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Abstract  
 

The performance of the fuels blends and emission levels were investigated under various operating conditions of the 

engine. Performance parameters like torque, brake power, brake thermal efficiency and brake specific fuel consumption 

(BSFC) were studied. Also, carbon dioxide (CO2), carbon monoxide (CO), hydrocarbon (HC), oxides of nitrogen (NOx), 

oxides of sulfur (SOx) emissions and exhaust gas temperature were investigated. The tests were carried out on a 

horizontal single-cylinder, 4-stroke, air-cooled, 4.00 kW engine, TD115 model. The results showed that blend of diesel 

and eugenyl acetate (BDEA 1.0%, 0.6% and 0.2%) gave the best performance in terms of reduced exhaust emission. The 

test results showed that, with decreasing speed, the torque of the engine fueled with both diesel and the blends increased 

with the maximum torque was recorded at 1680 rpm engine speed for BDE 0.2%. Also, there was a considerable increase 

in exhaust temperature with the blends compared to the diesel. The exhaust gas temperature of BDC 0.2%, 0.6%, 1.0%, 

BDEA 0.2% and BDEA 1.0% appeared to be similar to that of the diesel at all speed conditions. The research reveals that 

for a constant load of 1000 g, brake power increases with the increase in engine speed, thus a maximum brake power of 

1.9 kW was obtained at 1680 rpm for BDEA 0.2%, this confirmed the results reported by researchers. There was an 

increase in the engine’s brake thermal efficiency when run on diesel and all the fuel blends at all speed conditions; 

however, BDEA 0.2% and BDEA 0.6% exhibited better combustion quality than diesel. The BSFC of the blends varied 

with the engine power and speed; therefore, for all the blends and diesel, consumption was high at low speed and vice-

versa.  The results also showed that the blends gave less CO compared to diesel. The minimum and maximum reduction 

of CO were 1.0 % and 1.5 % respectively of the blends, as compared to diesel. The emissions of NOx, SOx and CO2 

decrease with increase in clove oil, eugenol and eugenyl acetate in the blends. All the findings compared favorably with 

the results of other researchers. 
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1.0  INTRODUCTION 
Diesel engines are one of the main sources to 

supply the rapid growth of energy consumption 

worldwide. They have been widely used in the public 

and commercial transport sector due to their greater 

durability and efficiency. The current study in diesel 

engines is focused on emissions from exhaust gases, as 

they are causing problems in human health and the 

ecosystem, because they contain dangerous substances, 

such as organic carbon, elemental carbon and inorganic 

ions, etc. The emissions generated by diesel engines, 

which can be regulated or not regulated, have been 

studied extensively by several authors (Lloyd & 

Cackette, 2001). The emissions regulated by law are 

carbon monoxide (CO), unburned hydrocarbons (UHC), 

nitrogen oxides (NOx) and for diesel engines, 

particulate matter (PM) (Egebackm et al, 2015). There 

are several additional unregulated contaminants that 

have been found in engine exhaust gases, which may 

have potential health effects and, therefore, should be 

monitored and reduced in emissions. Ghadikolaei 

(2016) reviewed the classification of these pollutants, 

among which are: alcohols, alkenes, alkyl nitrites, 

monoaromatics, particle emissions, nitrogen dioxide, 

among others. However, many of the pollutants from 

unregulated emissions are found in very low 

concentrations. The percentage of emissions depends on 

the type of emission control technology and the age of 

this technology, the operating conditions, the fuel 

formulations, the ambient temperature and the operation 

of the catalyst. Karavalakis et al. (2012) have suggested 

in recent studies that biodiesel, alcohols, natural gas and 
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dimethyl ether (DME), could be used as alternative 

fuels to reduce harmful pollutants and greenhouse gases 

released from diesel engines. Biodiesel is produced 

from renewable energy materials such as vegetable 

seeds and wheat, corn and sugar beet (Rajan & 

Senthilkumar, 2009). 

 

1.1 Mechanisms for the Formation of Emissions 

in Diesel Engines.  

 In an internal combustion engine, some 

pollutants are generated and emitted by the exhaust 

pipe, regardless of whether they are compression 

ignition or spark ignition because the combustion 

process is not completely carried out in any of the 

operating conditions of the engine. The emissions from 

the exhaust pipe of the vehicles are the products of the 

combustion process that occurs inside the engine and 

comprises a series of pollutants such as CO, CO2, HC, 

NOx, SO2, and PM. Also, certain contaminants present 

in the fuel, such as sulfur, are released to the 

environment as a product of the combustion process. 

Vehicles with more powerful engines tend to generate 

higher pollutant emissions and these emissions not only 

depend on the temperature at which the combustion 

takes place, the pressure, the homogeneity of the 

mixture, the constructive characteristics of the engines 

and its emission control system, but also the 

maintenance status of the vehicle and operating factors 

such as speed, load and the frequency and intensity of 

accelerations and decelerations (Giakoumis et al. 2012). 

 

1.2  Aim and Objectives of the Research 
 The aim of this work is to produce bio 

additives from cloves and study their effects on the 

performance of a single cylinder compression-ignition 

engine. The following are the specific objectives to be 

achieved. 

(i) To conduct tests on engine’s performance on a 

single cylinder diesel engine test bed using the 

blends. The tests would include the torque, 

exhaust gas temperature, engine brake power, 

brake specific fuel consumption, and brake 

thermal efficiency; 

(ii) To determine the exhaust emissions level of 

the various gases emitted (e.g. CO, CO2, O2, 

NOx, SO2 and HC). 

 

1.3 Scope of the Study 
In this research work, the fuel blends are 

intended to be used for transportation, hence the 

extracted oil, the blends formed and characterized 

would be tested on a diesel engine test bed to determine 

its performance and emission characteristics.  

 

II. MATERIALS AND METHOD 
2.1  Materials 

 The materials used in conducting the 

experiments in this research work are listed below. 

(i). Clove oil. 

(ii). Eugenol. 

(iii). Eugenyl Acetate. 

(iv). Diesel. 

(v). Blends of diesel and clove oil (BDC):  

BDC (0.2%), BDC (0.4%), BDC (0.6%), BDC 

(0.8%) and BDC (1.0%) as shown  in plate I. 

(vi). Blends of diesel and Eugenol (BDE):  

BDE (0.2%), BDE (0.4%), BDE (0.6%), BDE 

(0.8%) and BDE (1.0%) as shown  in plate II. 

(vii). Blends of diesel and Eugenyl Acetate (BDEA):  

BDEA (0.2%), BDEA (0.4%), BDEA (0.6%), 

BDEA (0.8%) and BDEA (1.0%) as  shown in 

plate III. 

 

 
Plate-I: Blends of diesel and Clove oil 

 



 
 

I.M. Hadi et al; Saudi J Eng Technol, Aug, 2021; 6(8): 275-289 

© 2021 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates                                          277 
 

 
Plate-II: Blends of diesel and Eugenol 

 

 
Plate-III: Blends of diesel and Eugenyl Acetate 

 

3.1.2 Equipment 
(i) Automotive Emission Analyzer. 

(ii) TD 110 – TD 115 Diesel Engine Test Bed. 

(iii) Standby Generator set. 

(iv)  Laboratory scale thermometer. 

 

Table-1: Test Engine Characteristics/Specifications 

Parameters                Specifications 

Engine type                         Horizontal single cylinder 4-stroke diesel 

Number of cylinders             1 

Overall dimension, mm         545 x 325 x 446 (L x W x H) 

Bore stroke, mm                   85 x 85 

Compression ratio                 20.5:1 to 22:1 

Cooling method                   Air cooling by blowing 

Method of lubrication          Centrifugal lubrication, combined oil mist and splash 

Valve configuration             OHC 2 valves 

Oil sump capacity                1.0 liters  

Fuel tank capacity                4.0 liters 

Maximum speed, kW          4000rpm/min 

Rated speed, rpm                  2800 

Advance angle injection        20
0
 – 25

0
 before TDC. 

 
Source: (TQ Education and Training: TD110 – TD 115, 2010) 
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Fig-1: TD 114 Instrumentation Units 

 

 
Plate-IV: TD 114 Instrumentation Unit 
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Plate-V: Automotive emission analyzer 

 

 
Plate-VI: Complete diesel engine test bed 
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Plate-VII: Engine tests for the performance of blends 

 

3.2 METHODS 
3.2.1 Blending of Samples 

 As explained in seminar II, each treat rates 

samples were formed in 100ml container. 2ml, 4ml, 

6ml, 8ml and 10ml of the bio additives (Clove oil, 

Eugenol and Eugenyl acetate) were added to 98ml, 

96ml, 94ml, 92ml and 90ml of diesel fuel respectively. 

The 100ml blend was poured into a container mounted 

on a removable drum and fixed to a tumbler mixer. The 

timer was set to 10 minutes and the blender switched 

on. The same procedure was repeated for all the 

samples. The blends were observed after 48 hours and 

no phase separation was noticed, which implied there is 

no need to use a binder, a homogenous mixture was 

formed. 

 

For the purpose of this research work, a total 

of fifteen blends/samples were prepared as shown in 

plates I, II and III. The samples were; BDC(0.2%), 

BDC(0.4%), BDC(0.6%), BDC(0.8%), BDC(0.8%), 

BDC(1.0%), BDE (0.2%), BDE (0.4%), BDE (0.6%), 

BDE (0.8%), BDE (1.0%), BDEA(0.2%), 

BDEA(0.4%), BDEA(0.6%), BDEA(0.8%), and 

BDEA(1.0%) respectively. Where, BDC = Blend of 

diesel and clove oil, BDE = Blend of diesel and eugenol 

and BDEA = Blend of diesel and eugenyl acetate. The 

percentages in parentheses represents the amount (in 

mills) of the bio additive added to the diesel fuel to 

form a blend. 

 

3.2.2  Engine tests for the performance of blends 

 

3.2.2.1 Brake power 
An internal combustion engine is used to 

produce mechanical power by combustion of fuel. 

Power is referred to as the rate at which work is done. 

Power is expressed as the product of force and linear 

velocity or product of torque and angular velocity. In 

order to measure power, one needs to measure torque or 

force and speed. The force or torque is measured 

by Dynamometer and speed by Tachometer. The power 

developed by an engine and measured at the output 

shaft is called the brake power (Pb). The flywheel power 

is commonly referred to as brake power, Pb. The brake 

power was calculated using the following relation 

(Goering, 2003):  

 

000,60

2 eb

b

NT
P


     … (1) 

Where: Tb = engine brake torque, N.m 

  Ne = engine speed, rpm 

  Pb
 
= brake power, kW 

 

3.2.2.2 Brake thermal efficiency 
The brake thermal efficiency is the product of 

the indicated thermal efficiency and the mechanical 

efficiency. The indicated thermal efficiency is a 

measure of the combustion efficiency of the engine, 

while the mechanical efficiency indicates the efficiency 

https://en.wikipedia.org/wiki/Combustion
https://en.wikipedia.org/wiki/Torque
https://en.wikipedia.org/wiki/Angular_velocity
https://en.wikipedia.org/wiki/Dynamometer
https://en.wikipedia.org/wiki/Tachometer
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in converting the indicated power to brake power. The 

indicated thermal and the mechanical efficiencies are 

defined respectively as follows (Goering, 2003): 

 

fe

it

P

Pi
     … (2) 

i

m

P

Pb
     … (3) 

Therefore, the brake thermal efficiency is given as: 

 
fe

bt

P

Pb
     … (4) 

Where: Pi = indicated power, kW 

  Pfe = fuel equivalent power, kW =
3600

.

gfHm
  

    … (5) 

  mf = fuel consumption rate, kg/h 

  Hg = gross (higher) heating value of the fuel, 

kJ/kg 

  Pb = brake (flywheel) power, kW  

  Tb = engine brake torque, N.m 

  Ne = engine speed, rpm 

  Pi = indicated power, kW 

 

3.2.2.3 Brake specific fuel consumption 
It is defined as the amount of fuel consumed 

for each unit of brake power per hour; it indicates the 

efficiency with which the engine develops the power 

from fuel. It is used to compare performance of 

different engines (Charles, 2009). 

 

The amount of fuel which an engine consumes 

is rated by its brake specific fuel consumption (BSFC) 

(Yahuza et al., 2016). For most internal combustion 

engines, the BSFC will be in the range of 0.5 to 0.6 and 

the fuel efficiency will tend to peak at higher engine 

speeds. At near wide-open throttle the BSFC will be 

closer to a value of 0.5. The BSFC tends to be the same 

for similar engines. Really for huge diesel engines, it 

has been reported that BSFC values are in order of 0.35. 

The estimate of brake specific fuel consumption for 

two-stroke engines ranges from 0.55 to as high as 0.8 

(Charles, 2009). 

 

The brake specific fuel consumption was 

calculated by dividing the fuel mass flow rate, mf, by 

brake power. Mathematically, 

b

f

P

m
BSFC      … (6) 

Where: mf = fuel consumption rate, kg/h 

  Pb = brake (flywheel) power, kW 

 

IV. RESULTS AND DISCUSSIONS 
4.1  Engine’s performance analysis 

The samples of the bioadditive blends BDC 

(0.2%), BDC (0.6%), BDC (1.0%), BDE (0.2%), BDE 

(0.6%), BDE (1.0%), BDEA (0.2%), BDEA (0.6%), 

and BDEA (1.0%) were tested in the diesel engine test 

bed at varying speeds with a constant load of 1000 g to 

know the performance of the blends. Various values of 

torque, time taken to consume 8 ml of fuel, exhaust 

temperature and air flow manometer readings were 

taken and tabulated as shown in Tables 2 – 11. 

 

The test results show that, with decreasing 

speed, the torque developed by the engine run on diesel 

and the blends increased, and the higher torque was 

recorded as 10.50 Nm at 1680 rpm of engine speed. 

This is the trend for the all samples. It signifies that as 

the speed decreases, the engine requires more torque to 

overcome the frictional forces. Also, from the results, 

the time required to consume the 8 ml of the fuel 

decreases with decrease in speed. This is an evidence 

that for all the fuels (diesel and its blends) consumption 

was high at low speed and vice-versa.  

 

There was a considerable increase in exhaust 

temperature of the blends compared to the diesel at 

varying speed, but the exhaust temperatures of the 

blend were higher than that of the diesel fuel in the 

study. The maximum value of exhaust temperature was 

obtained with the BDEA 0.2% (190 
0
C) followed by the 

BDEA 0.4% (189 
0
C), both at engine speed of 1680 

rpm. However, there was a steady rise of this 

temperature as the power of the engine was increased. 

The BDC 0.8% and BDC 1.0% have the same amount 

of exhaust heat (142 
0
C) under the same operating 

condition of the test engine, same thing with BDEA 

0.8% and BDEA 1.0% having 182 
0
C at 1680 rpm. The 

percent difference for BDC 0.8%, BDC 1.0%, BDEA 

0.8% and BDEA 1.0% at 1680 rpm compared to that of 

diesel was just 1%, and 1.8% respectively. This agrees 

with the study carried out by (Giakoumis et al., 2012) 

on exhaust temperature released by diesel engine. 

 

Table-2: Engine Performance for Diesel Fuel 

Load 

(g) 

Speed 

(rpm) 

Time taken 

(s) 

Torque 

(Nm) 

Exhaust Temp. 

(
0
C) 

Air pressure 

(mmH2O) 

1000 2000 82 2.00 100 18.00 

1000 1920 68 2.30 115 18.50 

1000 1840 60 4.00 125 19.00 

1000 1760 50 6.00 130 19.50 

1000 1680 40 8.00 150 20.00 
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Table-3: Engine Performance for BDC 0.2% 

Load 

(g) 

Speed 

(rpm) 

Time taken 

(s) 

Torque 

(Nm) 

Exhaust Temp. 

(
0
C) 

Air pressure 

(mmH2O) 

1000 2000 105 1.95 110 17.50 

1000 1920 78 4.00 121 18.30 

1000 1840 65 5.95 130 19.00 

1000 1760 55 7.50 139 19.00 

1000 1680 45 8.90 151 20.40 

 

Table-4: Engine Performance for BDC 0.6% 

Load 

(g) 

Speed 

(rpm) 

Time taken 

(s) 

Torque 

(Nm) 

Exhaust Temp. 

(
0
C) 

Air pressure 

(mmH2O) 

1000 2000 102 1.85 106 17.50 

1000 1920 73 3.93 115 17.80 

1000 1840 61 5.70 125 18.00 

1000 1760 53 7.30 135 18.30 

1000 1680 43 8.69 145 19.20 

 

Table-5: Engine Performance for BDC 1.0% 

Load 

(g) 

Speed 

(rpm) 

Time taken 

(s) 

Torque 

(Nm) 

Exhaust Temp. 

(
0
C) 

Air pressure 

(mmH2O) 

1000 2000 100 1.80 101 17.30 

1000 1920 70 3.90 111 17.50 

1000 1840 59 5.40 122 18.20 

1000 1760 50 7.00 130 18.95 

1000 1680 40 8.40 142 19.50 

 

Table-6: Engine Performance for BDE 0.2% 

Load 

(g) 

Speed 

(rpm) 

Time taken 

(s) 

Torque 

(Nm) 

Exhaust Temp. 

(
0
C) 

Air pressure 

(mmH2O) 

1000 2000 80 2.00 100 17.50 

1000 1920 68 4.00 105 18.50 

1000 1840 50 6.00 125 19.50 

1000 1760 51 8.10 140 20.50 

1000 1680 43 10.00 175 21.50 

 

Table-7: Engine Performance for BDE 0.6% 

Load 

(g) 

Speed 

(rpm) 

Time taken 

(s) 

Torque 

(Nm) 

Exhaust Temp. 

(
0
C) 

Air pressure 

(mmH2O) 

1000 2000 75 1.80 97 17.00 

1000 1920 64 3.50 100 18.00 

1000 1840 44 5.20 120 19.30 

1000 1760 47 7.00 134 20.10 

1000 1680 38 9.20 170 20.00 

 

Table-8: Engine Performance for BDE 1.0% 

Load 

(g) 

Speed 

(rpm) 

Time taken 

(s) 

Torque 

(Nm) 

Exhaust Temp. 

(
0
C) 

Air pressure 

(mmH2O) 

1000 2000 75 1.80 97 17.10 

1000 1920 65 3.48 100 18.00 

1000 1840 45 5.20 121 19.35 

1000 1760 45 6.80 133 19.90 

1000 1680 38 9.15 169 19.90 
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Table-9: Engine Performance for BDEA 0.2% 

Load 

(g) 

Speed 

(rpm) 

Time taken 

(s) 

Torque 

(Nm) 

Exhaust Temp. 

(
0
C) 

Air pressure 

(mmH2O) 

1000 2000 120 2.60 114 18.00 

1000 1920 101 6.10 120 19.50 

1000 1840 98 7.00 150 20.00 

1000 1760 76 9.00 170 20.70 

1000 1680 51 10.50 190 21.50 

 

Table-10: Engine Performance for BDEA 0.6% 

Load 

(g) 

Speed 

(rpm) 

Time taken 

(s) 

Torque 

(Nm) 

Exhaust Temp. 

(
0
C) 

Air pressure 

(mmH2O) 

1000 2000 118 2.50 113 17.95 

1000 1920 100 6.00 119 19.00 

1000 1840 97 6.90 148 19.85 

1000 1760 75 8.95 168 20.50 

1000 1680 50 10.00 188 21.00 

 

Table-11: Engine Performance for BDEA 1.0% 

Load 

(g) 

Speed 

(rpm) 

Time taken 

(s) 

Torque 

(Nm) 

Exhaust Temp. 

(
0
C) 

Air pressure 

(mmH2O) 

1000 2000 115 2.20 110 17.90 

1000 1920 93 5.85 115 18.20 

1000 1840 92 6.70 140 19.65 

1000 1760 72 8.90 162 19.85 

1000 1680 48 9.85 182 20.00 

 

4.2  Brake power 

The brake power, brake thermal efficiency and 

the brake specific fuel consumption of the diesel and 

the blends were computed using SpiLab Version 6.1.0.  

Figure 2 shows the variations of torque and brake 

power for the diesel and the various blends with the 

speed. At constant load of 1000 g, the brake power 

increased with increase in engine speed as shown. The 

maximum brake power was found to be 1.9 kW at 1680 

rpm for BDEA 0.2%, this confirms the results reported 

by Agarwal and Das (2001). Furthermore, Agarwal and 

Das (2001) stated that engine produces its higher power 

at high engine speed provided that the frequency of 

cycles is completely balanced with the increase in 

torque. This hypothesis was confirmed by the results 

presented here as shown in Figure 2 which shows the 

variations of torque and brake power for the diesel, as a 

control, and the BDEA 0.2% (being the best blend) with 

the speed. The power range was same, but fuel 

consumption varies at different rates; this also agrees 

with the findings reported by Hansen et al. (2011), 

Roskilly et al. (2008) and (Reeser et al., 1995). 

 

 
Fig-2: Variation of torque and brake power for the Blends with the speed at a load of 1000 g 
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4.3  Brake thermal efficiency 

Figure 3 shows the brake thermal efficiency of 

the test engine when run on the diesel fuel blend 

samples under varying speed conditions. The efficiency 

was measured with diesel as a base fuel at various 

speeds. There was an increase in the engine’s brake 

thermal efficiency when run on diesel and all the fuel 

blends at all speed conditions.  Of all the fuel blends 

used, BDEA 0.6% gave higher brake thermal efficiency 

at high-speed conditions (1840 rpm to 2000 rpm) as 

indicated in Figure 3. From 1760 rpm to 2000 rpm, the 

brake thermal efficiencies for BDC 0.2%, BDC 0.6%, 

BDC 1.0%, BDE 0.2%, BDE 1.0%, BDEA 0.2% and 

BDEA 1.0% are higher than that of standard diesel. 

However, BDEA 0.6% gave the lowest brake thermal 

efficiency of 0.2% at 1985rpm to 2000 rpm. The brake 

thermal efficiency depends upon the combustion quality 

of the fuel; hence, BDEA 0.6% blend exhibited better 

combustion quality than diesel. This result agrees with 

the findings of (Basinger et al, 2010) whom also 

reported that the brake thermal efficiency of an engine 

depends on the heating value and specific gravity, 

meanwhile, the combination of heating value and mass 

flow rate indicate energy input to the engine. 

 

Hansen et al. (2004), also reported that the 

thermal efficiency of the engine is found to improve by 

increasing the concentration of eugenol in the blend, the 

reason given was the possibility of more complete 

combustion due the presence of more oxygen in the 

blends. 

 

 
Fig-3: Variation of brake thermal efficiency for the blends at different speeds 

 

4.4  Brake specific fuel consumption 

The specific fuel consumption depends upon 

the mass flow rate, and the results for the specific fuel 

consumption of the diesel and the various blends were 

presented in Figure 4. The brake specific fuel 

consumption for BDEA 0.2%, BDEA 0.6%, BDEA 

1.0% and BDE 0.2% are lower than that of diesel at all 

speed conditions, whereas for BDE 0.6%, it is slightly 

high compared with that for diesel. It is also observed 

that specific fuel consumption increases with increase 

in speed. Brake specific fuel consumption means the 

fuel consumption has been normalized by dividing by 

the engine’s power. Thus, BSFC is equal to the fuel 

flow rate divided by the engines power. The brake 

specific fuel consumption (BSFC) of the blends varies 

depending on the engine power and speed. For all the 

blends and diesel, consumption was high at low speed, 

with increasing speed it decreases.  

 

Figure 4 shows the behaviour of the fuels at 

different speeds. At 2000 rpm and 1.2 kW power, the 

brake specific fuel consumption of BDC 0.2%, BDC 

0.6%, BDC 1.0%, BDE 0.2%, BDE 0.6%, BDE 1.0%, 

BDEA 0.2%, BDEA 0.6%, BDEA 1.0%, are 605.8, 

779.7, 809.8, 920.5, 1079.7, 1077.7, 469.4, 484.4, and 

565.3 kg/kW.hr respectively. It can be seen that there 

was an increase of 24.8%, 30.5%, 33.8%, 41.7%, 68.0% 

and 69.8% respectively over that of diesel.  

The results show that the difference at any particular 

speed increases up to a maximum value of 69.8%. This 

result agrees with the one reported by Puhan et al. 

(2005). 
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Fig-4: Variation of brake specific fuel consumption for the diesel and the blends at different speed conditions 

 

4.5  Exhaust Emission Analysis 

 

4.5.1  Exhaust gas temperature 

The exhaust gas temperatures from the test 

engine are higher with all the fuel blends than with 

diesel fuel due to the higher heating value of the blends. 

The exhaust gas temperature of BDC 0.6% appeared to 

be similar to that of the diesel at speed conditions 1840 

rpm to 1920 rpm, except at 1680 rpm, where it is a bit 

higher (150
0
C for the diesel and 152

0
C for the BDC 

0.6%). The BDE 1.0% appeared to be the best among 

the blends due to the lower heating value at all speed 

conditions. The variation of the exhaust temperature 

with engine speed tends to be linear for the blends BDC 

0.2%, BDC 0.6% and BDC 1.0% respectively, while 

the trend is similar for BDE 0.2%, BDE 0.6%, BDE 

1.0% BDEA 0.2%, BDEA 0.6% and BDEA 1.0%, and 

the highest value was below 190 
0
C at all the speed 

conditions as shown in Figure 5, this confirmed with the 

study carried out by Yahuza et al. (2016). The higher 

exhaust temperature with the diesel is due to containing 

lower amount of oxygen molecules which is indicative 

of lower thermal efficiency, less of the energy input in 

the fuel was converted to useful work, the remaining 

heat is given out as exhaust temperature. This agrees 

with the findings reported by Yahuza et al. (2016) and 

Pramanik (2003). However, Hansen et al. (2011) stated 

that higher efficiency may be an indicator of better 

combustion behavior of the bioadditive-diesel blends, 

resulting in higher temperature and consequently higher 

exhaust temperature. Hansen et al. (2011) explained, for 

the high exhaust gas temperature is the fact that higher 

ignition delays result in a delayed combustion and 

higher exhaust temperature. Agarwal (2007) reported 

that when oxygen concentration is increased the exhaust 

gas temperature increases. 

 

 
Fig-5: Exhaust gas temperature for the blends and diesel at different speeds 

 



 
 

I.M. Hadi et al; Saudi J Eng Technol, Aug, 2021; 6(8): 275-289 

© 2021 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates                                          286 
 

4.5.2  Carbon dioxide (CO2) emission at different 

speed conditions 
The carbon dioxide (CO2) emission depends 

upon the complete combustion of the fuel. Since all the 

blends have more oxygen molecules content, this results 

in complete combustion. Due to the complete 

combustion of the fuel blends, carbon dioxide emission 

also increases. It can be seen from Figure 6 that the 

carbon dioxide (CO2) emission using diesel fuel is 

lower because of the incomplete combustion as 

compared to the blends. At all speed conditions, BDEA 

0.2% and BDEA 0.6% exhibited the highest values of 

CO2 emission, because of the complete combustion, 

they are best among the fuel blends as indicated in 

Figure 6. The increase in CO2 is directly propositional 

to the increase in the amount of oxygen molecules as 

shown in Figure 6, this is because eugenyl acetate 

contained more oxygen molecules.  

 

Carbon dioxide (CO2) has great effect on the 

greenhouse gases, in that it has the tendency to form a 

blanket effect on the atmosphere which aids the global 

warming. The CO2 generally increases with increase in 

engine speed. At 1680 rpm, D100, BDC 1.0% and BDE 

1.0% has the lowest CO2 emissions, while at 2000 rpm, 

CO2 emission is high for almost all the blends. Agarwal 

(2007) found that the CO2 emissions from a diesel 

engine was higher. At the highest speed of 2000 rpm, 

the CO2 emitted for BDEA 0.2% and BDEA 0.6% is 

5.8% as compared to 2.0% at 1680 rpm. CO2 emission 

indicates how efficiently the fuel burns inside the 

combustion chamber.  

 

 
Fig-6: Carbon dioxide (CO2) emission for the blends and diesel at different speeds 

 

4.5.3  Carbon monoxide (CO) emission at 

different speed conditions 
The results for the carbon monoxide emission 

of the blends and diesel at different speed conditions are 

shown in Figure 7. The carbon monoxide emission 

depends upon the oxygen content and cetane number of 

the fuel. The blends have more oxygen content than the 

diesel fuel; so, the blends having more oxygen content 

are involved in complete combustion process. The 

maximum carbon monoxide emission was observed at 

1760 rpm of the engine speed for BDC 0.2% blend 

when run on diesel fuel.  

 

Figure 7 illustrates the variation of CO 

emission with engine speed. It can be seen that at 1680 

rpm the BDEA 0.6% has the least CO emission 

followed by the BDEA 1.0% and BDE 1.0% 

respectively. The CO emission is lower at 2000 rpm for 

all the blends. This shows that with more speed, the 

engine requires additional oxygen for its combustion 

which was not readily available with the additional 

injection of fuel. This tends to increase the emission of 

CO. This result is in line with the findings of studies 

conducted by Hansen et al. (2011), Kalligeros, et al. 

(2003) and Marshall et al. (1995). The most noticeable 

reduction appeared at speed of 1920 rpm. At low-speed 

condition, cylinder temperature was too low, that 

increased with loading due to more fuel injected inside 

the cylinder. Findings of Kalligeros et al. (2003) 

indicated that for low speed, CO reduction was 

practically unaffected by the addition of any fuel to 

diesel. The study, further stated that at elevated 

temperature, performance of the engine improved with 

relatively better burning of the fuel resulting in 

decreased CO. 
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Fig-7: Carbon mono (CO) emission for the blends and diesel at different speeds 

 

4.5.5  Oxides of nitrogen (NOX) emission at 

different speed conditions 
NOX emissions depend on the oxygen 

concentration and the combustion time. At all speeds 

conditions, NOX emission of the blends is always higher 

than that of standard diesel due to the oxygen 

concentration and combustion timing. Since clove oil, 

eugenol and eugenyl acetate has very low cetane 

number, the cetane numbers of the blends are lower 

than that of standard diesel (as previously presented in 

Seminar II). This causes increase in the NOX emission 

of the blends. The shorter ignition delay could be a 

reason of increased NOX emission. D100 and BDC 

1.0% show similar values at 1920 rpm speed conditions. 

Similarly, BDEA 0.6% and BDEA 1.0% show the same 

trend. All the fuel blends have values of NOX which is 

above 100ppm at high speed (1920 rpm - 2000 rpm), 

while that of diesel was below this value at the rate of 

the same speeds.   
  

 At 2000 rpm, BDEA 0.2% has more NOx 

emission than all the blends, with BDC 1.0% having 

least. As speed is increased, so does all NOx emission 

in all the blends. However, the diesel gave the least 

NOx emission at speed of 1680 rpm. At low speeds, 

engine block and cylinder temperature were not very 

hot therefore little amount of NOx was produced. But 

studies by Puhan et al. (2005) show reduction in NOx 

consistently for some tests done. They stated that the 

emission of NOx is determined by oxygen 

concentration, peak pressure, combustion temperature 

and time. From this, it can be concluded that any 

change in combustion temperature and stoichiometry 

will affect the production of NOx. In summary, it can 

be seen that there was a gradual increase of NOx. 

Emission in all the fuels as the speed is increased. 

 

 
Fig-8: Oxide of Nitrogen (NOX) emission for the blends and diesel at different speeds 
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4.5.6  Oxides of sulfur (SOX) emission at different 

speed conditions 
Figure 9 shows the results for the oxide of 

sulfur emission of the blends and diesel at different 

speed conditions. When fuel is burnt in an engine, any 

sulfur will be converted into sulfur dioxide (SO2) gas. 

This readily dissolves in water to produce an acid, 

which accounts for the irritation to respiratory tract if 

inhaled and it also affects the ecology (IEA 2014). 

 

Sulfur dioxide (SO2) is generated from the 

sulfur present in diesel fuel. The concentration of 

SO2 in the exhaust gas depends on the sulfur content of 

the fuel. Low sulfur fuels of less than 0.05% sulfur are 

being recommended for most diesel engine applications 

(IEA, 2014). SO2 is a colorless toxic gas with a 

characteristic, irritating odor. Oxidation of sulfur 

dioxide produces sulfur trioxide which is the precursor 

of sulfuric acid which, in turn, is responsible for the 

sulfate particulate matter emissions. Sulfur oxides have 

a profound impact on environment being the major 

cause of acid rains. It can be seen, from Figure 9, that 

the SO2 decreases with increase in the speed of the 

engine and BDEA 1.0%3, BDE 1.0% followed by BDC 

1.0% appeared to be the best candidates with lowest 

SO2 emission when compared with diesel and the 

blends. The decrease of the SO2 emission as the speed 

increases indicated that the fuel consumption is low at 

high speed, and this agrees with the findings reported 

by Hansen et al. (2011). The SO2 content of the diesel 

and the blends is below 13 ppm which indicated a better 

sulfur content. The sulfur limit for highway diesel fuel 

is 0.015% (15 ppm) (Mittelbach & Remschmidt, 2006). 

 

 
Fig-9: Oxide of sulfur (SO2) emission for the blends and diesel at different speeds 

 

4.5.7.  Hydrocarbon (HC) emission at different 

speed conditions 
 The results for the hydrocarbon (HC) emission 

of the blends and diesel at different speed conditions are 

shown in Figure 10. The variation of HC emission with 

engine speed was shown in figure 10. Hydrocarbon 

concentration decreases with increase in engine speed. 

D100 has the highest concentration of HC (70 ppm at 

1680 rpm). The least value was recorded at 5 ppm for 

BDEA 0.6% at 200 rpm followed by BDEA 1.0% (6 

ppm at 2000 rpm). This result agrees with the one 

reported by Kadarohman et al. (2010). 

 

 
Fig-10: Unburnt hydrocarbon (UH) emission for the blends and diesel at different speeds 
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