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INTRODUCTION 
Considering the power delivered by the engine with the low consumption of fuel may differ depending on the 

mechanism of the engine. Due to this reason, the diesel engine was profoundly known as a better solution to satisfy all 
the requirements. Commonly characterised by its high thermal efficiency, low fuel consumption and high sustainability 
have been widely used compared to gasoline engines [1]. The mechanism of the diesel engine has allowed the engine to 
produce high power through the great compression between air-fuel mixture that ignited when it comes to specific fire 
points [2]. Despite all the advantages of the diesel engine, there are also disadvantages that cannot be neglected. The most 
significant is the engine suffered from high emissions of particulate matter (PM) and nitrogen oxides (NOx) that can 
cause environmental pollution and have an adverse effect on human health [3]. Being added by health experts, the 
formation of acid rain, ozone layer depletion and low vision can also happen due to the pollution produced by the 
combustion of diesel engines. The mitigation efforts to reduce these problems is arduous due to their trade-off 
characteristic [4–7].  

In different circumstances, the heavy usage of petroleum-based fuel has led to the depletion of sources of fossil fuel 
since diesel fuel is produced from a non-renewable source. It was considered a major issue due to the diminishment of 
sources, and it was reported that the remaining sources only could cover up demand up to approximately 50 years [8–10]. 
It takes millions of years to get the fossil fuels before they can be processed to produce the fuel. Hence, it has grown an 
intense interest for the researcher to find a replacement and an alternative substance to reduce the dependency on fossil 
fuel [11]. Among all the inventions, biodiesel seems to be the best substitution for conventional fuel by showing positive 
results on sustaining fuel production and reducing the emissions of CO, PM and HC [12–15]. Biodiesel is one of the 
renewable sources fuel, which can be produced through several processes from vegetable oils, animal fats and waste 
products, also known as biodegradable, that can deliver almost similar energy to fossil fuels [16]. Among all of the 
production methods, the most attractive was transesterification, where the vegetable oil or animal fats reacted with the 
alcohol in the presence or without the catalyst to form an ethyl or methyl ester. They either can be used directly or blended 
with the petroleum-based fuel up to 20% of the blending ratio without a need for major modification on the engine [17–
21]. 

ABSTRACT – The utilisation of biodiesel nowadays has become familiar with rapid production 
types of biodiesel in order to replace the dependency on the fossil fuel parallel to the 
implementation of green technology that emphasises the products to be more environmental-
friendly. Nevertheless, the emerges of various kinds of biodiesel cannot be simply used, despite 
using the biodiesel does not need any major modification on the engine; it still needs a few analyses 
that must be done to determine whether it will give advantages or disadvantages. Therefore, this 
research was carried out to investigate the effect of using palm oil methyl ester (POME) biodiesel 
on the engine in terms of noise emission. The sound intensity mapping method was used to indicate 
the effectiveness of the biodiesel by identifying the noise radiation. Along with the mapping, the 
sound power level (SPL) is also being obtained to provide a clear comparison between the 
parameters. Generally, switching up the engine speed and load increased the sound power level. 
Based on the results obtained related to the SPL, the intensity mapping tends to show a higher 
colour-coded in the noise source image for the higher engine speed and load setup. It was found 
that the engine speed and load give a significant contribution to noise emission produced by the 
engine, and it can be inferred that this method can be utilised to accomplish the noise emission 
analysis. 
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RELATED WORKS 
Nevertheless, the usage of biodiesel still needs to undergo a few analyses, including the noise emission, to determine 

its capability in sustaining the performance in the engine. To investigate the combustion noise radiated by the engine, 
Siavash et al. [22] has conducted an experimental study with the neat diesel and biodiesel usage with the increment of 
5% blending ratio up to 30%. They found out that the B10 tends to show the lowest sound pressure level (SPL) due to the 
lower combustion pressure. On the contrary, a work that has been done by Chiatti et al. [23] presented that the B10 of 
waste cooking oil (WCO) gives the highest values of noise index (NI) while B40 represents the lowest with the load 
condition. The author highlighted that the higher the volume of biodiesel, the lower the magnitude of NI and this were 
related to the ignition delay and the rate of pressure rise (RoPR) that varied accordingly. While in a study by Yıldırım et 
al. [24], the pure WCO (B100) usage has demonstrated a lower level of noise amplitude, and this was attributed to the 
higher cetane number of the biodiesel that improving the combustion in the engine. 

In a different study, Zhen et al. [25] tested the pure rapeseed oil biodiesel (B100) together with B50 as a fuel in the 
direct injection diesel engine. It seems that the fuel properties of rapeseed oil have driven to the increment of SPL, as can 
be noticed where both of the B50 and B100 generates higher SPL compared to the diesel. This can be explained by the 
higher peak pressure and heat release rate (HRR) of the biodiesel blend. Similarly, Patel et al. [26] indicated that the B20 
and B100 of rapeseed biodiesel generated higher external noise. However, the combustion noise for all biofuels tested 
somehow shows an interesting side of the biodiesel usage where it could attenuate from 0.25 to 7 dB(A) lower than the 
diesel. The author stated that this happened due to the lower maximum HRR. Previously, the same author [27] has utilised 
the karanja biodiesel with the same proportions, which is B20 and B100. They have found out that in the combustion 
noise, the B20 was the highest, and the B100 was the lowest as the B20 produces the higher HRR that was consequently 
increasing the RoPR. Meanwhile, in the overall noise level, the B100 shows the highest level of noise, and this was 
associated with the noise generated by the engine's mechanical components. 

The sunflower and canola biodiesel fuel in the diesel engine has been carried out by Uludamar et al. [28] with an 
increment of 20% up to 100% of blending ratio. It can be stressed out that biodiesel usage averagely could reduce the 
SPL compared to diesel as the vibration of engine block decreases. Hence, proving that the noise and the vibration in 
diesel engine was in linear-relationship. Identically, similar results were reported by Yildizhan et al. [29] in their study 
by using the same types of biodiesel. They have found that the biodiesel blends could cause a decrement in SPL due to 
the lower vibration of the engine body. As one of the methods to enhance the quality of the fuel mixture, Çelebi et al. 
[30] inducted the natural gas that highly contains methane with the flow rate of 5, 10 and 15 ℓ/m. They have concluded 
that except for the low engine speed (1200 rpm), the conventional diesel produces higher SPL. It is notable that the 
improved properties of the fuel mixture have contributed to the reduction in the noise level by enhancing the combustion 
process in the cylinder. The same improvements were made by Uludamar et al. [31] to sunflower and canola biodiesel 
with the addition of hydrogen by 3 and 6 ℓ/m. Slightly further decrement can be noticed for both of the flow rates. 
Generally, the addition of hydrogen can lower the SPL due to the differences in the combustion characteristics. 

Patel et al. [32] have considered the jatropha biodiesel to be used in the single-cylinder direct injection diesel engine 
with the volume of 20 % and 100%. They have listed several of their findings where the combustion noise generated by 
the B20 was the highest for most load conditions while the least was obtained by B100. The increment of maximum HRR 
has led to the increment of the combustion noise. As for the overall noise level, the results revealed that a high portion of 
biodiesel gives a louder operation of the mechanical components, consequently influencing the overall noise level. 
Meanwhile, a study by Ravi et al. [33] has shown that the smaller fraction of biodiesel content tends to produce a lower 
noise level as the B30 of Jatropha biodiesel gives the lowest noise by 94.9 dB. The author also highlighted that with the 
increment of biodiesel content from 10 % to 30 %, smoother combustion takes place. 

Based on the past studies, the effect of biodiesel is still under observation, and improvisation can be made through an 
appropriate blending ratio with the diesel fuel in order to achieve a minimum level of noise. It can be summarised, 
different blends ratio can attenuate the noise accordingly to the combustion quality that is strongly influencing the 
vibration level and consequently affecting the noise level produced by the engine. Hence, in this paper, the noise emission 
analysis was carried out on a single-cylinder compression ignition engine in terms of sound power level (SPL) as well as 
sound intensity mapping by using a diversity blending ratio of POME. 

METHOD AND MATERIALS 
Compression-Ignition Engine 

The diesel engine that has been used in this study was manufactured by YANMAR and modelled as TF 120 M which 
is a horizontal single-cylinder, 4-stroke, water-cooled and direct injection. In order to give the real application such as an 
engine that mounted in a vehicle, the engine was coupled with an eddy current dynamometer that applied a load to the 
engine by medium and high level. The study was conducted using two speeds representing low and high speeds where 
the low speed was at 1200 rpm, and the high speed was at 2160 rpm. Figure 1 and Table 1 illustrated the engine and its 
specification. 
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Figure 1. YANMAR TF120 M diesel engine. 

Table 1. YANMAR TF120 M diesel engine specification. 
Specifications YANMAR TF 120M 
No of cylinder 1 
Cylinder bore × stroke (mm) 92×96 
Displacement, cc 0.638 
Cooling system Hopper/radiator 
Dimensions: length × width × height (mm) 695×348.5×530 
Compression ratio 17.7 

Bump Test 
The bump test is a method that can be used to determine the dynamic properties of the engine, and this test was 

intended to obtain the natural frequency in order to avoid the resonance effect in the rotational frequency. By giving 
forces through the impact hammer as the input and readings from an accelerometer as the output, the frequency response 
function of the engine can be determined. Choosing the right size of impact hammer, the type of hammer tip and triggered 
point were considerable factors since they could contribute to inaccurate results. As the size and material of the engine 
being identified, the big impact hammer with a hard tip was used to trigger the best point (point 1), which was chosen 
based on the coherence analysis. The impact hammer and the triggered point are shown in Figure 2(a) and 2(b). 
 

 
  (a)  

 
  (b) 

Figure 2. (a) Big impact hammer and, (b) trigger points. 

Preparation of Fuel 
The tested fuel in the engine was prepared right before the experiment and measurement. This was purposely done to 

ensure the best quality of fuel, especially when involving the biodiesel, and further, the re-blend process was done for the 
leftover fuel to avoid an immature fuel mixture. Together with pure diesel, there are three types of fuel mixtures which 
are B10 and B20 of POME, that follows the blended fuel standard ASTM D7467 specifications by their properties. For 
the blending process, the digital overhead stirrer (IKA RW 20 digital) has been used with 1000 rpm speed for 30-40 
minutes instead of an ultrasonic processor since there is no addition of other substances. A visual quality indicator was 
used to determine the completeness of the mixing process based on the clarity of the mixture where the well-blend mixture 
shows clear-visual.  
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Noise Emission Measurement 
In the process of collecting data, each measurement was done averagely by 3 seconds for each grid after a steady-state 

condition was achieved and maintained through monitoring the digital control centre of the engine. There are two analyses 
of noise emission involved: noise intensity mapping. This method helps determine the noise hotspots quickly and 
recognises the pattern of noise intensity in the noise source in such no time. Hence, reducing the time-consumed noise 
and identification cost. Along with the magnitude, the direction of the energy in the sound field also can be obtained. The 
second analysis is the sound power level which is used to identify the difference in the noise level. Both of the analyses 
use the Brüel & Kjær Hand-held Analyzer Types 2270 together with the sound intensity probe, and Measurement Partner 
Suite analysing software. The calibration phase for the transducer is needed to prevent unprecise and inaccurate data. 
Hence, in this process, both microphones were calibrated using B&K Type 4231 sound calibrator. 

Table 2. Handheld analyser type 2270 specifications. 
Specifications Type 2270 
Input dual channels 
Display large, high-resolution, touch-sensitive colour screen 
Hardware interface integral digital camera for documentation and reference 

Measurement range dynamic range in excess of 123 dB(A) 
0.5 Hz – 20 kHz broadband linear range 

Measurement status red, yellow and green LEDs show measurement status 
Quality indicator ‘smiley’ quality indicators with hints and warnings 

Noise Source Setup 
Before start measuring the data, the design of the noise source was set in the handheld analyser, where the dimension 

of the noise source was used to determine the number of grids. In this study, the 6×6 grid was used in order to follow the 
ISO 9614-3, which set that each segment must be in 0.1 m. The gridding noise source is pictured in Figure 3. 
 

 
Figure 3. Gridding of a noise source. 

Sound Intensity Measurement Formulation 
It is reported by Crocker and Arenas[34] that the most efficient sound intensity measurement principle employed two 

closely spaced pressure microphones[35] where the particle velocity was obtained using Euler’s relation: 
 

∇𝑝𝑝(𝑡𝑡) + 𝜌𝜌
𝜕𝜕𝜕𝜕(𝑡𝑡)
𝜕𝜕𝑡𝑡 = 0 (1) 

 
or 
 

𝜕𝜕𝑟𝑟
(𝑒𝑒)(𝑡𝑡) = −

1
𝜌𝜌 �

𝑝𝑝2(𝜏𝜏) − 𝑝𝑝1(𝜏𝜏)
∆𝑟𝑟 𝑑𝑑𝜏𝜏

𝑡𝑡

−∞

 (2) 

 
where, p1 and p2 are the sound pressure signals from the two microphones, ∆r is the microphone separation distance, 

and τ is a dummy time variable. The caret indicates the finite difference estimate obtained from the two-microphone 
approach. The sound pressure at the centre of the probe is estimated from: 
 

𝑝𝑝(𝑒𝑒)(𝑡𝑡) =
𝑝𝑝1(𝑡𝑡) + 𝑝𝑝2(𝑡𝑡)

2  (3) 
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and the time-averaged sound intensity component in the axial direction is, from Eq.(2), (3), and (4). 
 

𝐼𝐼 = (𝑝𝑝(𝑡𝑡)𝜕𝜕(𝑡𝑡))𝑡𝑡 (4) 
 

𝐼𝐼𝑟𝑟
(𝑒𝑒) =

1
2𝜌𝜌∆𝑟𝑟 ([𝑝𝑝1(𝑡𝑡) + 𝑝𝑝2(𝑡𝑡)] �[𝑝𝑝1(𝜏𝜏) − 𝑝𝑝2(𝜏𝜏)]𝑑𝑑𝜏𝜏)

𝑡𝑡

−∞

 (5) 

 
Some of the commercial sound intensity analysers use Eq.(5) to measure the intensity in 1/3 octave frequency bands 

and there is also another way to measure the intensity by obtaining the imaginary part of the cross-spectrum G12 between 
the two microphone signals using dual-channel FFT analyser, which derived by Fahy and Chung [36, 37]. 
 

𝐼𝐼𝑟𝑟
(𝑒𝑒)(𝜔𝜔) = −

1
𝜔𝜔𝜌𝜌∆𝑟𝑟 𝐼𝐼𝐼𝐼{𝐺𝐺12(𝜔𝜔)} (6) 

RESULTS AND DISCUSSION 
Bump Test 

Since this study focuses on low frequency, hence the natural frequency was considered up to 100 Hz. From the test 
that was carried out, it can be observed in Figure 4 that the natural frequencies happened at 24 Hz, 30 Hz, 46 Hz, 70 Hz 
and 84 Hz, with the lowest magnitude almost 0.001 g/N and the highest close to 0.004 g/N. All frequencies obtained were 
avoided by using the rule of thumb to decide the rotational speed frequency in order to prevent resonance effects. 
 

 
Figure 4. Natural frequencies in the diesel engine. 

Sound Intensity Mapping 
The sound intensity mapping results are shown in the colour-codes for each grid where it indicates the level of the 

intensity produced by the noise source. Table 3 provides the components included in the test rig based on the grid and the 
colour codes for the mapping. Precisely, this mapping can only be compared with the other mapping through the intensity 
of colour codes and the pattern to gain a better understanding of the mechanism of noise generated by the noise source. 
Therefore, the SPL values are needed to identify the differences in noise level between each fuel. 

Speed without load 

As can be seen in Figure 5(a), the pure diesel D100 tends to show a brighter colour in several points, which represents 
a higher intensity level compared to the B10 and B20 in Figure 5(b) and 5(c). By focussing on the sub-components of the 
engine in all fuels, the mapping clearly shows that the centre of the engine where the crankshaft allocated was the constant 
one that represents a higher level of intensity. This may happen due to the forces associated with the crankshaft, bearing 
clearances, element deformation and friction, which generates the mechanical noise [38–40]. The other component that 
shows similar results was the radiator where the noise at this location comprises of the radiator, belting and the pulley, 
hence it can be agreed with a finding by Razak et al. [41], which found that the radiator system also contributes to the 
noise radiation by the engine. 

As for the high rotational speed, it can be observed that most grids of the noise source were covered up by the brighter 
colour code, as can be referred to Figure 5(d) to 5(f). When using a higher engine speed, the results tend to show a higher 
intensity level, and it was proven that the engine speed is strongly related to the noise generated by the engine where the 
higher the engine speed, the higher the noise level due to the increase of combustion strokes and piston blows per the unit 
time [42–45]. It is noticeable that both D100 and B20 produce high-intensity levels at the right side of the engine where 
the crank-link is operated while B10 has a smoother operation, which happens due to lower heat release rate (HRR) of 
B10 at a higher speed [42]. 
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Table 3. Components of the diesel engine. 
Points Components Mapping colour indicator 
1 - 2 fuel overflow 

 

3 - 6 engine mounting 
7 - 10 engine base 
11 - 12 fuel overflow 
13 intake manifold 
14 cylinder head 
15 piston 
16 connecting rod 
17 crankshaft 
18 - 21 crankcase and belting 
22 - 23 radiator base 
24 lower intake and exhaust pipe 
25 middle intake pipe 
26 - 28 radiator 
29 - 33 flywheel and dynamometer 
34 - 35 top radiator 
36 upper intake pipe 

 

   
(a) D100 (b) B10 (c) B20 

   
(d) D100 (3) B10 (f) B20 

Figure 5. Sound intensity mapping without load (0 Nm) at (a),(b),(c) low speed and (d),(e),(f) high speed. 

Speed with medium load 

Figure 6(a) to 6(c) illustrates the mapping for each fuel with the presence of a medium load at 14 Nm and low rotational 
speed. It can be highlighted that the B20 mapping was nominated by the high-intensity level compared to D100 and B10 
with the application of load, especially at the centre of the engine and the engine mounting area. Once again, the enhanced 
combustion quality of B10 and B20 blends where the shorter ignition delay (ID) could possibly owe to lower pressure 
inside the cylinder [46–48]. In contrast to B20, B10 shows a remarkable reduction in noise emitted by the intake manifold, 
cylinder head and crank-link compared to D100 that can be explained due to the best viscosity level of blend that 
influencing the start of injection and injection pressure [49, 50]. Up to this point, the B10 blend was able to produce lower 
intensity level. 

Nevertheless, when the medium load was applied at the high engine speed, the D100 appeared to be the lowest 
intensity level in several points near the cylinder head area (left side of mapping), with the B10 that shows a considerably 
lower level compared to the B20. Still, in this condition, the area that is supposed to show a concentrated intensity located 
on the top right of the mapping, B10, generated the lowest level, as can be seen in Figure 6(d) to 6(f). Where the improved 
cetane number (CN) of B10 may be a considerable factor for the reduction of the loudness of engine noise [51], and this 
loudness was reported to be highly correlated with the SPL [52]. On top of that, the B20 blend present a constant level of 
intensity except for the right side, where the flywheel and dynamometer contribute the most noise emission together with 
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the crank operation. This may attribute to the mechanical-induced energy that were affected by the higher kinematic 
viscosity and density of the B20 [53, 54]. 

 
 

 
  

(a) D100 (b) B10 (c) B20 

   
(d) D100 (e) B10 (f) B20 

Figure 6. Sound intensity mapping for medium load of 14 Nm at (a),(b),(c) low speed and (d),(e),(f) high speed. 

Speed with high load 

However, when the high load was given to the engine, surprisingly, the B10 blend develops the highest intensity level 
on the right side, which concentrated on the dynamometer area and mechanical noise compared to other fuel, as displayed 
in Figure 7(a) to 7(f). This significant increase may be due to greater thermal efficiency that helps to develop higher noise 
levels [42]. Ironically, the B20 blend that usually nominates the highest level of intensity becomes the lowest in the overall 
noise level. It was revealed that the fuel properties of the blend might be more convenient with this parameter. 

As demonstrated in Figure 7(a), when the high rotational speed and high load were used, once again, D100 proves 
that it still produces the lowest intensity level in the left side area where the intake manifold, exhaust pipe and cylinder 
head located with the presence of load. Interestingly, the mapping reflects the increment of load could increase the noise 
level at the valve closures [55]. On the contrary, the B20 blend was found to be the highest at the high engine speed 
whereas, at the low engine speed, it was the lowest. It can be noted how the engine speed can affect the noise emission 
level produced by the engine since the fuel mixture process deteriorated that resulting in more abrupt HRR and 
consequently higher noise level [56]. Based on the intensity mapping results, it can be concluded that during the high 
engine speed and high load, the D100 fuel characteristics could tolerate the lower intensity level at several components. 
Along with the pattern of the mapping for all fuel tested, the components that major contributed to the noise generation 
were found to be the crankshaft, connecting rod and flywheel section. 

 

   
(a) D100 (b) B10 (c) B20 
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(d) D100 (e) B10 (f) B20 

Figure 7. Sound intensity mapping for high load of 28 Nm at (a),(b),(c) low speed and (d),(e),(f) high speed. 

Sound Power Level 
Regarding the SPL for all points, the values were plotted in the graph by using MATLAB to provide a clearer image 

for interpretation of data to show the difference in noise level for each type of fuel used. Each fuel’s data were plotted 
together in a single graph according to the same parameter. 

Low speed without load 

From Figure 8(a) data, parallel to the intensity level produced by the engine, the SPL for D100 shows the highest for 
overall noise level. Nevertheless, D100 represents the lowest SPL in the cylinder head area with a difference of 
approximately 4 dB compared to B10 and B20. As explained, the higher kinematic viscosity and density of biodiesel 
blends have influenced the process of injection in the engine [57]. In spite of that, both B10 and B20 have shown some 
improvements by the noise reduction in the engine mounting area, intake pipes and flywheel section. It can be discussed 
that the biodiesel blends were able to attenuate the air dynamic and mechanical noises produced by the engine [58]. 

Low speed with medium load 

Based on the results presented earlier, it can be clarified that even the B20 intensity mapping tends to be more intense 
compared to D100. D100 tends to produce higher SPL in several components, as referred to in Figure 8(b), where an 
obvious gap was observed between B10 and B20 at the crankshaft, belting and radiator. It is also notable that the biodiesel 
usage was able to tolerate the presence of medium load where both of the blends produce lower levels at the flywheel and 
dynamometer location. The extra oxygen content of biodiesel that helps to the appropriate fuel combustion was the 
potential cause to reduce the noise generated by reducing the knocking tendency [59]. Additionally, the higher cetane 
number of biodiesels tend to prevent a longer ignition delay and stronger premixed combustion; hence it improved the 
combustion duration [60]. 

Low speed with high load 

Figure 8(c) is quite revealing the variation results of SPL. Unlike the previous experimental setup, the B20 blend 
shows noteworthy mitigation of SPL, approximately around 3 dB compared to D100. At the same time, the rises of SPL 
in the B10 blend were contributed by the flywheel and dynamometer, as the incomplete combustion took placed due to 
the rich air-fuel mixture during high engine load [61]. It is visible that the trend has become more consistent with the 
increment of engine load. In spite of that, the highest SPL was generated by D100 at the radiator with a value of 93.09 
dB. Similarly, Patel et al. [32] reported that the noise from the radiator was noisy and influenced the overall external noise 
level. Overall, D100 still nominated the noise level produced by almost 2/3 total points of high SPL in the current setup. 
With the high brake load applied to the low engine speed, it could be sum up that regardless of the types of noise induction, 
biodiesel usage has improved the noise characteristics of the engine by the better fuel properties. 
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(a)  

 
(b) 

 
(c) 

Figure 8. Low speed (a) without load (0 Nm), (b) with a medium load of 14 Nm. (c) with a high load of 28 Nm. 

CONCLUSION 
In conclusion, the following points emerged from the present investigation: 

i. The engine speed and load were found to be the considerable factors that can cause an increment in the noise 
level through the excitation forces of the engine components. 

ii. Different blend ratios that give different fuel properties play an important role to enhance the noise level. In this 
study, the B10 blend tends to be the most suitable fuel that can reduce the noise level at the engine mounting, 
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intake manifold and dynamometer area. In contrast, by the overall noise level, the B20 shows a persistent 
attenuation of noise. 

iii. It is also notable that the baseline fuel could produce a low noise level at the intake manifold and cylinder head 
area when using high engine speed. 

iv. The results of the present study also suggest that mechanical noise could be the obvious noise source other than 
combustion and random sources. 

These findings provide that for future research where more blends of biodiesel or with an additive should be done in 
order to determine the most efficient substitution of fossil fuel in this new ecology system. 
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