
International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 6, Issue-4, Apr.-2018, http://iraj.in 

Effect of Butanol on Performance and Smoke Emission of Direct Injection Diesel Engine Fueled by Jatropha Oil and Diesel Fuel with EGR 
System 

 
41 

EFFECT OF BUTANOL ON PERFORMANCE AND SMOKE EMISSION 
OF DIRECT INJECTION DIESEL ENGINE FUELED BY JATROPHA 

OIL AND DIESEL FUEL WITH EGR SYSTEM 
 

1SYAIFUL, 2SYARIFUDIN 
 

Department of Mechanical Engineering, Diponegoro University, Indonesia 
E-mail: 1syaiful.undip2011@gmail.com, 2masudinsyarif88@gmail.com 

 
 
Abstract - Diesel engines are widely used in industry, automotive, power generation due to better reliability and higher 
efficiency than gasoline engines. However, diesel engines produce high smoke emissions. The main problem of diesel engines 
is actually the use of fossil fuels as a source of energy in which their availability is diminishing. Therefore, alternative diesel 
fuel substitutes such as jatropha and butanol are needed to reduce dependence on fossil fuels. In the current study, the butanol 
effect on the performance and smoke emission of direct injection diesel engine fueled by jatropha oil and diesel fuel with EGR 
systems was investigated. Performance and smoke emissions of diesel engine were investigated with variation of fuel blends 
percentages. The percentage of butanol was in the range of 5 to 15%, jatropha was 10 to 30% and diesel fuel was balance. EGR 
was varied through valve openings from 0 to 100% with 25% intervals. The experimental data showed that the higher 
percentage of butanol in the fuel blended resulted in a decrease of torque of 5.69%, BTE by 5.31%, EGT by 3.99%, Opacity by 
25.4% and BSFC increase by 12.33%. 
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I. INTRODUCTION 
 
Diesel engines are widely used due to higher fuel 
efficiency and generate greater power and torque 
compared to gasoline engines (Yie Tan Hua et al, 
2017).In addition, the diesel engine does not require 
spark plugs because the combustion system uses 
compression-ignition. This system allows the 
achievement of high initial pressure before the 
combustion process occurs (Heywood, 1988).On the 
basis of such diesel engine suitable for use as a driving 
force in the transport vehicle in the heavy equipment 
industry and automotive industry.  
 
Another reason for diesel-fueled diesel engines, diesel 
fuel is a type of non-renewable fossil fuel from 
petroleum extract (Jincheng Huang et al, 2010). Diesel 
fuel has a chemical structure made up of atoms and 
hydrogen with a straight chain structure. This structure 
is perfect because of better ignition quality so as to 
support the perfect combustion process (Amin A et al, 
2015). 
With the widespread use of diesel fuel, resulting in 
diminishing petroleum reserves and exhaust emissions 
from diesel engines. Jatropha is one of the fuels that 
come from non-food ingredients. Jatropha has been 
extensively researched as an environmentally friendly 
alternative fuel (Vimal Chandra Pandey et al., 2012). 
Jatropha is potentially developed to reduce 
dependence on fossil fuels and is also unaffected by 
global oil prices (Lu-Yen Chen et al., 2013).According 
to JinlinXue et al. (2011), blending Jatropha with 
diesel fuel can reduce fears of oil fuel depletion 
without sacrificing power and economic value of 
diesel engines, but the use of jatropha as a mixture 
material produces higher smoke emissions than diesel 
(M.  

 
Sentil Kumar et al, 2013). Concerns about the 
depletion of fuel reserves are the main reasons Chen 
Zheng et al. (2013), blending jatropha with alcohol to 
serve as an alternative fuel source. Syaiful et al (2017) 
in their research observed that by adding liquor 
alcohol (methanol) to jatropha and diesel fuel mixtures 
can reduce soot emissions, and this decrease increases 
as the increase of alcohol percentage in the fuel blends. 
According to Imtainan S. et al. (2015), butane blend 
10% (B10), butanol 15% (B15) and butanol 20% 
(B20) on the use of jatropha fuel diesel engines, the 
resulting smoke emissions decreased compared to 
diesel fuel. The same study was conducted by Zhang 
Tankai et al. (2016), the blending variation of B20 
indicates thermal efficiency and engine speed (idling) 
slightly better than B15 and B30. 
 
In the study Fayad MA et al. (2016), the active role of 
oxygen compounds contained in n-butanol as a 
mixture of diesel fuel has an effect on increasing the 
oxidation concentration thereby suppressing the 
formation of soot. In addition, the high rate of heat 
propagation can decrease the size of Particulate Matter 
(PM). This is evidenced by Chen Guisheng et al. 
(2013), by experimenting the addition of n-butanol by 
20% (B20) and 30% (B30) on diesel fuel.  
 
The effect of the addition of B20 mixture is slightly 
better than B30 in decreasing soot formation due to 
longer ignition time. According to Zerraki M et al. 
(2016), 20% blending n-butanol in diesel fuel 
produced lower carbon monoxide (CO), nitrogen 
oxide (NOx) emissions and higher hydrocarbon (HC) 
than pure diesel. This is influenced by the high value 
of output power, BSFC value and thermal efficiency 
value and cetane number which is almost the same as 
diesel. 
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Exhaust Gas Recirculation (EGR) is a widely used 
method to reduce NOx emissions. Some of the residual 
combustion gases are recirculated back into the 
combustion chamber. EGR valve opening setting of 
15% to 20% is effective for lowering NOx emissions. 
While setting the valve opening EGR 25% to 40% 
resulted in increased emissions of soot (Huang 
Haozhong et al, 2016). 
Based on the above, the study will observe the effect 
of n-butanol utilization on the performance and 
emission of soot produced on direct injection diesel 
engines using a mixture of diesel fuel and jatropha oil 
with EGR systems. The results will be compared to the 
performance and emissions of diesel-fueled diesel 
engines 
 
II. EXPERIMENTAL SET UP 
 
The methodology of research in this study is the 
experimental method by testing on a direct injection 
diesel engine. The technical specifications of diesel 
engines can be shown in Table 1. 
 

Table 1. Specification of diesel engines 

Model of engine 
type 

Isuzu 4JB1 
Four cylinder, four cycle, 
OHV 
Vertical inline, direct 
injection 

Cylinder number 4,  
Cylinder bore 93 mm 
Cylinder Stroke 102 mm 
Compression ratio 18,2 : 1 
Compression 
pressure 31 kg/cm2 

Total cylinder 
volume 2771 cc 

Maximum power  52.2 kW at 3000 rpm 
Maximum torque 178.96 Nm at 2000 rpm 

 
Testing was performed at 2500 rpm engine speed with 
EGR valve opening (EVO) 0 to 100%. EVO of 0, 25, 
50, 75 and 100% indicates EGR rates of 0, 12.8, 14.1, 
15.3 and 16.5%. Each was loaded from 25% to 100% 
with a 25% interval. The fuel used was diesel, castor 
oil and butanol. Diesel fuel is produced by PT. 
Pertamina (Indonesian oil and gas company) while 
Jatropa oil and butanol were bought from local market. 
The physical properties of the fuel are shown in Table 
2. 

Table 2. Properties of alkohol and diesel 
N
o Propertis Dies

el 
Jatrop

ha 
But
anol 

1 Cetane number 48,0 41,8 17 

2 Water content (%v) 0,05 3,16 34,2
2 

3 Viscosity (at 40oC 
(mPa.s)) 

2,0 – 
5,0 3,23 2,63 

4 Density at 15oC 
(kg/m3)   840       880     

810 

5 Heating value 
(MJ/kg) 

45,2
1 37,97 33,2

1 
6 Flash point (oC) 60,0 198,0 35,0 

 
Percentage of Jatropha by volume used was 10%, 20 
and 30% while the percentage of butanol volume was 
5%, 10%, and 15%. To avoid the problem of 
separation between the three fuels blended, a mixer 
was used to obtain a homogeneous blend. 
 
In this experiment, the apparatus is arranged as shown 
in Figure. 1. The fuel mixture prepared according to 
the percentage of the fuel blend was applied to the 
diesel engine. Fuel consumption was determined by 
calculating the time to consume 30 ml of fuel in a 
burret. When the diesel engine works, the loading was 
carried out with some load variations measured using a 
dynamometer (DYNOmite Land & Sea type water 
dynamometer). This was done in order to measure 
torque and engine power. The exhaust manifold side 
has been connected to the EGR, in which the EGR rate 
was regulated by the EGR valve. The smoke emission 
was measured using a smoke meter (Smoke meter 
OTC 495).  

 

 
Figure 1. Schematic of test system 
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Figure 2. Effect of percentage variation of fuel blends on 
BRAKE POWER 

 
III. RESULT AND DISCUSSION 
 
A. Effect of fuel blend on Brake Power 
Figure 2 shows that the brake power value decreases 
compared to diesel fuel (D100). This is due to the low 
calorific value of blended fuels that affect the 
combustion characteristics (Zhiqiang et al, 2011). The  
 greater the alcohol content (butanol) in blended fuel, 
the resulting power tends to decrease due to the low 
calorific value of butanol and jatropha (Qi et al, 2010). 
The effect of percentage variation of fuel blend on the 
brake power of diesel engine with 100% EGR tends to 
decrease. The highest brake power deceleration of 
5.68% against D100 occured in DJ30B10 fuel when 
the load was 50%. When using blended fuel, the 
highest brake power was obtained on DJ30B10 
blended fuel at 25% load of 24,43 kW and the lowest 
brake power was obtained on DJ10B5 fuel of 36,99 
kW at 25% full load. 
 
B. Effectof of Fuel Blend on Brake Torque 
The use of Jatropha-butanol blended fuel in diesel 
engines produces lower torque compared to diesel fuel 
(D100). The low heating value of blende fuels 
influences the combustion characteristics (Buyukkaya,  

 
Figure 3. Effect of Percentage Variation of Fuel Blends on 

Brake Torque 
 

 
Figure 4. Effect of Percentage Variation of Fuel Blends on 

BSFC 
2010). The large percentage of alcohol content in the 
fuel affects the decrease of torque value, due to the low 
heat value contained in the alcohol (Qi et al, 2010). 
Similarly, with the high concentrations of Jatropha in 
the fuel blend, the torque generated tends to decrease 
because the jatropha heat value is lower than that of 
diesel (Buyukkaya, 2010). 
 
Figure 3 shows the effect of percentage variation of 
fuel blend on brake torque of the diesel engine with 
16.5% EGR rate. Torque values decrease with the use 
of blended fuels except at 75% load, DJ10B10 fuel is 
increased by 0.55% against D100 at the same load. 
The highest torque decrease occurred on DJ30B10 
was 5.69% against D100 at the 50% load. The highest 
torque value occurs on D100 fuel at the full load. 
When using blended fuel, the highest torque is found 
on DJ10B5 blended fuel at full load and the lowest 
torque is obtained for the DJ30B10 fuel at 25% load. 
 
C. Effect of Fuel Blend on Brake Spesific Fuel 
Consumption (BSFC) 
 
The effect of percentage of blended fuel to BSFC on 
diesel engines with 16.5% EGR rate is shown in 
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Figure 4. In general, BSFC values tend to increase 
compared to D100 except for DJ10B5 and DJ10B10. 
The increase in BSFC values is due to the low value of 
heat contained in Jatropha fuel and butanol compared 
to diesel fuel (Karabektas et al, 2011). The greater the 
content of Jatropha and butanol the higher the value of 
BSFC (Vashist et al, 2011 and Zhu et al, 2010. 
However, this is not the case with DJ10B5 and 
DJ10B10 fuel mixtures. 
 
The highest increase of BSFC occurred on DJ30B10 is 
12.33% against D100 at the same 50% load, while the 
lowest increase of BSFC value occurs on DJ10B10 
fuel at the full load. By using blended fuel, the highest 
BSFC value is found on DJ30B10 fuel at 25% load. 
The lowest BSFC value is obtained on DJ10B10 fuel 
at full load. 
 
D. Effect of Fuel Blends on Brake Thermal 
Efficiency (BTE) 
Based on Figure 5, the value of BTE tends to decrease 
compared to D100 except for DJ10B5, DJ10B10 and 
DJ10B15. This decrease is due to the low of heating 
value of blended fuels (Agarwal, 2004). In addition, 
the high percentage of EGR rate results in high 
turnover of air by flue gas. High flue gas flow rates 
decrease the average temperature of the combustion 
chamber resulting in a decrease in the value of BTE 
(Mani et al, 2010). 

 
Figure 5. Effect of Percentage Variation of Fuel Blends on 

BTE 
The highest decrease in BTE value observed on 
DJ30B10 fuel at 50% load was 5.31% against the 
D100 fuel. The highest BTE value found on DJ10B10 
fuel at 75% load was 48.02% and the lowest one 
obtained on DJ30B10 fuel was 30.93% at 25% load. 
 
E. Effect of Fuel Blend on Exhaust Gas 
Temperature (EGT) 
The value of exhaust gas temperature (EGT) increases 
as the load increases as expressed in Figure 6. This 
increase in EGT values also occurred in the study 
conducted by Mani et al. (2010). This is due to the 
decrease in combustion temperatures due to the high  

 
Figure 6. Effect of Percentage Variation of Fuel Blends on 

EGT 
heat of evaporation when using butanol as a fuel 
mixture (Zhu et al, 2010). In addition, the low content 
of the calorific value of butanol affects the decrease in 
temperature (Muralidharan, 2011). The highest EGT 
decrease found on DJ20B15 fuel at 75% load was 
3.99% against D100 fuel. The highest EGT value was 
obtained approximately 437 oC on DJ10B15 blended 
fuel at full load. 
 
F. Effect of Fuel blends on Smoke Emission 
Figure 7 shows the smoke emission for the different 
fuel blends and the variation of engine loads at the 
EGR rate of 16.5%. The smoke emission is indicated 
by opacity. From the Figure 7 can be observed that the 
opacity reduces as increasing the percentage of 
butanol in the fuel blends. This is due to the high 
concentration of oxygen in butanol inside the diesel 
fuel mixture (Syaiful et al, 2013). 
 

 
Figure 7. Effect of Percentage Variation of Fuel Blends on 

Smoke Emission 
 
The highest opacity reduction of 25% was found for 
DJ20B10 fuel compared to that of D100 at the load of 
25%. The highest smoke opacity value of 29.81% was 
obtained on DJ10B5 fuel at full load. 
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CONCLUSIONS 
 
The main conclusions obtained in the study of the 
effects of butanol on the performance and smoke 
emissions on direct injection diesel engine with EGR 
systems are as follows: 
1. The use of jatropha-butanol fuel blends in direct 

injection diesel engines causes a decrease in torque 
and brake power for whole of fuel blends.  

2. BSFC increased with the use of fuel blends except 
for DJ10B5 and DJ10B10. 

3. BTE for the engine fueled by 10% jatropha oil was 
observed higher than that of D100. 

4. In general, the use of jatropha-butanol in the diesel 
engine caused the reduction of EGT. 

5. Smoke emission might be reduced by adding 
butanol into diesel-jatropha fuel blends. 
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