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The purpose of this study is to investigate the evaporation characteristics of different 
types of fuels by applying the hot surface deposition test (HSDT). Generally, HSDT method 
is a simplified method to simulate fuel deposition in diesel engines. In this study, diesel 
fuel (DF) and palm oil biodiesel with different blend ratios (B10-B50) were used to 
evaluate the fuel droplet evaporation behavior on a heated aluminum alloy plate surface. 
Single fuel droplet was impinged on the heated plate at various surface temperatures (Ts). 
Important data from the evaporation characteristics was the maximum evaporation point 
(MEP), which is the temperature point where a droplet evaporates in the shortest lifetime 
(tlife). MEP is referred to identify the surface temperature range in which fewer deposits 
will be produced by the test fuel. Furthermore, MEP is also used to determine the 
appropriate droplet interval to create wet and dry conditions in the fuel deposition test. 
The obtained MEP was 360°C (DF), 365°C (B10, B50), 375°C (B20, B40), and 385°C (B30). 
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1. Introduction 
 

Two types of internal combustion engines that are globally used for transportation purposes are 
the diesel engine and gasoline engine, which are power-driven by petroleum diesel for the former 
and petrol for the latter [1]. These engines have their advantages that are commonly influenced by 
fuel use. Gasoline engine, usually runs on fuel with lower density compared to diesel fuel such as 
gasoline, ethanol, methanol, or mixtures between two types of fuels [2,3]. Due to its lower density, 
gasoline fuel possesses a higher evaporation rate than diesel fuel [4]. Furthermore, gasoline engines 
typically function with lower compression ratios, leading to reduced engine efficiencies. However, a 
notable benefit is the capability to achieve exceptionally low emissions, making them 
environmentally favourable [1]. Moreover, gasoline fuel with a high-octane number also has better 
resistance to auto-ignition, which makes its combustion rate more controllable and helps to avoid 
early ignition that can cause knocking in the engine [5]. However, in terms of thermal efficiency, 
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diesel engines are superior compared to gasoline engines. Biodiesel is commonly applied in diesel 
engines, especially in the transportation sector and it has gained popularity as a substitute for diesel 
fuel for having comparable performance such as thermal efficiency without the need for engine 
modification when used in diesel engines [6,7]. Although the widespread adoption of 100% biodiesel 
in commercial vehicles hasn't occurred yet, diesel-biodiesel blends, varying from 5% to 30% biodiesel 
mixed with pure diesel, are globally accepted and used in diesel engines with either no or minimal 
modifications [8,9]. In Malaysia, palm oil biodiesel is the most utilized biodiesel [10]. Furthermore, 
there are also abundant feedstock and resources of crude palm oil in this country [11,12]. However, 
one of the primary drawbacks when using biodiesel is the deposit development inside the 
combustion chamber, which could cause negative impacts on the engine such as on the emissions 
and mechanical performance as documented in our previous work [13]. The main challenge with pure 
biodiesel lies in its exceptionally elevated viscosity, which is 10 to 20 times greater than that of 
conventional diesel. Consequently, it is more favorable to blend it with regular diesel or other 
additives to address this concern [14]. In contrast to pure diesel, biodiesel exhibits increased carbon 
residues owing to differences in its chemical composition and molecular structure, thereby increasing 
the likelihood of carbon buildup within the combustion chamber [15]. Moreover, biodiesel 
application may result in severe engine problems and could damage the engine, especially for long-
term operation [16]. As discovered by Arifin et al., [17], biodiesel deposit development on diesel 
engine parts was considered a complex occurrence. Apart from that, deposits existing inside the 
combustion chamber of an engine are impossible to be avoided [18]. 

The wall temperature, the design of the fuel injector nozzle, the use of lubricants, and the kind of 
fuel itself are just a few of the variables that may have a significant impact on deposit development 
inside the combustion chamber of real engines. Other than that, Faik et al., [19] also stated that the 
amount of biodiesel in the blended mixture affects the biodiesel-neat diesel blend fuel evaporation 
characteristics, such as the evaporation lifetime. This suggests that because biodiesel burns more 
quickly than base diesel, adding it will result in greater fuel usage. Additionally, it is essential to 
understand single droplet evaporation characteristics since it shares many physical and chemical 
processes with spray characteristics [20]. Thus, researchers, engine makers, and designers are 
interested in the evaporation of liquid fuel droplets impinging on heated surfaces. The interest in this 
subject has been simulated by several researchers via the heated wall surface method in the early 
studies on the evaporation characteristics of fuel droplets [21-25]. The rate at which fuel evaporates 
on various hot surfaces, such as the combustion chamber, affects exhaust emissions, including PM 
and NOx, and its efficiency in compression ignition engines [25]. As indicated by Wang et al., [26], 
one of the most crucial reasons to research the evaporation properties of a single fuel droplet is to 
characterize spray vaporization and combustion. The author also noted that factors such as 
temperature, pressure, volatility, spray drop diameter, and drop velocity concerning the surrounding 
gas all affect the total rate of fuel evaporation. This is in agreement with Jadidbonab et al., [27], who 
investigated the diesel droplets impacting a heated aluminum substrate. The author discovered that 
several parameters such as ambient pressure, wall-surface temperature, surface conditions, and the 
liquid physical properties itself are influential towards the droplet evaporation characteristics. Other 
than that, Marlina et al., [28] studied the ignition and boiling of vegetable oil droplets. The author 
found that the long molecular structure in biodiesel, characterized by numerous unsaturated double 
bonds, results in elevated surface tension. This high surface tension hinders droplet formation, 
leading to a slow evaporation rate of the droplets and an inefficient atomization process. In her other 
work, Marlina et al., [29] also discovered that adding other types of oil could alter the molecular chain 
of triglyceride of a biodiesel, hence, affecting the evaporation characteristics of its droplet. 
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Mahulkar et al., [30], in their research, noted that specific applications necessitate distinct desired 
behaviors of droplets when they make contact with a heated solid surface. The author explained that, 
in the context of spray cooling, the expectation is for the entire droplet mass to be deposited onto 
the surface, minimizing splashing and rebound. Conversely, in fuel injection systems, a lower level of 
droplet adhesion to the surface is preferable because it enhances the efficiency of the evaporation 
process. In another investigation by Segawa et al., [31], the author claimed that it is evident that one 
of the crucial aspects of the overall processes involved in the combustion chamber is the evaporation 
process of fuel droplets on a heated surface. This also aligns with the findings of Mariani et al., [32], 
who noted that fuel characteristics like the size of fuel droplets and their momentum play a vital role 
in improving effective fuel blending while also decreasing the interaction of droplets with the walls 
of the combustion chamber. During the interaction between a droplet and a surface, various factors 
influence the behavior of a single fuel droplet, leading to different outcomes. In the literature, 
another parametric investigation on evaporation characteristics is the effect of surface roughness 
and inclination angle. As experimentally studied by Deendarlianto et al., [33], the authors discovered 
that a heated substrate with various inclined angles and surface roughness significantly affects the 
droplet evaporation behavior. Chakaneh et al., [34] also found that a heated solid surface with high 
surface roughness reduces the maximum spreading diameter of a droplet, which could accelerate 
the rate of evaporation and increase the formation of non-single droplet evaporation. Additionally, 
when a droplet impinges on an inclined surface, it will go through five stages, which are the kinetic 
stage, the spreading stage, the sliding stage, the retraction stage, and the stable wetting stage 
[35,36]. Other than that, the Weber number could also dictate the evaporation behavior of fuel 
droplets. Fujimoto et al., [37] explained that for high Weber numbers, inertial forces become more 
significant, and the droplet is more likely to break up into smaller droplets, leading to splash. On the 
other hand, for a lower Weber number, the droplet is more likely to spread, recede, and rebound 
from the surface after impact due to relatively small kinetic energy [38]. 

In this study, the effect of wall surface temperature and fuel properties (density and kinematic 
viscosity) on the evaporation characteristics of DF and Malaysian palm oil biodiesel (B10-B50) were 
examined. There was not enough research done on the evaporation behavior of fuel droplets on a 
heated surface. Therefore, this research intends to explore how droplets of a blend of Malaysian 
palm oil biodiesel and diesel evaporate on a heated aluminum surface, specifically using the HSDT 
method. The findings will be contrasted with those of pure diesel fuel to understand how the 
properties of the droplets affect their evaporation at specific temperatures. Moreover, the findings 
will be used to determine the parameter in the droplet repetition test (deposition test). In addition, 
the results from this test are important in identifying the temperature range in which fuel droplets 
for each test fuel evaporate faster, thus, decreasing the rate of deposit development. 
 
2. Methodology 
 

In this work, the test fuels used were DF and Malaysian palm oil biodiesel with a blend ratio of 
10% (B10), 20% (B20), 30% (B30), 40% (B40), and 50% (B50) by volume of biodiesel content blended 
with diesel fuel and the properties of these fuels are presented in Table 1. 
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Table 1 
Fuel properties of diesel fuel and palm oil biodiesel blend [39] 
Properties  Fuel 

DF B10 B20 B30 B40 B50 

Density (kg/m3) 847 850 853 857 860 863 
Kinematic viscosity (mm2/s) 3.8 3.86 3.91 3.95 3.97 4.00 
Heating value (MJ/kg) 45.21 44.23 44.12 43.13 42.95 42.74 
Acid value (mg KOH/g) 0.16 0.18 0.22 0.26 0.30 0.33 
Diameter of droplet (mm) 2.2 2.3 2.2 2.2 2.2 2.2 

 
The method that was utilized in this study was the Hot Surface Deposition Test (HSDT) method 

and the experimental setup schematic diagram is shown in Figure 1. This method is a simplified 
method to simulate and investigate the deposit formation inside the combustion chamber of an 
engine. The concept of this method is to investigate the evaporation characteristics of fuel droplets 
and fuel deposition on a heated aluminum alloy surface. In the previous studies by Jikol et al., [40,41], 
they found out that the maximum heat was generated on the center region of the aluminum alloy 
plate. Hence, when conducting the experiment, the fuel is being impinged on the center area as that 
is the hottest spot on the plate. The circular plate was fabricated from aluminum to simulate a piston, 
as pistons within internal combustion (IC) engines are primarily made from aluminum alloys [42,43]. 
Furthermore, the HSDT experimental concept has been applied in previous work regarding deposit 
formation on a hot surface [24,44]. 
 

 
Fig. 1. Schematic diagram of HSDT experimental setup 

 
In this experiment, the initial plate temperature was set to 250°C, and it was gradually increased 

in 5°C increments until reaching 430°C. The 5°C increment was chosen to carefully monitor even 
minor changes in droplet evaporation behavior. Furthermore, the temperature was raised to 430°C 
to ensure the occurrence of a non-single droplet evaporation state. In the case of diesel fuel, the time 
interval from when the droplet first makes contact with the hot plate surface until the completion of 
the evaporation process is defined as the droplet’s lifetime. However, in the context of multi-
component fuels like a blend of palm oil biodiesel and diesel fuel, the droplet's lifetime is measured 
until the remaining fuel is challenging to vaporize, and no further vapor is produced during the 
evaporation. To determine a more precise average evaporation time for each set of surface 
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temperatures, three evaporation times of a single fuel droplet were recorded. The behavior of the 
fuel droplets during the evaporation test was observed and noted appropriately. 
 
3. Results and Discussion 
 

Two evaporation states occurred during the evaporation process, which were identified as single 
droplet and non-single droplet evaporation states as illustrated in Figure 2. The main difference 
between the non-single droplet and single droplet during the evaporation process is non-single 
droplet involves fuel splashes while the latter does not. 
 

 
Fig. 2. General feature of evaporation characteristics 
[45] 

 
The droplet evaporation behavior for all test fuels was observed and recorded in Table 2. 

Meanwhile, the evaporation characteristics profile for each test fuel obtained from this test is 
presented in Figure 3 to Figure 8 and their comparison is illustrated in Figure 9. In Table 2, the droplet 
evaporation behavior of all test fuels is explained. Generally, all test fuels produced a single droplet 
evaporation state at the early stage of the experiment. However, when the plate temperature was 
raised above Ts=350°C, a non-single droplet evaporation state was more likely to occur. Moreover, 
more smoke and droplet splashes were produced at higher plate temperatures. In addition, when 
the plate temperature was increased to Ts=380°C, DF produced more smokes, more obvious non-
single droplet evaporation state, and more droplet splashes compared to B10-B50 fuel. This shows 
that without a biodiesel component in DF fuel, the droplet can evaporate completely at a faster rate. 
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Table 2 
Droplet evaporation behavior comparison 
Surface 
temperature, 
Ts (°C) 

Evaporation characteristics 

DF B10 B20 B30 B40 B50 

250 Single droplet, 
evaporates 
completely, 
moderate boiling 

Single droplet, 
boiling vigorously, 
left visible deposit 

Single droplet, 
moderate boiling, 

Single-droplet, moderate 
boiling, left small spot of 
deposit, more smoke 
 

Single droplet, some 
droplets evaporate 
completely, moderate 
boiling, left tiny spots of 
deposit 

Single droplet, 
evaporates completely, 
moderate boiling 

260 
270 
280 
290 
300 
310 Almost evaporated 

completely, small 
spot left 

320 More smoke, boiling 
vigorously, still single 
droplet 330 Evaporate 

completely, more 
smoke, but still 
moderate boiling 

Almost evaporated 
completely, vigorously 
boiling, left a more 
visible small spot of 
deposit, more smoke 

Still single droplet, more 
smoke, boiling 
vigorously, evaporates 
completely 

340 Droplet spreads 
(non-single droplet 
lookalike) but no 
splash, boiling 
vigorously 

350 Non-single droplet, a 
lot of smoke, a lot of 
splashes, completely 
dry deposit/tiny 
deposit 

Evaporate 
completely, boiling 
vigorously, more 
smoke, still single 
droplet 

Droplet spreads (non-
single droplet lookalike), 
no splash, evaporates 
completely 

360 Non-single droplet but 
not so obvious 

Droplet spreads and 
evaporates like non-
single droplet but 
without splash 

370 Non-single droplet 
but not obvious 

Non-single droplet 
and single droplet 
appear, vigorously 
boiling, less splash 
compared to B10 

Completely evaporate, 
non-single droplet, big 
bubble boiling 

Boiling vigorously 
(bubble), a lot of smoke, 
evaporates completely 380 More obvious non-

single droplet, 
more splash 
compared to B10-
B50, more smoke, 
evaporates 
completely 

Non-single droplet 
390 More obvious non-single 

droplet 
More obvious non-single 
droplet, more non-single 
droplet compared to 
B30, more smoke 

Non-single droplet but 
not too obvious 

400 Non-single droplet, more 
splash 410 More obvious non-

single droplet, more 
splash 

More obvious non-single 
droplet and splash 420 

430 
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As can be seen from the evaporation characteristics profile in Figure 3, the droplet lifetime of all 
test fuels decreased as the heated plate surface temperature was raised. For DF evaporation, its 
average evaporation lifetime which was around tlife=40 seconds was the shortest among other test 
fuels at Ts=250°C. Moreover, the MEP obtained for DF was also the lowest at MEP=360°C. When the 
hot surface temperature was increased approaching Ts=300°C, the average evaporation lifetime of 
DF became lower than tlife=10 seconds. However, at a hot plate surface temperature of Ts=350°C, a 
non-single droplet evaporation state occurred and in terms of droplet splashes and smoke produced, 
DF was greater compared to other fuels. 
 

 
Fig. 3. Evaporation characteristics profile of DF 

 
As for B10 fuel in Figure 4, its average droplet lifetime declined gradually with the increase of hot 

plate surface temperature. The longest droplet lifetime for B10 fuel was around tlife=61 seconds at a 
hot plate temperature of Ts=250°C. Moreover, the non-single droplet evaporation state occurred 
below the hot plate surface temperature of Ts=350°C. The MEP obtained for B10 fuel was 
MEP=365°C, which is higher compared to that of DF. In addition, the plate surface temperature in 
which the non-single droplet evaporation state occurred was also lower than the MEP for B10 fuel. 
In terms of deposit splashes and smoke produced, these occurrences were significantly visible after 
the hot plate surface temperature exceeded Ts=350°C. 

At plate surface temperature of Ts=250°C, the droplet lifetime of B20 fuel was around tlife=61 
seconds, which was longer than that of DF and B10 fuel. This is clearly shown in Figure 5. The MEP 
obtained for B20 fuel was MEP=375°C, which was higher than DF and B10 fuel. As can be seen in the 
figure, the non-single droplet evaporation state existed after the hot plate surface temperature 
exceeded Ts=350°C, however, still less than the obtained MEP for B20 fuel. As for B10 fuel, deposit 
splashes and smoke were also more visible after the hot plate surface temperature exceeded 
Ts=350°C. 
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Fig. 4. Evaporation characteristics profile of B10 

 

 
Fig. 5. Evaporation characteristics profile of B20 

 
In Figure 6, the MEP obtained for B30 fuel was MEP=385°C, which was the highest among the test 

fuels, and a non-single droplet evaporation state was observed after the hot plate surface 
temperature reached around Ts=350°C, which is significantly lower than the obtained MEP. 
Additionally, when compared to fuel with a higher blend ratio (B40 and B50), the longest droplet 
lifetime was recorded for B30 fuel which was around tlife=75 seconds at hot plate surface temperature 
Ts=250°C. This shows that biodiesel content in B30 fuel has a greater influence on its evaporation 
profile than that of its DF component at a lower wall temperature before the MEP region. 
Furthermore, at a hot plate surface temperature around Ts=350°C, more smokes were produced. 
Meanwhile, deposit splashes became more obvious at hot plate surface temperature around 
Ts=400°C. 
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Fig. 6. Evaporation characteristics profile of B30 

 
As for B40 fuel in Figure 7, the obtained MEP was MEP=375°C, which is lower compared to that 

of B30 fuel, even though B40 contains a higher percentage of biodiesel in its mixture. In addition, the 
non-single droplet evaporation state only existed after the hot plate surface temperature reached 
around Ts=375°C, which is similar to the obtained MEP of B40 fuel. The obtained droplet lifetime was 
around tlife=69 seconds at hot plate surface temperature Ts=250°C. Furthermore, the evaporation 
lifetime of B40 fuel decreased the fastest, which was around tlife=58 seconds at Ts=280°C to around 
tlife=16 seconds at Ts=300°C. This indicates that B40 fuel was mainly affected by its DF component 
rather than its pure biodiesel content before the MEP region. In terms of smokes and deposit splashes 
produced, the occurrences were almost identical to that of B30 fuel, in which more smokes were 
visible at hot plate surface temperature around Ts=350°C and deposit splashes became more obvious 
at hot plate surface temperature around Ts=400°C. 
 

 
Fig. 7. Evaporation characteristics profile of B40 
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In terms of smoke produced, more smoke was visible after the hot plate surface temperature 
reached Ts=320°C. On the other hand, deposit splashes became more obvious at hot plate surface 
temperature around Ts=400°C. At plate surface temperature of Ts=250°C, the droplet lifetime of B50 
fuel was around tlife=67 seconds. In Figure 8, the non-single droplet evaporation state for B50 fuel 
also occurred at plate surface temperature higher than Ts=350°C. Interestingly, the MEP for B50 fuel 
was MEP=365°C, which was less than that of B20 fuel and B40 fuel, and significantly lower compared 
to the MEP obtained for B30 fuel. Theoretically, the MEP value should be higher for biodiesel fuel 
with a higher blend ratio as the density and kinematic viscosity are greater. Despite the effort of 
storing the fuels in proper containers that were secured firmly and kept away from sources of high 
temperature, the auto-oxidation process in an atmospheric condition during storage of the fuels may 
have slightly altered the physicochemical properties of some fuels. Nevertheless, it can be concluded 
that the evaporation lifetime of fuels decreases as the surface temperature of the heated plate 
increases [21]. The droplet interval to create wet and dry conditions in the fuel deposition test can 
also be determined by referring to the MEP value for each fuel. Furthermore, the temperature region 
in which fewer deposits will develop can be referred from the MEP obtained for each test fuel. 
 

 
Fig. 8. Evaporation characteristics profile of B50 

 
As can be seen from the comparison in Figure 9, the gap between the evaporation profile for B10-

B50 fuel is narrower. However, if compared to that of DF, there is a wider gap in DF evaporation 
profile from other fuels. Furthermore, DF has the shortest evaporation lifetime at Ts=250°C. This 
indicates that the absence of other fuel components in DF makes it evaporate faster than that of 
fuels with biodiesel components. Other than that, above Ts=400°C, the evaporation state for all test 
fuels is non-single droplet evaporation, which means that more droplet splashes will be produced. 
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Fig. 9. Evaporation characteristics profile comparison 

 
4. Conclusions 
 

It was figured out that during the test, there was single and non-single droplet evaporation 
behavior that was influenced by the hot plate temperature and the type of fuel itself. The 
temperature region in which the non-single droplet evaporation occurs is important to be identified 
as it is the region where deposit splashes are produced. Based on the observation of the evaporation 
behavior, DF droplet evaporation stands out for generating heightened droplet splashes and smoke, 
potentially leading to increased fuel adhesion on surfaces and augmented deposit formation. The 
insights into fuel evaporation characteristics offer a valuable understanding of initial wetting, 
droplet-surface interaction, and droplet lifetime prediction, contributing to explanations of deposit 
buildup on heated surfaces. Furthermore, based on the evaporation characteristics test, the obtained 
MEP was 360°C (DF), 365°C (B10, B50), 375°C (B20, B40), and 385°C (B30). In theory, the MEP value 
should be higher for fuel with higher biodiesel content as the density and kinematic viscosity are 
greater. This intricate interplay of temperature, droplet behavior, and fuel type provides valuable 
insights into the combustion characteristics and performance variations. Additionally, these MEP 
values are used in determining the suitable experiment parameters (hot plate temperature and 
droplet interval) of the fuel deposition test. 
 
Acknowledgement 
This study is funding by Ministry of Higher Education (MOHE) of Malaysia through the Fundamental 
Research Grant Scheme (FRGS), No. FRGS/1/2020/TK0/UTEM/02/20. The authors also would like to 
thank Universiti Teknikal Malaysia Melaka (UTeM) for all the supports. 
 
References 
[1] Simbi, Ines, Uyiosa Osagie Aigbe, Oluwaseun Oyekanmi Oyekola, and Otolorin Adelaja Osibote. "Chemical and 

quality performance of biodiesel and petrol blends." Energy Conversion and Management: X 15 (2022): 100256. 
https://doi.org/10.1016/j.ecmx.2022.100256  

[2] Raza, Ali, Muhammad Khurram, Muhammad Ahsan Pervaiz Khan, Asif Durez, and Liaquat Ali Khan. "Comparison of 
Evaporation in Conventional Diesel and Bio-Fuel Droplets in Engine Cylinder." Exergy - New Technologies and 
Applications, IntechOpen (2023). https://doi.org/10.5772/intechopen.110683  

https://doi.org/10.1016/j.ecmx.2022.100256
https://doi.org/10.5772/intechopen.110683


Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 114, Issue 2 (2024) 66-79 

77 
 

[3] Calam, Alper, Bilal Aydoğan, and Serdar Halis. "The comparison of combustion, engine performance and emission 
characteristics of ethanol, methanol, fusel oil, butanol, isopropanol and naphtha with n-heptane blends on HCCI 
engine." Fuel 266 (2020): 117071. https://doi.org/10.1016/j.fuel.2020.117071  

[4] Gupta, Saurabh Kumar, and Anand Krushnasamy. "Evaporation Rate Analysis of Different Fuel Blends for Low- 
Evaporation Rate Analysis of Different Fuel Blends for Low Temperature Combustion Engine Applications." In 
Proceedings of the International Conference on Sustainable Energy and Environmental Challenges (SEEC-2018), pp. 
1-4. IISc, 2018. 

[5] Xu, Leilei, Mark Treacy, Yan Zhang, Amir Aziz, Martin Tuner, and Xue-Song Bai. "Comparison of efficiency and 
emission characteristics in a direct-injection compression ignition engine fuelled with iso-octane and methanol 
under low temperature combustion conditions." Applied Energy 312 (2022): 118714. 
https://doi.org/10.1016/j.apenergy.2022.118714  

[6] Zulkurnai, Fatin Farhanah, Norhidayah Mat Taib, Wan Mohd Faizal Wan Mahmood, and Mohd Radzi Abu Mansor. 
"Combustion characteristics of diesel and ethanol fuel in reactivity controlled compression ignition engine." Journal 
of Advanced Research in Numerical Heat Transfer 2, no. 1 (2020): 1-13. 

[7] Syahmi, Anwar, Mas Fawzi, Shahrul Azmir Osman, and Harrison Lau. "Engine Performance and Exhaust Emission 
Effect of Increasing Euro5 Diesel Fuel Blended with 7% to 30% Palm Biodiesel." Journal of Advanced Research in 
Applied Sciences and Engineering Technology 28, no. 2 (2022): 34-40. https://doi.org/10.37934/araset.28.2.3440  

[8] Maksom, Mohammad Syahadan, Nurul Fitriah Nasir, Norzelawati Asmuin, Muhammad Faqhrurrazi Abd Rahman, 
and Riyadhthusollehan Khairulfuaad. "Biodiesel composition effects on density and viscosity of diesel-biodiesel 
blend: a CFD study." CFD Letters 12, no. 4 (2020): 100-109. https://doi.org/10.37934/cfdl.12.4.100109  

[9] Sarwani, Muhamad Khairul Ilman, Mas Fawzi, Shahrul Azmir Osman, Anwar Syahmi, and Wira Jazair Yahya. 
"Calculation of Specific Exhaust Emissions of Compression Ignition Engine Fueled by Palm Biodiesel Blend." Journal 
of Advanced Research in Applied Sciences and Engineering Technology 27, no. 1 (2022): 92-96. 
https://doi.org/10.37934/araset.27.1.9296  

[10] Yusoff, Mohd Nur Ashraf Mohd, Nurin Wahidah Mohd Zulkifli, Nazatul Liana Sukiman, Ong Hwai Chyuan, Masjuki 
Haji Hassan, Muhammad Harith Hasnul, Muhammad Syahir Amzar Zulkifli, Muhammad Mujtaba Abbas, and 
Muhammad Zulfattah Zakaria. "Sustainability of palm biodiesel in transportation: a review on biofuel standard, 
policy and international collaboration between Malaysia and Colombia." Bioenergy Research 14 (2021): 43-60. 

[11] Rahman, Nik Kechik Mujahidah Nik Abdul, Syamimi Saadon, and Mohd Hasrizam Che Man. "Waste Heat Recovery 
of Biomass Based Industrial Boilers by Using Stirling Engine." Journal of Advanced Research in Fluid Mechanics and 
Thermal Sciences 89, no. 1 (2022): 1-12. https://doi.org/10.37934/arfmts.89.1.112  

[12] Jikol, F., M. Z. Akop, Y. M. Arifin, M. A. Salim, and S. G. Herawan. "Biofuel Development in Malaysia: Challenges and 
Future Prospects of Palm Oil Biofuel." International Journal of Nanoelectronics and Materials 15 (2022): 159-181. 

[13] Jikol, F., M. Z. Akop, Y. M. Arifin, M. A. Salim, and S. G. Herawan. "Deposits Formation, Emissions, and Mechanical 
Performance of Diesel Engine Fuelled with Biodiesel: A Review." International Journal of Nanoelectronics and 
Materials 15 (2022): 125-145. 

[14] Fayad, Mohammed A., Miqdam T. Chaichan, and Hayder A. Dhahad. "Engine performance and PM concentrations 
from the combustion of Iraqi sunflower oil biodiesel under variable diesel engine operating conditions." In Journal 
of Physics: Conference Series, vol. 1973, no. 1, p. 012051. IOP Publishing, 2021. https://doi.org/10.1088/1742-
6596/1973/1/012051  

[15] Shehata, Mohamed Saied. "Emissions, performance and cylinder pressure of diesel engine fuelled by biodiesel 
fuel." Fuel 112 (2013): 513-522. https://doi.org/10.1016/j.fuel.2013.02.056  

[16] Hoang, Anh Tuan, and Van Viet Pham. "Impact of jatropha oil on engine performance, emission characteristics, 
deposit formation, and lubricating oil degradation." Combustion Science and Technology 191, no. 3 (2019): 504-
519. https://doi.org/10.1080/00102202.2018.1504292  

[17] Arifin, Yusmady Mohamed, Tomohiko Furuhata, Masahiro Saito, and Masataka Arai. "Diesel and bio-diesel fuel 
deposits on a hot surface." Fuel 87, no. 8-9 (2008): 1601-1609. https://doi.org/10.1016/j.fuel.2007.07.030  

[18] Pham, Van Viet, and Danh Chan Nguyen. "A brief review of formation mechanisms, properties and affecting factors 
of combustion chamber deposits in diesel engines using biodiesel." In AIP Conference Proceedings, vol. 2292, no. 
1. AIP Publishing, 2020. https://doi.org/10.1063/5.0030964  

[19] Faik, Ahmad Muneer El-Deen, Yang Zhang, and Sérgio de Morais Hanriot. "Droplet combustion characteristics of 
biodiesel-diesel blends using high speed backlit and schlieren imaging." Heat Transfer Engineering 40, no. 13-14 
(2018): 1085-1098. https://doi.org/10.1080/01457632.2018.1457209  

[20] Aggarwal, Suresh K. "Single droplet ignition: Theoretical analyses and experimental findings." Progress in Energy 
and Combustion Science 45 (2014): 79-107. https://doi.org/10.1016/j.pecs.2014.05.002  

[21] Arifin, Yusmady Mohamed, and Masataka Arai. "The effect of hot surface temperature on diesel fuel deposit 
formation." Fuel 89, no. 5 (2010): 934-942. https://doi.org/10.1016/j.fuel.2009.07.014  

https://doi.org/10.1016/j.fuel.2020.117071
https://doi.org/10.1016/j.apenergy.2022.118714
https://doi.org/10.37934/araset.28.2.3440
https://doi.org/10.37934/cfdl.12.4.100109
https://doi.org/10.37934/araset.27.1.9296
https://doi.org/10.37934/arfmts.89.1.112
https://doi.org/10.1088/1742-6596/1973/1/012051
https://doi.org/10.1088/1742-6596/1973/1/012051
https://doi.org/10.1016/j.fuel.2013.02.056
https://doi.org/10.1080/00102202.2018.1504292
https://doi.org/10.1016/j.fuel.2007.07.030
https://doi.org/10.1063/5.0030964
https://doi.org/10.1080/01457632.2018.1457209
https://doi.org/10.1016/j.pecs.2014.05.002
https://doi.org/10.1016/j.fuel.2009.07.014


Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 114, Issue 2 (2024) 66-79 

78 
 

[22] Kompinsky, E., G. Dolan, and E. Sher. "Experimental study on the dynamics of binary fuel droplet impacts on a 
heated surface." Chemical Engineering Science 98 (2013): 186-194. https://doi.org/10.1016/j.ces.2013.04.047  

[23] Suryantoro, Muhammad Taufiq, Bambang Sugiarto, Danniel Chistian, Bintang Samudra, and Zofarizal Gusfa. 
"Deposit characterization of a diesel engine combustion chamber by droplets at hot chamber temperature: Effect 
of temperature on evaporation time and deposit structure." International Journal of Technology 7, no. 8 (2016): 
1372-1380. https://doi.org/10.14716/ijtech.v7i8.6936  

[24] Pham, Van Viet. "Analyzing the effect of heated wall surface temperatures combustion chamber deposit 
formation." Journal of Mechanical Engineering Research & Developments (JMERD) 41, no. 4 (2018): 17-21. 
https://doi.org/10.26480/jmerd.04.2018.17.21  

[25] Zare, Mehdi, Barat Ghobadian, Seyed Reza Hassan-Beygi, and Gholamhasan Najafi. "Evaporation Characteristics of 
Diesel and Biodiesel Fuel Droplets on Hot Surfaces." Journal of Renewable Energy and Environment 7, no. 2 (2020): 
1-7. 

[26] Wang, Fang, Rui Liu, Min Li, Jie Yao, and Jie Jin. "Kerosene evaporation rate in high temperature air stationary and 
convective environment." Fuel 211 (2018): 582-590. https://doi.org/10.1016/j.fuel.2017.08.062  

[27] Jadidbonab, Hesamaldin, Ilias Malgarinos, Ioannis Karathanassis, Nicholas Mitroglou, and Manolis Gavaises. "We-T 
classification of diesel fuel droplet impact regimes." Proceedings of the Royal Society A: Mathematical, Physical and 
Engineering Sciences 474, no. 2215 (2018): 20170759. https://doi.org/10.1098/rspa.2017.0759  

[28] Marlina, Ena, W. Wijayanti, L. Yuliati, and I. N. G. Wardana. "The role of pole and molecular geometry of fatty acids 
in vegetable oils droplet on ignition and boiling characteristics." Renewable Energy 145 (2020): 596-603. 
https://doi.org/10.1016/j.renene.2019.06.064  

[29] Marlina, Ena, W. Wijayanti, Lilis Yuliati, and I. N. G. Wardana. "The role of 1.8-cineole addition on the change in 
triglyceride geometry and combustion characteristics of vegetable oils droplets." Fuel 314 (2022): 122721. 
https://doi.org/10.1016/j.fuel.2021.122721  

[30] Mahulkar, Amit V., Guy B. Marin, and Geraldine J. Heynderickx. "Droplet-wall interaction upon impingement of 
heavy hydrocarbon droplets on a heated wall." Chemical Engineering Science 130 (2015): 275-289. 
https://doi.org/10.1016/j.ces.2015.03.012  

[31] Segawa, Daisuke, Toshikazu Kadota, Shinji Nakaya, Kazuma Takemura, and Taketsugu Sasaki. "A liquid film or 
droplet of miscible binary fuel burning on a heated surface at elevated pressures." Proceedings of the Combustion 
Institute 32, no. 2 (2009): 2187-2194. https://doi.org/10.1016/j.proci.2008.06.080  

[32] Mariani, Valerio, Gian Marco Bianchi, Giulio Cazzoli, and Stefania Falfari. "Fuel droplet-wall impingement under 
GDI-like conditions: A numerical investigation." In AIP Conference Proceedings, vol. 2191, no. 1. AIP Publishing, 
2019. https://doi.org/10.1063/1.5138840  

[33] Deendarlianto, Deendarlianto, Yasuyuki Takata, Masamichi Kohno, Sumitomo Hidaka, Takaaki Wakui, Akmal Irfan 
Majid, Hadiyan Yusuf Kuntoro, Indarto Indarto, and Adhika Widyaparaga. "The effects of the surface roughness on 
the dynamic behavior of the successive micrometric droplets impacting onto inclined hot surfaces." International 
Journal of Heat and Mass Transfer 101 (2016): 1217-1226. 
https://doi.org/10.1016/j.ijheatmasstransfer.2016.05.132  

[34] Chakaneh, J. Zohrabi, S. M. Javid, and Mohammad Passandideh-Fard. "Surface roughness effect on droplet impact 
characterization: Experimental and theoretical study." Journal of Mechanical Engineering and Sciences 13, no. 2 
(2019): 5104-5125. https://doi.org/10.15282/jmes.13.2.2019.23.0420  

[35] Zhai, Jiachen, Seong-Young Lee, Nitisha Ahuja, Le Zhao, and Xiucheng Zhu. "An energy model of droplet 
impingement on an inclined wall under isothermal and non-isothermal environments." International Journal of 
Heat and Mass Transfer 156 (2020): 119892. https://doi.org/10.1016/j.ijheatmasstransfer.2020.119892  

[36] Wang, Lingzi, Jianmei Feng, Tiendat Dang, and Xueyuan Peng. "Dynamics of oil droplet impacting and wetting on 
the inclined surfaces with different roughness." International Journal of Multiphase Flow 135 (2021): 103501. 
https://doi.org/10.1016/j.ijmultiphaseflow.2020.103501  

[37] Fujimoto, Hitoshi, Shogo Sakane, Takayuki Hama, and Hirohiko Takuda. "Transient contact behavior of aqueous 
polymer solution droplets with transparent hot solid." Experimental Thermal and Fluid Science 96 (2018): 1-10. 
https://doi.org/10.1016/j.expthermflusci.2018.02.026  

[38] Faik, A. M. E.-D., Maathe Abdulwahed Theeb, and Yang Zhang. "Post-impact characteristics of a diesel-in-water 
emulsion droplet on a flat surface below the leidenfrost temperature." International Journal of Renewable Energy 
Development 10, no. 2 (2021): 297-306. https://doi.org/10.14710/ijred.2021.34036  

[39] Ali, Obed M., Rizalman Mamat, Nik R. Abdullah, and Abdul Adam Abdullah. "Analysis of blended fuel properties and 
engine performance with palm biodiesel-diesel blended fuel." Renewable Energy 86 (2016): 59-67. 
https://doi.org/10.1016/j.renene.2015.07.103  

[40] Jikol, F., M. Z. Akop, Y. M. Arifin, M. A. Salim, and S. G. Herawan. "A Study of Steady-State Thermal Distribution on 
Circular Plate Using ANSYS." International Journal of Nanoelectrics and Materials 14 (2021): 479-488. 

https://doi.org/10.1016/j.ces.2013.04.047
https://doi.org/10.14716/ijtech.v7i8.6936
https://doi.org/10.26480/jmerd.04.2018.17.21
https://doi.org/10.1016/j.fuel.2017.08.062
https://doi.org/10.1098/rspa.2017.0759
https://doi.org/10.1016/j.renene.2019.06.064
https://doi.org/10.1016/j.fuel.2021.122721
https://doi.org/10.1016/j.ces.2015.03.012
https://doi.org/10.1016/j.proci.2008.06.080
https://doi.org/10.1063/1.5138840
https://doi.org/10.1016/j.ijheatmasstransfer.2016.05.132
https://doi.org/10.15282/jmes.13.2.2019.23.0420
https://doi.org/10.1016/j.ijheatmasstransfer.2020.119892
https://doi.org/10.1016/j.ijmultiphaseflow.2020.103501
https://doi.org/10.1016/j.expthermflusci.2018.02.026
https://doi.org/10.14710/ijred.2021.34036
https://doi.org/10.1016/j.renene.2015.07.103


Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 114, Issue 2 (2024) 66-79 

79 
 

[41] Jikol, F., M. Z. Akop, Y. M. Arifin, M. A. Salim, and S. G. Herawan. "Transient Thermal Analysis on Convection Process 
of Circular Plate Used in Hot Surface Deposition Test Rig." International Journal of Nanoelectronics and Materials 
15 (2022): 147-157. 

[42] Doetein, Isaac, Lutendo Muremi, and Pitshou Bokoro. "An Analysis of geometry characteristics of metal oxide blocks 
on heat flow rate using Finite Element Analysis." In 2020 IEEE Electrical Insulation Conference (EIC), pp. 163-166. 
IEEE, 2020. https://doi.org/10.1109/EIC47619.2020.9158759  

[43] Srikanth, P. V., B. V. V. P. Rao, K. M. Laxmi, and N. HariBabu. "Material coating optimization and thermal analysis of 
a four stroke CI engine piston." International Journal of Mechanical Engineering and Technology 8, no. 8 (2017): 
988-997. 

[44] Suryantoro, M. T., H. Setiapraja, S. Yubaidah, Bambang Sugiarto, A. B. Mulyono, M. I. Attharik, T. Halomoan, and 
M. R. Ariestiawan. "Effect of temperature to diesel (B0) and biodiesel (B100) fuel deposits forming." In AIP 
Conference Proceedings, vol. 2062, no. 1. AIP Publishing, 2019. https://doi.org/10.1063/1.5086591  

[45] Arifin, Yusmady Mohamed, Tomohiko Furuhata, Masahiro Saito, and Masataka Arai. "Diesel and bio-diesel fuel 
deposits on a hot surface." Fuel 87, no. 8-9 (2008): 1601-1609. https://doi.org/10.1016/j.fuel.2007.07.030  

 
 
 

https://doi.org/10.1109/EIC47619.2020.9158759
https://doi.org/10.1063/1.5086591
https://doi.org/10.1016/j.fuel.2007.07.030

