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The purpose of this work is to investigate the effect of droplet impingement interval on 
deposition characteristics of diesel fuel (DF) and palm oil biodiesel with different blending 
ratios (B10-B50) by applying the hot surface deposition test (HSDT). Generally, HSDT 
method is a simplified method to simulate fuel deposition in diesel engines by impinging 
fuel droplets on a heated aluminum alloy plate surface. The mass of accumulated deposits 
after droplets ND=16000 for impingement interval of timp=7 seconds (dry condition) 
MR=3.7mg (DF), MR=3.9mg (B10), MR=17.1mg (B20), MR=24.0mg (B30), MR=25.1mg (B40), 
and MR=28.8mg (B50). For impingement interval of timp=3 seconds (wet condition), the 
deposit mass was MR=4.4mg (DF), MR=8.9mg (B10), MR=20.4mg (B20), MR=31.1mg (B30), 
MR=62.4mg (B40), and MR=58.2mg (B50). In terms of deposit surface temperature, the 
recorded average minimum and maximum deposit surface temperatures were between 
Td=295°C to Td=325°C (timp=7 seconds) and Td=200°C to Td=300°C (timp=3 seconds) for DF. 
For B10-B50, the deposit surface temperatures were around Td=290°C to Td=350°C (timp=7 
seconds) and below Td=200°C for impingement interval of timp=3 seconds. 
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1. Introduction 
 

Biodiesel has gained popularity as a replacement for diesel fuel for having comparable 
performance without the need for engine modification when used in diesel engines [1]. In Malaysia, 
palm oil biodiesel is the most utilized biodiesel owing to its easy access to feedstock and abundant 
resources of crude palm oil [2,3]. However, in our previous work, we found out that one of the main 
disadvantages 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 [4]. Furthermore, severe issues such as combustion chamber part problems and engine 
damage could occur especially for long-term operation involving biodiesel applications [5]. Apart 
from that, biodiesel deposit development on diesel engine parts was considered a complex 
occurrence [6]. Moreover, it is inevitable to prevent the presence of deposits within the engine's 
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combustion chamber [7]. Therefore, to address this concern, it is more advantageous to blend 
biodiesel with conventional diesel or other additives [8]. 

The performance of a diesel engine is notably influenced by both the properties of the fuel and 
the characteristics of the fuel injection system, as emphasized by Abdelrazek et al., [9]. However, the 
primary challenge with pure biodiesel lies in its exceptionally high viscosity, which is 10 to 20 times 
greater compared to ordinary diesel fuel. In addition, when used in the engine, diesel fuel displays a 
well-developed spray, whereas biodiesel exhibits poor atomization with a fast-travelling spray and 
slow dispersion [10,11]. When compared to diesel fuel, biodiesel typically exhibits characteristics 
such as a lower heating value, higher density, higher kinematic viscosity, and a higher flash point. 
These properties can lead to poor atomization and combustion performance in engines [12,13]. This 
is a result of the fuel droplets growing larger in the engine during fuel atomization. Larger fuel 
droplets will take longer to ignite. Fuels with a higher viscosity will ignite more slowly than those with 
a lower viscosity. As a result, deposit formation rates may likely to rise. In addition, increased viscosity 
and reduced volatility of the fuel can result in poor fuel atomization and air-fuel mixing, primarily due 
to larger fuel droplets during the atomization process within the engine. Larger fuel droplets 
contribute to a longer ignition delay, and fuels with higher viscosity tend to exhibit a greater ignition 
delay compared to fuels with lower viscosity. Consequently, this extended ignition delay can lead to 
an increased propensity for deposit formation [14]. Other than that, ignition delay is one of the most 
influential parameters affecting both the engine's heat release rate and its emissions, where partially 
reacted carbon of the fuel hydrocarbon and the incomplete burning of the liquid fuel leads to the 
formation of soot [15]. Furthermore, the ignition delay is also a crucial parameter for determining an 
engine's knocking characteristics, as mentioned by Bui et al., [16]. 

Faik et al., [17] found that the proportion of biodiesel in blended fuels affects the evaporation 
characteristics of biodiesel-diesel mixtures, including the evaporation lifetime. The proportion of 
biodiesel in a blend can also influence the size of spray droplets in the combustion process. A higher 
proportion of biodiesel can result in larger droplet sizes, which can negatively impact the quality of 
spray characteristics in a diesel engine, leading to suboptimal performance [12,18]. Researchers, 
engine manufacturers, and designers are particularly interested in how liquid fuel droplets evaporate 
when they come into contact with heated surfaces, such as the combustion chamber. When a fuel 
droplet interacts with a surface, multiple factors come into play, influencing the droplet's behaviour 
and resulting in various outcomes. Mahulkar et al., [19] observed that different applications require 
distinct behaviours from droplets when they contact a heated solid surface. Reis [20] explained that 
several factors, including droplet diameter, impact velocity, saturation temperature, viscosity, and 
surface tension, all closely related to the liquid's properties, determine the forces acting on a droplet 
during the impingement process, which subsequently affect the deposition mechanism. However, 
quantifying the exact forces acting on an impinged single fuel droplet, especially in numerical terms, 
is a challenging task. Furthermore, Liang and Mudawar [21] suggested that the characteristics of the 
solid surface, including diffusivity, wettability, surface roughness, and surface temperature, have a 
significant impact on the dynamics of impinged droplets during the impact process. 

The rate at which fuel evaporates on heated surfaces directly impacts exhaust emissions, 
including particulate matter (PM) and nitrogen oxides (NOx), as well as the efficiency of compression 
ignition engines [22]. According to Wang et al., [23], one of the primary reasons for studying the 
evaporation properties of individual fuel droplets is to better understand spray vaporization and 
combustion. The author also emphasized that various factors, such as temperature, pressure, fuel 
volatility, spray droplet diameter, and droplet velocity relative to the surrounding gas, all contribute 
to the overall rate of fuel evaporation. This finding aligns with the conclusions of Mariani et al., [24], 
who emphasized that fuel characteristics, including droplet size and momentum, are pivotal in 
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improving effective fuel mixing while reducing the interaction of droplets with the chamber walls. By 
employing the HSDT method, this study focuses on understanding the impact of droplet impingement 
interval (dry and wet conditions) and fuel properties, such as density and kinematic viscosity, on the 
deposition characteristics of a blend of diesel fuel (DF) and Malaysian palm oil biodiesel (B10-B50). 
In addition, this research aims to investigate how different droplet impingement intervals affect the 
deposition process during the droplet repetitions test. The findings in this study are important in 
identifying the conditions in which deposits are more likely to be produced at a higher rate. 
 
2. Methodology 
 

The fuels used in this study were DF and Malaysian palm oil biodiesel with a blending ratio of 10% 
(B10), 20% (B20), 30% (B30), 40% (B40), and 50% (B50) by volume of biodiesel content blended with 
diesel fuel. The properties of these fuels are presented in Table 1. 
 

Table 1 
Fuel properties of diesel fuel and palm oil biodiesel blend [25] 
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 

 
To simulate the deposit formation inside the combustion chamber, the Hot Surface Deposition 

Test (HSDT) method was utilized. The HSDT method is a simplified method to investigate the 
evaporation characteristics of fuel droplets and fuel deposition on a heated aluminum alloy surface. 
Our earlier research revealed that the aluminium alloy plate's centre region produced the most heat 
[26,27]. Since the centre of the plate is the hottest place, it is where the fuel will be applied during 
the experiment. Since aluminium alloys are typically used to make pistons for internal combustion 
(IC) engines, the circular plate was constructed out of aluminium to resemble a piston [28,29]. 
Moreover, in earlier research on deposit formation on a hot surface, the HSDT experimental 
approach was used [30,31]. The schematic diagram of the HSDT experimental setup is illustrated in 
Figure 1. 
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Fig. 1. Schematic diagram of HSDT experimental setup 

 
In terms of the hot plate temperature (Ts), it was set at Ts=315°C for DF and Ts=340°C for B10-B50 

These temperatures were determined based on the maximum evaporation point (MEP) of each fuel 
which were obtained from separate evaporation characteristic test. Furthermore, at a hot plate 
temperature of Ts=315°C, the droplet’s lifetime (tlife) of DF is around tlife=4 seconds. Similarly, at 
Ts=340°C, the droplet’s lifetime for B10-B50 is also around tlife=4 seconds. Thus, to create dry and wet 
conditions during the deposition test, the droplet impingement interval (timp) was set accordingly. For 
all test fuels, the droplet impingement interval (timp), was set to timp=7 seconds (dry condition) and 
timp=3 seconds (wet condition). The dry condition means that the droplet impingement interval was 
set higher than the droplet’s lifetime (tlife) and lower for wet conditions. 

The mass of deposits produced on the heated plate was recorded at every 1000 droplet 
repetitions (ND) until the repetitions reached ND=16000 by using a micro-balance. On the other hand, 
the deposit surface temperature (Td) was also measured at every 1000 droplet intervals by using an 
infrared thermometer. The deposit's minimum surface temperature was recorded immediately 
following an impingement, and its highest temperature was recorded just before the next droplet. 
To obtain a more accurate reading, the minimum and highest deposit surface temperatures were 
recorded at least three times to obtain the average readings. 
 
3. Results and Discussion 
 

As can be seen in Figure 2, the mass of accumulated deposits for both dry and wet conditions was 
less than MR=1.0mg at the early stage (ND≤5000) of the DF deposition test, which indicates that 
deposits development of DF was very slow even at lower heated plate surface temperature 
(TS=315°C). After the droplet repetitions reached ND=16000, only small amounts of deposits were 
generated on the hot surface. The accumulated deposits at ND=16000 were MR=3.7mg for dry 
condition and MR=4.4mg for wet condition tests, which the difference was only around MR=0.7mg 
more deposits produced when the impingement interval is shorter than the droplet evaporation 
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lifetime compared to that of longer impingement interval. This shows that impingement interval has 
minimal impact on DF deposition for droplet repetitions ND≤16000. 

In terms of deposit surface temperature, the recorded average minimum and maximum deposit 
surface temperature were between Td=295°C to Td=325°C for DF during the dry condition test. 
Furthermore, there was a slight decrease in the deposit surface temperature at the later stage of the 
experiment (ND≥10000). For the wet condition test, the average minimum and maximum deposit 
surface temperature for DF was the most inconsistent (Td=200°C - Td=300°C) and this was probably 
affected by the significantly thin layer of the DF deposit produced corresponding to its low 
accumulated mass. 
 

 
Fig. 2. Deposition characteristics of DF 

 
For B10 fuel, the hot plate surface temperature was set higher at TS=340°C. During the early stage 

(ND≤5000) of the B10 deposition test, the mass of accumulated deposits for the dry condition test 
was higher (MR=1.6mg) than that of the wet condition test (MR=1.0mg) as presented in Figure 3. 
However, at droplet repetitions ND=16000, the mass of deposit generated were MR=8.9mg and 
MR=3.9mg for wet condition and dry condition tests, respectively. The difference between the 
accumulated masses was around MR=5.0mg, which indicates that at the later stage of the experiment 
(ND≥10000), the deposition was more influenced by the impingement interval. In addition, for timp=3 
seconds, B10 fuel produced around 2 times more deposits than DF, which accounted for the biodiesel 
content in B10 fuel. 

The recorded deposit surface temperatures for the wet condition test (Td=157°C - Td=184°C) were 
lower than those for the dry condition test (Td=296°C - Td=345°C). Furthermore, there was a slight 
decrease in the deposit surface temperature at the later stage of the experiment (ND≥10000) for both 
test conditions. This was mostly caused by the accumulation of deposits that were thicker and more 
massive during the wet condition test. Because of the deposits' low thermal conductivity, the surface 
temperature of the generated deposits decreased more slowly than the temperature of the heated 
plate [30,32]. 
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Fig. 3. Deposition characteristics of B10 

 
In Figure 4, the amounts of accumulated deposits for B20 fuel increased gradually for both dry 

and wet conditions. The deposits generated on the hot surface at ND=16000 were MR=17.1mg for dry 
condition and MR=20.4mg for wet condition, which the difference came to around MR=3.3mg, 
respectively. This shows that the impingement interval has a noticeable effect on the deposition 
characteristics of the B20 fuel. Moreover, these amounts exceeded the mass of produced deposits 
generated by DF and B10 fuel at the same droplet repetitions, which resulted from the higher 
biodiesel content of B20 fuel. 

In terms of deposit surface temperature, the recorded average minimum and maximum deposit 
surface temperature were between Td=291°C to Td=343°C during the dry condition test. As the 
deposit becomes thicker (ND≥10000) its surface temperature become more inconsistent. On the 
other hand, for the wet condition test, the recorded deposit surface temperature was ranging from 
Td=156°C to Td=184°C. There was also a noticeable decrease in the deposit surface temperature at 
the later stage of the experiment (ND≥10000) for both test conditions. 
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Fig. 4. Deposition characteristics of B20 

 
In Figure 5, for an impingement interval of timp=3 seconds, the deposits accumulated by B30 fuel 

(MR=31.1mg) were approximately MR=7.1mg greater compared to an impingement interval of timp=7 
seconds (MR=24.0mg) for the same droplet repetitions at ND=16000. Therefore, this indicates that 
the impingement interval has a greater impact on the deposition of B30 fuel. 

The recorded average minimum and maximum deposit surface temperature for the B30 fuel were 
between Td=294°C to Td=350°C during the dry condition test. Meanwhile, for the wet condition test, 
the recorded deposit surface temperature was ranging from Td=152°C to Td=185°C. At the later stage 
of the experiment (ND≥10000), for the dry and wet conditions, there was a slight decrease in the 
deposit surface temperature. 

Based on the data in Figure 6, B40 fuel deposit formation for wet conditions was the highest 
among all tested fuels, which was about MR=62.4mg for ND=16000. This value is around twice the 
mass of the deposit produced by B30 fuel MR=4.2mg more than B50 fuel for the same impingement 
interval. This shows that the impingement interval has a greater effect on the deposition of the B40 
fuel. However, for the dry condition test at ND=16000, B40 fuel only generated MR=25.1mg of 
deposits, which is only around MR=1.1mg more than that produced by B30 for a similar impingement 
interval. 

In terms of deposit surface temperature, there was a slight decrease in the deposit surface 
temperature at the later stage of the experiment (ND≥10000). The recorded average minimum and 
maximum deposit surface temperature were between Td=295°C to Td=345°C for an impingement 
interval of timp=7 seconds. On the other hand, for the impingement interval of timp=3 seconds, the 
recorded deposit surface temperature was ranging from Td=156°C to Td=186°C. 
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Fig. 5. Deposition characteristics of B30 

 

 
Fig. 6. Deposition characteristics of B40 

 
In Figure 7, the obtained deposits for B50 fuel (MR=28.8mg) for the dry condition test were 

approximately MR=3.7mg greater compared to that of B40 fuel for the same test condition at droplet 
repetitions of ND=16000. However, for the wet condition test, B50 fuel produced only MR=58.2mg of 
deposits, which is approximately MR=4.2mg fewer than the deposits produced by B40 fuel 
(MR=62.4mg) for similar test condition even though B50 fuel has a higher palm oil biodiesel mixture 
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in its blends. This indicates that the deposition of B40 fuel for the wet condition test was more 
affected by the impingement interval rather than the fuel properties itself. 

The average minimum and maximum temperatures recorded were ranging from Td=293°C to 
Td=335°C for the dry condition test. On the other hand, for the wet condition test, the temperatures 
were between Td=151°C to Td=177°C. As explained by Pham [30], and Kalam and Masjuki [32], the 
surface temperature of deposits decreases below the heated surface temperature due to the low 
thermal conductivity of deposits. However, several factors such as engine specifications, speed and 
load, and environmental conditions could influence the surface temperature of deposits in an actual 
engine. In addition, a thick deposit makes it more difficult for subsequent fuel droplets to vaporize, 
causing more unburned fuel to convert into deposits. Additionally, compared to petroleum diesel, 
biodiesel undergoes more extensive auto-oxidation, which aids in the production of thicker deposits 
[33]. 
 

 
Fig. 7. Deposition characteristics of B50 

 
4. Conclusions 
 

The effect of droplet impingement interval on the deposition characteristics of diesel fuel and 
Malaysian palm oil biodiesel (B10-B50) was studied using the HSDT method. The outcomes were 
analyzed and compared to each other. The following is a summary of the main findings 

i. The mass of accumulated deposits after droplets ND=16000 for impingement interval of timp=7 
seconds (dry condition) MR=3.7mg (DF), MR=3.9mg (B10), MR=17.1mg (B20), MR=24.0mg 
(B30), MR=25.1mg (B40), and MR=28.8mg (B50). 

ii. For impingement interval of timp=3 seconds (wet condition), the deposit mass was MR=4.4mg 
(DF), MR=8.9mg (B10), MR=20.4mg (B20), MR=31.1mg (B30), MR=62.4mg (B40), and 
MR=58.2mg (B50). 

iii. DF generated the least amount of deposit among other fuels for both wet and dry condition 
deposition tests, and this was primarily contributed by the absence of other fuel components 
in DF content. Furthermore, the droplet impingement interval which is shorter than the 
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droplet’s lifetime causes more deposits to be formed on the heated plate. Thus, it is better to 
have a dry condition in the combustion chamber to minimize deposit formation.  

iv. Deposit surface temperatures were lower for the wet condition test (timp=3 seconds) 
compared to that of the dry condition test (timp=7 seconds). This was mostly caused by the 
accumulation of deposits that were thicker and more massive during the wet condition test. 
Moreover, because of the deposits' low thermal conductivity, the surface temperature of the 
generated deposits decreased more slowly than the temperature of the heated plate. 

v. During the dry condition test (timp=7 seconds), the recorded average minimum and maximum 
deposit surface temperature were between Td=295°C to Td=325°C for DF. For the wet 
condition test (timp=3 seconds), the deposit surface temperature for DF was the most 
inconsistent, which was between Td=200°C to Td=300°C, and this was probably caused by the 
significantly thin layer of the DF deposit compared to the other fuels. 

vi. For the dry condition test for B10-B50 fuel, the recorded average minimum and maximum 
deposit surface temperatures were between Td=290°C to Td=350°C. For the wet condition 
test, the average minimum and maximum deposit surface temperature were recorded below 
Td=200°C, even though the set temperature of the hot plate for the B10-B50 fuel deposition 
test (Ts=340°C) was higher compared to that of the DF deposition test (Ts=315°C). 

 
Acknowledgement 
This work was supported by Fundamental Research Grant Scheme (FRGS) – 
FRGS/1/2020/TK0/UTEM/02/20 and FRGS/1/2023/FTKM/F00555. The authors would like to thank 
the staff of the Faculty of Mechanical Technology and Engineering, Universiti Teknikal Malaysia 
Melaka for their support. 
 
References 
[1] 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  

[2] 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, no. 1 (2021): 43-
60. 

[3] 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 & Materials 15 (2022): 159-181. 

[4] 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 & 
Materials 15 (2022): 125-145. 

[5] 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  

[6] 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  

[7] 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  

[8] 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  

[9] Abdelrazek, Mohamed Khaled, Mohsen Mohamed Abdelaal, and Ahmed Mustafa El-Nahas. "Numerical simulation 
of a diesel engine performance powered by soybean biodiesel and diesel fuels." Beni-Suef University Journal of 

https://doi.org/10.37934/araset.28.2.3440
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/10.1088/1742-6596/1973/1/012051
https://doi.org/10.1088/1742-6596/1973/1/012051


Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 119, Issue 1 (2024) 42-53 

52 
 

Basic and Applied Sciences 12, no. 1 (2023): 11. https://doi.org/10.1186/s43088-023-00349-w  
[10] Chaudhari, V. D., Vishal S. Jagdale, Devashish Chorey, and D. Deshmukh. "Combustion and spray breakup 

characteristics of biodiesel for cold start application." Cleaner Engineering and Technology 5 (2021): 100285. 
https://doi.org/10.1016/j.clet.2021.100285  

[11] Chaudhari, V. D., and D. Deshmukh. "Diesel and diesel-gasoline fuelled premixed low temperature combustion 
(LTC) engine mode for clean combustion." Fuel 266 (2020): 116982. https://doi.org/10.1016/j.fuel.2019.116982  

[12] Bhikuning, Annisa, Eriko Matsumura, and Jiro Senda. "A review: non-evaporating spray characteristics of biodiesel 
Jatropha and palm oil and its blends." International Review of Mechanical Engineering 12, no. 4 (2018): 364-370. 
https://doi.org/10.15866/ireme.v12i4.14037  

[13] Nayak, Swarup Kumar, Sandro Nižetić, Zuohua Huang, Aykut I. Ölçer, Van Ga Bui, Kanit Wattanavichien, and Anh 
Tuan Hoang. "Influence of injection timing on performance and combustion characteristics of compression ignition 
engine working on quaternary blends of diesel fuel, mixed biodiesel, and t-butyl peroxide." Journal of Cleaner 
Production 333 (2022): 130160. https://doi.org/10.1016/j.jclepro.2021.130160  

[14] Hartono, Zeka Angger, and Beny Cahyono. "Effect of Biodiesel B30 on Deposit Forming and Wear Metal of Diesel 
Engine Components." International Journal of Marine Engineering Innovation and Research 5, no. 1 (2020): 10-19. 
https://doi.org/10.12962/j25481479.v4i4.5587  

[15] Jaliliantabar, Farzad, Barat Ghobadian, Antonio Paolo Carlucci, Gholamhassan Najafi, Rizalman Mamat, Antonio 
Ficarella, Luciano Strafella, Angelo Santino, and Stefania De Domenico. "A comprehensive study on the effect of 
pilot injection, EGR rate, IMEP and biodiesel characteristics on a CRDI diesel engine." Energy 194 (2020): 116860. 
https://doi.org/10.1016/j.energy.2019.116860  

[16] Bui, Trung Thanh, Hong Quan Luu, Anh Tuan Hoang, Ozcan Konur, Tuyen Huu, and Minh Tuan Pham. "A review on 
ignition delay times of 2, 5-Dimethylfuran." Energy Sources, Part A: Recovery, Utilization, and Environmental Effects 
44, no. 3 (2022): 7160-7175. https://doi.org/10.1080/15567036.2020.1860163  

[17] 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 
(2019): 1085-1098. https://doi.org/10.1080/01457632.2018.1457209  

[18] Chao, Chi-Yao, Hsuan-Wei Tsai, Kuo-Long Pan, and Chih-Wei Hsieh. "On the microexplosion mechanisms of burning 
droplets blended with biodiesel and alcohol." Combustion and Flame 205 (2019): 397-406. 
https://doi.org/10.1016/j.combustflame.2019.04.017  

[19] 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  

[20] Reis, Max William Frasão. "Study of the Boiling Phenomenon Using the Droplet Evaporation Method." Campinas 
State University (2019): 1-93. 

[21] Liang, Gangtao, and Issam Mudawar. "Review of drop impact on heated walls." International Journal of Heat and 
Mass Transfer 106 (2017): 103-126. https://doi.org/10.1016/j.ijheatmasstransfer.2016.10.031  

[22] 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. 

[23] 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  

[24] 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  

[25] 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  

[26] 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. 

[27] 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 & Materials 15 
(2022): 147-157. 

[28] 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  

[29] Srikanth, P. V., B. V. V. Prasada Rao, K. Mohan 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. 

https://doi.org/10.1186/s43088-023-00349-w
https://doi.org/10.1016/j.clet.2021.100285
https://doi.org/10.1016/j.fuel.2019.116982
https://doi.org/10.15866/ireme.v12i4.14037
https://doi.org/10.1016/j.jclepro.2021.130160
https://doi.org/10.12962/j25481479.v4i4.5587
https://doi.org/10.1016/j.energy.2019.116860
https://doi.org/10.1080/15567036.2020.1860163
https://doi.org/10.1080/01457632.2018.1457209
https://doi.org/10.1016/j.combustflame.2019.04.017
https://doi.org/10.1016/j.ces.2015.03.012
https://doi.org/10.1016/j.ijheatmasstransfer.2016.10.031
https://doi.org/10.1016/j.fuel.2017.08.062
https://doi.org/10.1063/1.5138840
https://doi.org/10.1016/j.renene.2015.07.103
https://doi.org/10.1109/EIC47619.2020.9158759


Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 119, Issue 1 (2024) 42-53 

53 
 

8 (2017): 988-997. 
[30] 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  

[31] 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  

[32] Kalam, MdAbul, and H. H. Masjuki. "Emissions and deposit characteristics of a small diesel engine when operated 
on preheated crude palm oil." Biomass and Bioenergy 27, no. 3 (2004): 289-297. 
https://doi.org/10.1016/j.biombioe.2004.01.009  

[33] Hamzah, Afiqah, Ghazali Omar, Mohd Zaid Akop, Mohd Hafidz Zakaria, Nur Natasha, Atikah Rosli, Durian Tunggal, 
and Politeknik Tuanku Syed Sirajuddin. "Deposit formation in the injector of a diesel engine fueled with higher 
blended palm biodiesel." Jurnal Tribologi 33 (2022): 97-112. 

 

https://doi.org/10.26480/jmerd.04.2018.17.21
https://doi.org/10.1063/1.5086591
https://doi.org/10.1016/j.biombioe.2004.01.009

