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1. Introduction 

The importance of energy, which is one of the basic elements of 

life, increases with the rising in population and the acceleration of 

urban and industrial transformation in parallel with this increase 

[1–3]. The limited fossil-based fuel reserves, which have an im-

portant share in meeting the energy needs, create a fragile structure 

for the world economy [4–6]. Subsequent oil crises and related 

price increases have led countries to search differently [7,8]. In ad-

dition, the rate of polluting emissions such as CO2, HC, and NOx, 

which cause global warming because of excessive consumption of 

fossil-based fuels, is increasing day by day. The fact that polluting 

emissions constitute a major problem for the environment and hu-

man health, and that fossil fuels are the source of such problems 

have made it necessary for researchers to work on renewable en-

ergy sources [9–12]. 

Studies have focused on alternative energy sources that emit 

fewer polluting emissions compared to fossil-based fuels [13]. The 

most suitable alternative to fossil-based fuels is biodiesel and bio 

alcohols, which are described as biofuels [14,15]. Bio alcohols are 

generally obtained by subjecting plant wastes to biomass energy 

conversion processes. Plants containing sugar and starch are par-

ticularly preferred in alcohol production. The raw material is put 

into the fermentation process and then it is purified from water and 

similar by-products by the distillation method to obtain alcohol 

[16]. It is possible to use the obtained alcohol as fuel in internal 

combustion engines [17]. Alcohols shown with the general formu-

lation of CnH2n + 2O contain oxygen in their structures. Their ox-

ygen content improves the combustion reaction in the cylinder and 

contributes to the improvement of exhaust emissions. In addition, 

improving the combustion efficiency of alcohol allows the engine 

to run stable. 

There are many studies on the effects of alcohol use in combi-

nation with diesel on engine performance and exhaust emissions 

in internal combustion engines. Ozdalyan [18] aimed to measure 

the n-butanol and diesel fuel mixtures effect of on exhaust emis-

sions at different injection pressures. Improvements in emissions 

(CO, smoke and NOx) were detected with the increase of n-butanol 

in the mixture. In a different study, Sayin [19] examined the effects 

of diesel-ethanol (5-10% ethanol + 95-90% diesel) and diesel-
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methanol (5-10% methanol + 95-90% diesel) test mixtures on en-

gine responses. According to these data; reductions in HC, CO, 

smoke emissions and BTE have been detected. In addition, it has 

been demonstrated that BSFC and NOx emissions have increased. 

In the study on the effects of fusel oil on engine performance and 

emission data conducted by Agbulut et al. [20], the effects of F20 

(20% fusel oil + 80% diesel) fuel mixture and F0 (100% diesel) 

reference fuel were compared. It was concluded that the BSFC in-

creased due to the lower calorific value of fusel oil compared to 

diesel fuel. On the other hand, an increase in CO2 and a decrease 

in NOx in exhaust emissions were detected. In the study conducted 

by Yılmaz [21], experiments were conducted at different engine 

loads with test fuels created using fusel oil. The BSFC increased 

with the increase in the proportion of fusel oil in the test fuel. In 

addition, a decrease in the in-cylinder pressure value was measured 

due to the water and oxygen the fusel contains. There has been an 

increase in CO emissions due to the negative impact of water con-

tent on combustion. In addition, NOx emissions have decreased 

due to the low thermal value of fusel oil. There are other studies on 

alcohols such as butanol, methanol, ethanol and fusel oil [22–27]. 

Fusel oil is a natural source of 2 to 5 carbon straight and chain 

monohydric alcohols. At the stages in which ethyl alcohol is pro-

duced, it appears as ethyl alcohol residue. It consists of i-amyl, i-

butyl and n-propyl alcohols, ethyl alcohol and water, which are 

formed during fermentation [28]. Fusel oil is used as one of the by-

products of the distillation step in producing alcohol and is the nat-

ural source of amyl alcohol. Iso-amyl-alcohol is obtained by 2 dis-

tillation of fusel oil [29]. 

In previous studies, many studies were found on blends of fusel 

oil and diesel fuel. However, it has been observed that studies on 

amyl alcohol obtained by passing fusel oil through various pro-

cesses (distillation, etc.) are limited. In this study, the use of amyl 

alcohol, which is detected in the content of fusel oil and classified 

as heavy alcohol, as an alternative fuel in a single cylinder diesel 

engine was evaluated. Engine performance and exhaust emission 

data obtained from test fuels formed with amyl alcohol were com-

pared with diesel, our reference fuel. 

2. Material and method  

2.2 Test fuels 

The tests are carried out with different proportions of Amyl al-

cohol-Diesel mixtures, A5 (5% Amyl alcohol + 95% Diesel), A10 

(10% Amyl alcohol + 90% Diesel) and A20 (20% Amyl alcohol + 

80% Diesel) and A0 (pure diesel). Four fuels used in this study 

were kept at room temperature in the laboratory for 76 hours. No 

phase change was observed during the holding period. Many prop-

erties of amyl alcohol and diesel fuel mixtures such as density, 

lower calorific value, and upper calorific value have been analyzed 

by TUBITAK Marmara Research Center. The properties of the test 

fuels are given in Table 1 and the fuel properties of the diesel and 

binary blend fuels are given in Table 2.  

2.1 Experimental setup 

In this study, a naturally aspirated, air-cooled, single cylinder, 

four-stroke, direct injection ANTOR 6LD 400 diesel engine with 

a compression ratio of 18:1 and a cylinder volume of 395 cm3 was 

used. Figure 1 shows the experimental setup of the engine and 

other equipment used in this study, and Table 3 shows the technical 

characteristics of the test engine. The data were recorded on the 

test engine using TFX Engineering DAQ system consisting of dy-

namometer, torque, speed sensor, oil temperature sensor and fuel 

measurement sensor. The temperature of the ambient air and the 

temperature of the exhaust gas emission were measured using K 

type thermocouples collected by the data logger of the Pico ther-

mocouples. While thermocouples were placed in the air metering 

unit and the exhaust manifold, the emissions were measured using 

a separate unit of the Bilsa MOD 2210 WINXP-K exhaust gas an-

alyzers. The experiments have been measured at 300 rpm intervals, 

between 1400 and 3200 rpm. During the tests, no changes were 

made to the engine's original injection pressure and compression 

ratio. In the tests, the engine was run until it reached operating tem-

perature. To prevent cold start effects, the engine was run on pure 

diesel for about fifteen minutes before the fuel tank containing the 

fuel blends was used. Tests were carried out under steady condi-

tions and experiments with pure diesel were started to obtain basic 

data of the engine. In this study, BSFC, engine power, torque, and 

emissions (HC, CO, CO2, NOx, and smoke) were investigated. 
 

Table 1. Technical characteristics of the test engine  
 D100 A100 Analysis compliant to 

CAS Number 68334-30-5 71-41-0  

Chemical Formula C13H18 C5H12O  

Molecular Weight (g/mol) 184.3613 88.1482 (Calculated) 

Kinematic Viscosity at 40 ℃ (mm2/s) 4.24 3.68 EN ISO 3104 

Higher Calorific Value (MJ/kg) 46.105 38.26 ASTM D 240 

Lower Calorific Value (MJ/kg) 43.199 35.35 (Calculated) 

Latent heat of evaporation (kJ/kg) 260 308 ASTM D 240 

Density at 15 °C (kg/m3) 883.5 810.5 EN ISO 12185 

Sulphated Ash Content % (m/m) 0.0016 - TS 1965 

Cold Filter Plugging Point °C -13.89 - TS EN 116 

Sulphur (mg/kg) 5.5 - TS EN ISO 20646 

Flashing Point (°C) 174 47 ASTM D 92 

Freezing Point (°C) -15 -117.3 ASTM D 97 

Number of Cetanes 54 20 EN ISO 5165 
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Fig. 1. Schematic view of experimental design 

 

Table 2. Fuel properties of the diesel and binary blend fuels. 
 

 D100 A5 A10 A20 Analysis compliant to 

Kinematic Viscosity at 40 ℃ (mm2/s) 4.24 4.212 4.184 4.128 EN ISO 3104 

Lower Calorific Value (MJ/kg) 43.199 42.807 42.414 41.629 (Calculated) 

Density at 15 °C (kg/m3) 883.5 879.85 876.2 868.9 EN ISO 12185 

Number of Cetanes 54 52.3 50.6 47.2 EN ISO 5165 

Oxygen Content (wt.%) 0 0.9075 1.815 3.63  

 

Table 3. Technical characteristics of the test engine 
 

Brand Antor / 6LD400 

Cylinder 1 

Displacement (cm3) 395 

Bore (mm) 86 

Stroke (mm) 68 

Compression Ratio 18:1 

Maximum power (kW) 5.4 @ 3000 rpm 

Maximum torque [Nm] 19.6 @ 2200 rpm 

Injection nozzle 0.24 [mm] x 4 holes x 160 º 

Nozzle opening 

pressure [bar] 
180 

Fuel delivery advance angle 

[ºCA] 
24 º before top dead center 

 

 

 

The measured values of the uncertainty of the different vari-

ables are shown in Table 4. The overall uncertainty was calcu-

lated as follows: 

𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦

= 𝑠𝑞𝑢𝑎𝑟𝑒 𝑟𝑜𝑜𝑡 𝑜𝑓 [(𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡 𝑜𝑓 𝑠𝑝𝑒𝑒𝑑)2

+ (𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡 𝑜𝑓 𝑃𝑜𝑤𝑒𝑟)2

+  (𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡 𝑜𝑓 𝑇𝑜𝑟𝑞𝑢𝑒)2

+  (𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡 𝑜𝑓 𝐵𝑆𝐹𝐶)2 + (𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡 𝑜𝑓 𝐻𝐶)2

+ (𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡 𝑜𝑓 𝐶𝑂)2 + (𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡 𝑜𝑓 𝐶𝑂2)2  

+  (𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡 𝑜𝑓 𝑁𝑂𝑥)2  

+  (𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡 𝑜𝑓 𝑠𝑚𝑜𝑘𝑒)2] 

 

= 𝒔𝒒𝒖𝒂𝒓𝒆 𝒓𝒐𝒐𝒕 𝒐𝒇 [(𝟎. 𝟐𝟓)𝟐 + (𝟏. 𝟓𝟎)𝟐 + (𝟏. 𝟖)𝟐

+ (𝟏. 𝟐𝟓)𝟐 + (𝟏. 𝟗)𝟐 + (𝟐. 𝟏)𝟐

+ (𝟏. 𝟕𝟓)𝟐  + (𝟐. 𝟒𝟓)𝟐  + (𝟏. 𝟓𝟓)𝟐]

=  ±𝟓. 𝟏𝟓𝟖 % 
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Table 4. Uncertainty of the variables 

 

Measurement Items 
Percentage 

Uncertainty 

Speed measurement ±0.25 

Power ±1.50 

Torque ±1.80 

BSFC ±1.25 

HC ±1.90 

CO ±2.10 

CO2 ±1.75 

NOx ±2.45 

Smoke ±1.55 

 

3. Results and Discussions 

The changes of engine powers and engine torques of A0, A5, 

A10 and A20 fuels depending on engine speed are shown in Fig. 

2 and Fig. 3, respectively. Maximum engine power was ob-

tained as 2.60 kW at 3200 rpm engine speed with A0 fuel. With 

the use of A5, A10 and A20 fuels at this engine speed, a de-

crease of 15%, 15.769% and 17.307% was observed in engine 

power compared to A0 fuel, respectively. Since the lower calo-

rific value of amyl alcohol is lower than diesel fuel, amyl alco-

hol diesel fuel mixtures have lower energy content and therefore 

engine power is thought to be lower than diesel fuel. Moreover, 

since the latent heat of vaporization of amyl alcohol is higher 

than diesel, it negatively affects the combustion efficiency, so 

the power and torque values are negatively affected with the in-

creasing amyl alcohol ratio in the mixture. Maximum engine 

torques for A0, A5, A10 and A20 fuels were obtained at an en-

gine speed of 2600 rpm. According to A0 at 2600 rpm engine 

speed; With the use of A5, A10 and A20 fuels, engine torque 

decreased by 5.900%, 3.540% and 5.457%, respectively. 

 

 

 

Fig. 2. Power values of test fuels depending on engine speed 
 

 

 

Fig. 3. Torque values of test fuels depending on engine speed 

In Fig. 4, BSFC changes of different fuels can be seen de-

pending on the engine speed. Minimum BSFC was seen at 2300 

rpm engine speed for all fuels. With the use of A5, A10 and A20 

fuels at 2300 rpm engine speed, the BSFC values increased by 

2.630%, 32.174% and 70.280%, respectively, compared to die-

sel fuel. If the same volume of diesel and amyl alcohol / diesel 

fuel mixtures are sprayed into the cylinder, diesel will release a 

higher amount of energy. Therefore, since amyl alcohol / diesel 

fuel mixtures have lower cetane number and lower thermal val-

ues than diesel, it is necessary to use more amyl alcohol / diesel 

fuel mixtures in mass to achieve the same effective power com-

pared to diesel. 

 

 

Fig. 4. BSFC values of test fuels depending on engine speed 

 

Incomplete combustion is the main cause of both CO and HC 

emissions [30]. Fig. 5 and Fig. 6 show changes in HC and CO 

emission, depending on the engine speed, respectively. HC 

emission decreased as engine speed increased. The decrease in 

HC emission can be explained by the increase in cylinder tem-

perature with the increase of engine speed and the increase in 

combustion efficiency because of the impoverishment effect of 

amyl alcohol. Compared to the reference fuel A0 at 3200 rpm 
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engine speed, the HC emissions of A5, A10 and A20 fuels de-

creased by 23.809%, 52.380% and 57.147%, respectively. On 

the other hand, according to the reference fuel A0 fuel; CO 

emissions of A5, A10 and A20 fuels decreased on average by 

20.207%, 30.397% and 42.832%, respectively. Amyl alcohol 

contains less carbon than diesel fuel, the oxygen content in-

creases with the increase of amyl alcohol ratio in amyl alcohol 

and diesel mixtures, and the low stoichiometric air-fuel ratio of 

amyl alcohol causes an impoverishment effect of diesel fuel 

amyl alcohol mixtures, resulting in reduced CO emissions. Alt-

hough the high latent heat of evaporation of amyl alcohol ad-

versely affected the combustion efficiency, thanks to the high 

oxygen and low carbon ratio it contains the incomplete combus-

tion product HC and CO decreased. 

 

 

 

 

Fig. 5. HC emissions of test fuels depending on engine speed 
 

 

 

 

Fig. 6. CO emissions of test fuels depending on engine speed 

 

 

 

In Figure 7, the change of CO2 emission according to the en-

gine speed is given for the test fuel and test fuel mixtures. As 

can be seen in the figure, CO2 emission increased with increas-

ing engine speed, and fuel blends (A5, A10 and A20) gave 

higher CO2 emission values than the A0 reference fuel. The in-

crease in CO2 emissions with engine speed is the result of more 

fuel entering the cylinder. According to A0 at 3200 rpm engine 

speed, CO2 emissions of A5, A10 and A20 fuels increased by 

5.376%, 22.401% and 39.068%, respectively. Figure 8 shows 

the changes of NOx emissions depending on the increase in en-

gine speed. NOx emissions reached their maximum value at 

3200 rpm engine speed. With the increase of engine speed, es-

pecially at high engine speeds, NOx emissions increased with 

the addition of amyl alcohol compared to diesel fuel. At 3200 

rpm engine speed according to A0; NOx emissions of A5, A10 

and A20 fuels increased by 2.532%, 9.580% and 11.220%, re-

spectively. It is estimated that the increase in NOx emissions 

with the use of amyl alcohol compared to diesel fuel is due to 

the oxygen in amyl alcohol. Additionally, as the alcohol ratio 

increases, the ignition delay increases due to the decreasing ce-

tane number and this increases the combustion temperature. In-

creasing combustion temperatures also cause an increase in NOx 

emissions. Although the high latent heat of vaporization of amyl 

alcohol causes lower flame temperatures, NOx emissions have 

increased due to the oxygen it contains and the low cetane num-

ber. In addition, the increase in cylinder temperature together 

with the increasing engine speed triggered the increase of NOx 

emissions. 

 

 

 

 

Fig. 7. CO2 emissions of test fuels depending on engine speed 
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Fig. 8. NOx emissions of test fuels depending on engine speed 

 

Fig. 9 shows the graph of smoke emissions of fuel mixtures 

with amyl alcohol addiction and diesel fuel. The rate of smoke 

emissions decreases as the ratio of amyl alcohol increases in the 

fuel. Minimum smoke emission occurs at an engine speed of 

3200 rpm. At 3200 rpm engine speed, compared to A0, smoke 

emissions of A5, A10 and A20 fuels decreased by 10.769%, 

35.385% and 38.462%, respectively. It is thought that by im-

proving the viscosity and density by adding amyl alcohol to the 

fuel, smoke emissions are reduced. Improving viscosity and 

density positively affects fuel atomization and combustion qual-

ity. Thus, the oxidation temperature of smoke particles formed 

during the combustion process decreases and as a result, there 

is a decrease in smoke emissions. Moreover, the presence of ox-

ygen in the structure of amyl alcohol also reduced smoke emis-

sions. This reduction increased with increasing amyl alcohol ra-

tio. 

 

 

 

Fig. 9. Smoke emissions of test fuels depending on engine speed 

 

 

4. Conclusions 

 

The most important features preferred in alternative fuels 

used in diesel engines are that they are economically convenient 

and can be used without any structural changes on the engine. 

In this experimental study, the usability of amyl alcohol-diesel 

fuel mixtures in diesel engine was tested. The effect of 5%, 10% 

and 20% amyl alcohol addition to diesel fuel on engine perfor-

mance and emissions was examined in a single cylinder direct 

injection diesel engine and the following results were obtained; 

 

 With the addition of amyl alcohol to diesel fuel, engine 

torque and engine power decreased. According to the ref-

erence fuel A0, a decrease in engine torque with A5, A10 

and A20 fuels by an average of 2.700%, 4.975% and 

11.158% was found, respectively, while a decrease of 

5.166%, 8.210% and 13.745% was observed in the engine 

power, respectively. 

 

 Compared to the A0 reference fuel, the BSFC value in-

creased by an average of 8.086%, 15.370% and 31.487%, 

respectively, with the use of A5, A10 and A20 fuels. 

 

 Compared to the reference fuel A0 fuel, the CO emissions 

of A5, A10 and A20 fuels decreased on average by 

20.207%, 30.397% and 42.832%, respectively. 

 

 In comparison to the reference fuel A0, the HC emission 

decreased by 6.521%, 28.260% and 44.565% on average 

with A5, A10 and A20 fuels, respectively. 

 

 According to the A0 fuel, the CO2 emissions of A5, A10 

and A20 fuels increased by 8.119%, 30.577% and 

54.934%, respectively. 

 

 NOx emission values obtained from A5, A10 and A20 

fuels increased on average by 7.460%, 12.643% and 

15.502%, respectively, compared to A0 fuel. 

 

 The smoke emissions of A5, A10 and A20 fuels decreased 

on average by 9.540%, 19.519% and 2.330%, respectively, 

compared to A0 fuel. 

 

 

When the results obtained from the experimental study are 

examined, the data that coincide with the previous research re-

sults in the literature were obtained. It has been demonstrated in 

the literature that fuels with high oxygen content increase the 

combustion efficiency and contributes to the improvement of 

some exhaust emissions. The addition of oxygen-containing 

amyl alcohol to diesel fuel reduced CO, smoke and HC emis-

sions, while slightly increasing NOx and CO2 emissions. While 

a decrease in power and torque was detected with the addition 

of amyl alcohol, an increase occurred in the values of specific 
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fuel consumption. As a result, it has been demonstrated that iso-

amyl alcohol can be used as fuel in diesel engines without any 

engine modification. 
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Nomenclature 

A0 : 100% Diesel 

A5 : 5% Amyl alcohol + 95% Diesel 

A10 : 10% Amyl alcohol + 90% Diesel 

A20 : 20% Amyl alcohol + 80% Diesel 

BSFC :  Brake specific fuel consumption 

CO : Carbon monoxide 

CO2 : Carbon dioxide 

HC : Hydrocarbon 

NOx : Nitrogen oxide 
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