, The maximum is 1800 rpm, measuring ~150 m/s?, about 2x higher
than the diesel case (=75 m/s?). This indicates that while turpentine improves lateral and vertical
stability, it may intensify longitudinal oscillations at certain engine speeds due to altered combustion
dynamics or mass imbalance effects.

Overall, using turpentine-diesel blends at 50% load reduces vibrations significantly along the Y-axis
(up to 50%) and Z-axis (up to 23%) while increasing X-axis vibration at higher speeds. These findings
suggest that turpentine can improve ride comfort and structural stability, particularly in the lateral and
vertical domains.

4. Conclusion

This study experimentally investigated the vibration characteristics of a single-cylinder direct injection

diesel engine operated with a 0.2% turpentine oil—diesel fuel blend, compared to pure diesel fuel.

Vibration data were measured across three orthogonal axes (X, Y, Z) under two engine loads (25% and

50%) and five engine speeds ranging from 1200 to 2000 rpm. The key findings can be summarized as

follows:

1. Engine vibration is significantly influenced by load and speed. At higher engine loads (50%), overall
vibration levels increased substantially across all axes. For instance, the highest vibration using pure
diesel at 50% load occurred at 1800 rpm on the Z-axis, reaching ~320 m/s?, compared to ~210 m/s?
at 25%.
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2. Adding turpentine oil effectively reduced vibrations in the Y and Z directions. At 25% load, the
turpentine blend reduced lateral (Y-axis) vibration by up to 44% (from ~90 m/s* to =50 m/s?) and
vertical (Z-axis) vibration by up to 10% compared to pure diesel. Similar trends were observed at
50% load, where the Y-axis vibration was reduced by =51.5% and the Z-axis by =23.4% at peak
engine speeds.

3. However, longitudinal vibration (X-axis) increased with the turpentine blend, particularly at higher
speeds. At 50% load and 1800 rpm, X-axis vibration with turpentine fuel reached =150 m/s?,
compared to =75 m/s? with pure diesel—an increase of 100%.

4. The optimal vibration reduction occurred at mid-range engine speeds (1400—1600 rpm), where both
the Y and Z-axis vibrations were lowest for turpentine-diesel blends.

The study confirms that a low concentration (0.2%) of turpentine oil as a diesel additive can reduce

harmful vibrations in critical directions (lateral and vertical), thereby improving mechanical stability

and ride comfort. These findings provide strong evidence for applying turpentine oil as a vibration-
reducing bio-additive in diesel engines and serve as a reference for future research involving different
additive ratios, engine types, and combustion strategies.
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