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ABSTRACT 

 

The objective of this study is to analyse the effect of pentanol-diesel fuel blends on 

thermo-physical properties, combustion characteristics, engine performance, and 

emissions of a diesel engine. The experimental tests were performed using YANMAR 

TF120M single-cylinder, direct-injection diesel engine. The fuel tests were evaluated 

using 5 %, 10 %, and 20 % pentanol added onto diesel fuel (DF), denoted as PE5, PE10 

and PE20, respectively, to produce pentanol-diesel fuel blends at a constant engine speed 

of 1800 rpm under various engine loads. Based on the results, thermo-physical properties 

show that the calorific value, density, and kinematic viscosity were reduced by 8.12 %, 

1.2 %, and 12 % for PE20. In addition, at 25 % engine load, the in-cylinder pressure of 

PE5, PE10, and PE20, were reduced by 1.76 %, 3.43 %, and 6.54 %, respectively, 

compared to DF. Furthermore, maximum heat release rate of PE5, PE10, and PE20 were 

reduced by 6.74 %, 7.50 %, and 18.54 %, respectively, compared to DF at 25 % engine 

load. Moreover, at 25 % engine load, the brake specific fuel consumption of PE5 showed 

better performance result due to fuel consumptions usage being reduced by 20.83 %. 

Conversely, brake thermal efficiency increased by 11.2 %, at 25 % engine load for PE5. 

CO and CO2 emissions decreased by 9.99 % and 3.2 %, respectively, at 100 % engine 

load of PE20. 
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1. INTRODUCTION 

 

The diesel engine is well known for its energy efficiency and high performance in 

combustion. Furthermore, a diesel engine is also known for its advantages including high 

torque, high efficiency, and reliability with low operating cost. The diesel engine is 

mainly being used in various sectors such as automotive transportation, heavy industry 

machine application, agricultural machinery and marine transportation [1, 2]. However, 

diesel fuel (DF) is a non-renewable fossil fuel which will continue to deplete over time 

as a result of its excessive production and use [3]. Furthermore, the exhaust emissions 

from DF combustion contribute to various problems related to human health and to the 

environment. Exhaust emissions such as carbon monoxide (CO), hydrocarbon (HC), 

particulate matter (PM) and nitrogen oxides (NOx) are among the harmful substances 

emitted by a diesel engine.  
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Study on alternative fuels have been popular among researchers around the world 

to minimise the usage of DF and to reduce exhaust emissions [4, 5]. Biodiesel is one 

alternative fuel that has the potential to replace the DF due to its renewability, 

biodegradability, and better fuel properties [6, 7]. Biodiesel can be derived from vegetable 

oil and animal fats. There are many alternative fuels reported that have potentials to 

minimise usage of DF such as emulsion fuel, waste cooking oil, alcohol-diesel fuel, 

insect-fuel and synthetic fuel [8-10]. Currently, alcohol-diesel fuel blends have also 

received wide interests among researchers to reduce dependency on fossil fuels. In fact, 

alcohol-diesel fuel blends also show potential to support energy demand and to regulate 

exhaust emissions [11]. 

Alcohol can be divided into two categories, namely short-chain alcohol and long-

chain alcohol. Carbon with less than five carbon atoms are categorised as short-chain 

alcohol, while carbon with more than five carbon atoms are known as long-chain alcohol. 

The short-chain alcohol such as methanol, ethanol, and propanol are well known for its 

character as an oxygenated liquid that could increase oxygen content in the fuel blend, 

thus performing better combustion and reducing exhaust emission [12]. A study by 

Rashedul et al. [13] reported that mixing n-butanol into DF decreased brake specific fuel 

consumption (BSFC) by 6.25 % and increased brake thermal efficiency (BTE) by 5.81 % 

compared to DF. However, due to n-butanol and DF mixture phase separation problem, 

the authors indicated the application of platinum as a based additive to stabilise the 

bonding mixture of n-butanol-diesel fuel. Rakopoulus et al. [14] used 20 % of n-butanol 

with cottonseed biodiesel and reported that the NOx and CO emissions decreased by 14.28 

% and 4.13 %, respectively. Nevertheless, the authors also indicated some drawbacks of 

short-chain alcohol-biodiesel fuel blends such as low calorific value, low cetane index, 

poor blending solubility, and long ignition delay. In another study, Taghizadeh et al. [15] 

investigated the effect of ethanol-diesel fuel blends on performance, combustion, 

vibration, and engine knocking. The authors’ results showed that BTE decreased by 6.68 

%, 6.97 %, and 5.23 % for 8 %, 10 %, and 12 % ethanol, respectively, compared to DF. 

BTE decreased due to phase separation problems of ethanol-diesel fuel blends. Moreover, 

by increasing the concentration of ethanol by more than 8 %, it raised the ignition delay 

by 45.67 % and increased the irregularity by 70.91 % of the in-cylinder pressure [15].  

Long-chain alcohol-diesel fuel blends have potential as an attractive alternative 

fuel to meet energy demand and reduce emission, thus overcoming the disadvantages of 

the short-chain alcohol-diesel fuel blend. Long-chain alcohols such as pentanol, hexanol, 

and octanol show high potential as fuel additives in numerous studies [16, 17]. The 

utilisation of long-chain alcohol enriched with oxygen content can improve thermo-

physical properties such as density, cetane number, flashpoint, viscosity and boiling point. 

In addition, long-chain alcohol-diesel fuel blend shows no phase separation and can 

normally run without any additional additive to avoid phase separation [18]. Wei et al. 

[19] gave a comprehensive review on the effect of n-pentanol addition on combustion, 

performance and emission characteristics of a direct-injection diesel engine. The authors 

concluded that n-pentanol showed higher peak pressure release rate by 47.98 %, 48.33 %, 

and 46.63 % for 10 %, 20 % and 30 % of pentanol-diesel fuel blends, respectively, 

compared to DF. This is due to the long ignition delay for pentanol-diesel fuel blends that 

enable more amount of fuel burned in the premixed combustion phase. BSFC increased 

by 0.83 %, 2.71 %, and 6.27 % with the concentration increment of n-pentanol. The 

authors also indicated that the CO emission decreased by 25 % for 10 % of n-pentanol at 

7.10 bar engine load. In a different study, Kumar et al. [20] demonstrated an effect of a 

sustainable n-octanol-diesel fuel blend on combustion, performance, and emissions with 
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the addition of exhaust gas recirculation (EGR) modes. The authors found that BTE 

increased by 10.25 %, while BSFC decreased by 20 % with increasing the concentration 

of n-octanol. Both results indicated an improved combustion efficiency contributed by 

increasing oxygen content in the fuel blends which produced more power output. 

Moreover, NOx emission decreased by 8.74 % for 30 % of n-octanol concentration at 30 

% EGR condition. NOx and smoke opacity reduced with a higher concentration of n-

octanol due to the dominating influence of fuel-bound oxygen content in the n-octanol-

diesel fuel blend. 

Although there were many researchers studying on the long-chain alcohol-diesel 

fuel blends, none of them focused on low-volume ratio of long-chain alcohol in diesel 

blends. Most of the studies focused on the alcohol volume ratio higher than 10 %. The 

previous study on pentanol-diesel fuel blends done by Saravanan et al. [21] tested four 

pentanol-diesel fuel blends of 10 %, 20 %, 30 %, and 45 %. In addition, De Poures et al. 

[11] researched on hexanol-diesel fuel blends of 10 %, 20 %, and 30 % volume ratio. 

Despite many research done on long-chain alcohol-diesel fuel blend combustion analysis, 

none of them investigated on 5 % long-chain alcohol volume ratio. Therefore, to fill up 

this gap, this research was conducted for 5 %, 10 % and 20 % of pentanol-diesel fuel 

blends with complete analysis including combustion characteristics, engine performance 

and exhaust emissions. Pentanol of 5 %, 10 % and 20 % namely PE5, PE10, and PE20 

were blended with DF and tested with YANMAR TF120M single cylinder, direct-

injection diesel engine. Experiments were conducted on five engine loads of 0 %, 25 %, 

50 %, 75 %, and 100 % at a constant engine speed of 1800 rpm. 

 

EXPERIMENTAL SETUP AND TEST PROCEDURE 

 

Preparation of Test Fuel 

 

A standard fuel DF JIS#2 (Japanese Industrial Standard) and long-chain alcohol pentanol 

were employed in this experiment. In addition, pentanol was 100 % fully dissolved in DF 

to form a stabilised pentanol-diesel fuel blend. No additive was added in order to stabilise 

and avoid phase separation. Three fuel blends were prepared with pentanol 5 %, 10 %, 

and 20 % by volume mixed with DF and named as PE5, PE10, and PE20, accordingly. 

Ultrasonic emulsifier (Hielscher UP400S) was employed to mix the fuel blends at 70 % 

amplitude and 0.5 cycle for 2 minutes. The mixing process time was controlled not to 

exceed 2 minutes in order to prevent damaging the chemical properties and elements of 

the fuel. The temperature was kept between 30° C-32° C to avoid damaging the pentanol 

elements. The flashpoint for pentanol is 33° C. The procedure was repeated until 6 liters 

of fuel mixtures were obtained. 

 

Test Engine and Instrumentation 

 

In this experiment, YANMAR TF120M single cylinder, direct-injection diesel engine 

was utilised for running the fuel blends. The diesel engine is a direct injection water-

cooled engine with fuel injection that occurs at 17° CA before the top dead centre (TDC). 

The specifications of the diesel engine are as listed in Table 1. Figure 1 shows the 

schematic diagram of the engine test with the necessary equipment that are connected to 

the dynamometer. The dynamometer used in this experiment was eddy current 

dynamometer model BD 15 kW manufactured by Focus Applied Technology, with SAE 

J1349 Standard Engine Power Test Code for a diesel engine. The dynamometer was 
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mounted in spherical bearings and fitted directly to the diesel engine. The engine setup 

was equipped with a data acquisition unit (DAQ) by DEWESoftX2 engineering software. 

A fiber optic transducer, type OPTRAND C82294-Q was connected to SIRIUS i-HS to 

measure the data of engine combustion characteristics. The engine testing was repeated 

three times for each fuel. 

 

Table 1. Engine specifications. 

 

 Specification 

Engine type YANMAR TF120M 

Number of cylinder 1 

Bore and stroke 92 × 96 mm 

Displacement 0.638 L 

Compression ratio 17.7 

Injection timing 17° bTDC 

Continuous output  10.5 HP at 2400 rpm 

Rated output 12 HP at 2400 rpm 

Cooling system Water-cooled 

 

 
 

Figure 1. Schematic diagram of experimental setup for single-cylinder diesel engine. 

 

Engine Test Cycle and Test Procedures 

 

The engine works on four-stroke cycle and operates with low engine load range from 0 - 

7 Nm, in medium engine load range from 14-21 Nm, and in high engine load range from 

21-27 Nm. These engine load ranges from 0 % to 25 %, 50 %, 75 % and 100 % at a 

constant engine speed of 1800 rpm. This experiment was repeated three times to ensure 

the data collected was constant and validated. The diesel engine was warmed up with DF 

for about 10 minutes to stabilise the fuel blend operating system. At every test fuel 

change, the engine was flushed with DF to pre-empt the waste of fuel blend. 
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Thermo-physical Specifications 

 

The pentanol-diesel fuel blend of thermo-physical properties were characterised strictly 

following the ASTM standard. The thermo-physical properties for equipment used and 

type of ASTM are shown in Table 2. Referring to Table 3, when compared to DF, the 

calorific value for PE5, PE10, and PE20 were reduced by 3.17 %, 3.73 %, and 8.12 %, 

respectively. Furthermore, the density shows significant reduction at increasing pentanol 

concentration in fuel blends. The density was reduced by 0.12 %, 0.84 % and 1.20 % for 

PE5, PE10 and PE20, respectively, compared to DF.  

 

Table 2. Properties tested and equipment type  

 

Properties ASTM Equipment 

Calorific value ASTM D6751 Bomb calorimeter, Parr 6772 

Density ASTM D1298 Analytical balancer, GH-252 

Kinematics viscosity ASTM D445 Viscometer, GD-265D 

 

Table 3. Thermal-physical properties 

 

Fuel Properties Unit DF PE5 PE10 PE20 

Calorific value MJ/kg 48.29 46.76 46.49 44.37 

Density kg/m3 0.832 0.831 0.825 0.822 

Kinematic viscosity mm2/s 3.5 3.19 3.14 3.08 

 

RESULTS AND DISCUSSION 

 

Combustion Characteristics – In-Cylinder Pressure and Heat Release Rate  

 

The in-cylinder pressure and heat release rate (HRR) of all fuel blends (DF, PE5, PE10, 

and PE20) were plotted against the crank angle (CA) at different engine loads and 

constant engine speed at 1800 rpm. Figure 2 shows the in-cylinder pressure and HRR 

increasing as the engine load increases. Referring to Figure 2(a), the in-cylinder pressure 

for all test fuels show peak pressure at 4° CA. The ignition delay of PE5, PE10, and PE20 

fuel blends does not show much difference as compared to DF. At low engine load (25 

%), the in-cylinder pressure decreased by 1.76 %, 3.43 % %, and 6.54 % for PE5, PE10, 

and PE20, respectively, compared to DF. Maximum reduction of 6.54 % was shown for 

PE20. This is because the density of PE20 is lower by 0.822 kg/m3 as compared to DF, 

which results from low premixed combustion. In addition, the low kinematic viscosity by 

3.08 mm2/s of PE20 has increased the fuel-air mixture during ignition delay to complete 

the combustion phase. Figure 2(b) demonstrates that at 50 % engine load, the in-cylinder 

pressure decreases by 1.14 %, 0.24 %, and 2.46 % for PE5, PE10, and PE20, respectively.  

Referring to the figure, the in-cylinder pressure of PE10 attains close to DF. Figure 

2(c) shows at high engine load of 100 %, PE5, PE10, and PE20 increases by 1.24 %, 3.76 

%, and 14.71 %, respectively. The maximum increase of in-cylinder pressure by 14.71 % 

occurs at high engine load (100 %) for PE20. The increase can be explained due to the 

presence of pentanol which contained oxygen that carried a strong premixed combustion 

phase and increased by 76.97 bar at peak pressure. In addition, the ignition delay was 

shorter, and the amount of fuel burned in the combustion chamber was released in a large 
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amount of power output, thus showing better atomisation. The same result was found by 

Imdadul et al.[22] that in-cylinder pressure of long-chain alcohol was higher than DF.  

The HRR in Figure 2(a) – 2(c) shows results of different fuel blends at different 

engine loads for a constant engine speed of 1800 rpm. The graphs show the highest HRR 

occurring at 2° CA plotted against varied fuel blends. Figure 2(a) shows the result for low 

engine load (25 %); the graph shows that PE5, PE10, and PE20 reduces by 6.74 %, 7.50 

%, and 18.54 %, respectively. The ignition delay of fuel blends was slightly longer than 

DF, due to the presence of oxygen content in the pentanol-diesel fuel blends.  With the 

addition of pentanol, the higher oxygen content causes increased HRR value as more fuel 

shall be required to rapidly combust during longer ignition delay. Balamurugan et al. [23] 

reported that alcohol-diesel fuel blends have high HRR compared to DF.  

 

 
(a) 25 % engine load. 

 

 
(b) 50 % engine load.   
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(c) 100 % engine load 

 

Figure 2. Combustion pressure and heat release rate in varied engine load of DF and 

fuel blends at a constant engine speed of 1800 rpm. 

 

Figure 2(b) demonstrates that HRR of PE5, PE10, and PE20 increases by 1.82 %, 

14.03 %, and 17.19 %, respectively, compared to DF, at 50 % engine load. Referring to 

the graph, HRR increases due to the better fuel-air mixing process and better atomisation 

by the addition of pentanol. In addition, according to Figure 2(c) at high engine load (100 

%), the HRR measured is higher compared to DF by 8.01 %, 20.54 %, and 80.02 % for 

PE5, PE10, and PE20, respectively. The important fact is HRR of PE20 is higher by 80.02 

% than DF due to the increase in oxygen content in the pentanol-diesel fuel blend. 

Moreover, HRR peak in the premixed combustion period increases by 7.63 % and the CA 

has further shifted away from 1° CA to 2° CA.  

Furthermore, Sathiyamoorthi et al. [24] supported that the presence of oxygen 

content in fuel blends affects to lengthen the ignition delay, thus increasing the peak HRR 

value for fuel blends. Long ignition delay for fuel blends results in more fuel being burned 

in the premixed combustion phase. 

 

Engine Performance – Brake Specific Fuel Consumption and Thermal Efficiency 

 

Figure 3 illustrates the brake specific fuel consumption (BSFC) comparison between DF, 

PE5, PE10, and PE20 against various engine loads. In general, BSFC shows a linear 

decrease for all fuel blends as the engine load increases. The most significant results 

reveal that at low engine load (0-25 %), alcohol-diesel fuel blends show higher BSFC 

compared to DF, indicating incomplete and low-efficiency combustion.  

Meanwhile, low BSFC at high engine load (50-100 %) shows improvement at 

high in-cylinder pressure thus leading to a complete and high-efficiency combustion. 

Referring to Figure 3, BSFC is improved by 10.79 % and 20.83 % for PE5 at 0-25 % 

engine load, but at high engine load (100 %) the fuel consumption usage increases by 

43.45 % for PE10. This is due to the lower kinematic viscosity and density of pentanol-

diesel fuel blends. In addition, lower BSFC is achieved with the addition of pentanol due 
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to the increase of diffusion rates of the fuel vapour inside the combustion chamber, which 

promotes air-fuel mixture preparation before ignite. The fuel blend has a shorter ignition 

delay that leads to better combustion efficiency, thus affecting the reduction of emission. 

The BSFC of PE10 was increased by 3.10 %, 22.61 %, and 43.45 % for engine loads of 

50 %, 75 %, and 100 %, respectively, compared to DF. Similar results were also reported 

by He et al. [25]. The authors reported that the trend was related to high oil temperature 

and low excess air ratio at high engine load condition leading to the increase of BSFC. 

The lubrication and combustion led to an increase in BFSC. 

 

 
 

Figure 3. The effect of BSFC for diesel fuel and fuel blends at constant engine speed of 

1800 rpm and at varied load condition. 

 

The BTE was plotted in Figure 4 for all fuel blends against engine loads at a 

constant engine speed at 1800 rpm. In general, the results show that BTE increases as the 

engine load increases. As seen in the figure, at PE5, BTE increases by 20.20 % and 11.20 

% for 0 % and 25 % engine loads, respectively, compared to DF. This is due to the fact 

that, when pentanol was added onto DF, the high oxygen content formed in a pentanol-

diesel fuel blend will lead to better atomisation. Lapuerta et al. [26] concluded that the 

addition of a long-chain alcohol such as pentanol, hexanol, and octanol into DF led to 

oxygen enrichment, higher flame speed and improved spray characteristics of the fuel 

combustion. Moreover, fuel blends show a longer ignition delay compared to DF, which 

can be associated with the fuel blends’ low cetane number, improving the combustion and 

increasing the BTE. However, PE10 shows BTE reducing by 2.23 %, 1.75 %, and 3.07 

% for 50 %, 75 %, and 100 % engine loads respectively, compared to DF. This is due to 

the calorific value of the fuel blends decreasing by 46.49 MJ/kg while increasing the 

concentration of pentanol ratio.  

PE10 has a maximum reduction by 3.07 % of BTE due to poor atomisation during 

the premixed combustion phase. At maximum engine load (100 %), PE10 slightly 

reduced BTE as the amount of oxygen content obtainable for combustion of the fuel 

blends decreased due to replacement by the exhaust gas. A similar result was also reported 

by Sundar et al. [27] that with 10 % addition of hexanol, fuel blends decreased by 33.9 % 

at maximum break power due to the decreased amount of oxygen.  
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Figure 4. The effect of BTE for diesel fuel and fuel blends at constant engine speed of 

1800 rpm in varied load conditions 

 

Exhaust Gas Emissions Measurements 

 

The exhaust emission (CO, CO2, HC, and NOx) were measured using the gas analyser 

model QROTECH. The graph was plotted between DF and fuel blends of PE5, PE10, and 

PE20 against engine loads at constant engine speed of 1800 rpm.  

 

Carbon monoxide (CO) emissions 

 

The formation of CO emissions is mainly caused by uncontrolled air-fuel ratio of the 

mixture and incompleteness of the combustion process. Figure 5 indicates that the 

formation of CO increases as the engine load increases. Clearly, PE5 shows the CO 

emission increasing by 33.33 % and 20.01 % for 75 % and 100 % engine loads, 

respectively, compared to DF. The increase in CO emission due to low calorific value of 

fuel blends affected the engine performance. Suhaimi et al. [28] found similar results, 

showing that the higher latent heat of vaporisation of pentanol occurred during the 

increment of in-cylinder temperature as engine loads increased. However, PE20 had 

successfully lowered CO emission by 9.99 % at high engine load (100 %) due to the 

oxygen content of pentanol and good vaporisation. This is due to the higher concentration 

of pentanol that gives an increased amount of oxygen content in the fuel blend leading to 

complete combustion and thus low CO emission. With lower density of PE20 than that 

of DF, pentanol evaporates easily into the cylinder, thus decreasing the spray atomisation 

length [29]. The same result was found by Phoon et al. [30] where 2 % of ethanol 2-EHN 

enriched oxygen content  helped to improve and reduce CO emission. 
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Figure 5. Variation of CO emission for diesel fuel and fuel blends 

 

Carbon dioxide (CO2) emission 

 

Figure 6 shows the CO2 emission curve under variable engine loads at constant engine 

speed 1800 rpm. The presence of CO2 emissions occurs with the excess of oxygen 

content, where hydroxyl radical (OH) is one of the primary oxidising agents that convert 

CO into CO2. In general, the graph shows that CO2 decreases slightly as the engine load 

increases. Among the fuel blends, CO2 emission was reduced by 0.92 %, 2.76 %, and 

3.22 % for PE5, PE10 and PE20, respectively, compared to DF at 100 % engine load. 

CO2 emissions was slightly reduced for all fuel blends at various engine loads compared 

to DF.  

The main reason is supported by Ileri et al. [16] that increased oxygen and 

hydrogen molecules in fuel structures will cause reduction of CO2 emission. Chemical 

structures of fuel blends are considered due to pentanol having low carbon atoms per unit 

volume. The increase of oxygen content and hydrogen molecules in fuel blends will 

decrease the formation of CO2 emission. Furthermore, Machacon et al. [31] concluded 

that higher latent heat of vaporisation of long-chain alcohol caused a lower operating 

temperature occurring in diesel engine thereby reducing the CO2 emission. 
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Figure 6. Comparison of CO2 emission for diesel fuel and fuel blends. 

 

Hydrocarbon (HC) emission 

 

The total amount of unburned hydrocarbon (HC) for fuel blend is plotted in Figure 7. In 

general, HC emission decreases as the engine load increases. Referring to the figure, HC 

emission at low engine load (0 %) for PE5, PE10, and PE20 increases by 16.98 %, 24.14 

%, and 39.72 %, respectively, compared to DF. At high engine load (100 %), HC emission 

of the fuel blends increases by 22.22 %, 41.67 %, and 58.82 % for PE5, PE10, and PE20, 

respectively, compared to DF. This finding is consistent with a study by Rakopoulus et 

al. [32] who operated a heavy-duty diesel engine. The authors reported that HC emission 

was higher for butanol-diesel fuel blends compared to DF. In addition, this led to higher 

HC emission due to the high heat of vaporisation and the increasing lean outer flame zone. 

Consistent with the results by Cheung et al. [33], the oxygen content of the test fuel blends 

increased when n-pentanol was added. The oxidation of unburned HC emission occurred 

at relatively high in-cylinder temperature.  
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Figure 7: HC emission versus engine load for diesel fuel and fuel blends. 

 

Nitrogen oxides (NOx) emission 

 

The effect of pentanol addition on NOx emission is shown in Figure 8. NOx emission is 

usually produced at high temperature during fuel combustion. Referring to the graph 

when engine load increases, NOx emission also increases for all fuel blends. At low engine 

load (25 %), NOx decreased for PE5 and PE20 by 0.78 %, and 0.94 %, respectively, but 

PE10 increased by 0.62 %. However, the NOx formation trend fluctuated at high engine 

load (100 %), NOx formation reduced by 0.81 % for PE5, slightly increased by 0.19 % 

for PE10 and decreased by 0.08 % for PE20. At low engine load (25 %) and high engine 

load (100 %) there were no noticeable difference in NOx emission in all fuel blends 

compared to DF.   

The main factor for the low NOx emission produced from the fuel blends 

combustion is that fuel blends have a high latent heat of vaporisation and high oxygen 

content compared to DF. Hence, both factors help to reduce the in-cylinder gas 

temperature during combustion [11]. The study concludes that the pentanol content of 

oxygen supports NOx formation, whereas at high load, the longer ignition delay 

associated with increasing n-pentanol leads to higher NOx emission.  
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Figure 8. NOx emission versus engine load for diesel fuel and fuel blends. 

 

CONCLUSION 

 

This present study was designed to determine the effect of fuel thermo-physical properties, 

combustion characteristics, engine performance and exhaust emissions of DF with 

pentanol-diesel fuel blends PE5, PE10, and PE20. The results of the experiments are 

summarised as follows:  

i. Thermo-physical properties such as calorific value, density, and kinematic 

viscosity reduced by 8.12 %, 1.20 %, and 12.00 %, respectively, for PE20.  

ii. The maximum reduction of in-cylinder pressure shown by PE20 with 6.54 % 

decreased at low engine load (25 %) due to the lower density and kinematic 

viscosity by 0.822 kg/m3 and 3.08 mm2/s, respectively. 

iii. At 2° CA, HRR for PE20 was higher by 80.02 % at high engine load (100 %) due 

to the increase of the percentage concentration of pentanol that enriched the 

oxygen content. 

iv. CO emission was reduced by 9.99 % for PE20 at high engine load (100 %) due to 

the enrichment oxygen content in pentanol and good atomisation process.  

v. NOx emission was reduced by 0.78 % and 0.94 % for PE5 and PE20, respectively, 

at low engine load (25 %). 

The results show evidence that long-chain alcohol is a potential additive to be 

blended with DF to improve BSFC and BTE. Moreover, an addition of pentanol can 

effectively reduce emissions without serious impact on the test engine.  
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