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Abstract   
 
This work concentrates on performance & diesel engine emission 

characteristics by the blending of n-Butanol by its volume and n-Pentanol 

by its volume as additives with base pure diesel fuel. The focus on an 

alternate fuel which produces less emission, less consumption of fuel and 

high thermal efficiency of IC engines is increased during the last decade. 

Emissions i.e. CO2, NOx, smoke and particulate emissions are the most 

predominant emissions from the diesel engine. Particularly, the fuel which 

contains high O2 is having more potential to reduce emissions. The 

oxygenated additives properties are compared with the properties to be a 

fuel. Fuel required properties are reviewed and compared diesel fuel. Then 

experiments are carried out in DI engine by blending the n-Butanol and n- 
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Pentanol of 2.5% & 2.5%, 5% & 5%, 7.5% & 7.5% and 10% & 10% 

respectively with diesel. It results that overall, blending of oxygenated 

additives with diesel fuel produces good performance characteristics. The 

result shows that, there are decreases in specific fuel consumption, HC, CO 

and CO2 Emissions. However, result shows that there are increases in 

thermal efficiency and NO Emissions at higher load. 

 

Keywords: n-Butanol, n-Pentanol, Diesel, Emission and Diesel engine. 
 

1 Introduction  
 

Fuel depletion is the main crisis, which is facing by India and also an 

environmental degradation. These has become major issues during 

manufacturing of sixth generation engines &  manufacturers are focusing 

considerable energy and resources as per emissions standards. Most of the 

engine consumes various conventional fuels such as petrol, Diesel and gas, 

which leads to many environmental issues. Combustion of fossil fuels emits  

several pollutants. Regulated and unregulated pollutants are its types. [1] 

The pollutants, whose limits have been fixed by environmental legislation 

is referred as Regulated pollutants. They are EURO, USEPA and Bharat 

norms.  CO , NOx, particulate matter (PM) and HC are regulated pollutants 

and  benzene, aldehydes, formaldehyde, SO2, toluene, CO2, xylene (BTX) 

and methane etc. are unregulated pollutants.  [2] These pollutants, leads to 

huge effects on human health. Based on health effects, it is further 

classified as short term and long-term effects. First discussed effects are 

caused by CO, NOx, Particulate matter and formaldehyde etc and PAH’s, 

BTX, formaldehyde etc are the reason for long term effects on human 

health. The consumption of large dosage of CO introduces heart disorders 

and also it effects on nervous system, and forms carboxy hemoglobin in 

human blood by impairing oxygen-carrying capacity. Nitrogen oxides 

consumption leads to  irritation in the respiratory systemt. Coughing, 

Drowsiness and eye irritation, are  caused by Hydrocarbons.  

The unregulated and regulated pollutant contributes to local and 

universe  environmental effects. [3]. Smog can be typed into summer and 

winter. Summer smog is produced by aldehydes, CO, NO2. A particulate 

matter leads to winter smog. Nitrogen oxides, sulfuric oxides etc. are causes 

of acidification. Nitrogen oxide, CO, methane, CO2 and non methane 

hydrocarbons etc. lead to hole in ozone layer and also global warming. 

Different approaches have been explored to relief these diesel engine 

problems, which including the use of oxygenated  bio fuels, i.e bio-

alcohols. By introducing oxygenated additives, particulate emission can be 

reduced in diesel fuel. [4] Thus bio-alcohols are good replacement for the 
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non-2 renewable diesel fuel. Bio-alcohols i.e  ethanol is widely used in both 

domestic fuel engines widely. It results particulate emission are low in the 

ethanol blended with diesel fuel [5].  

 

Properties of fuel  Diesel n-Pentanol n-Butanol 

O2 content  [wt.%] 0 by weight % 
18.1 by 

weight % 

21.6 by weight 

% 

Lower heating 

value  
42500 kJ kg

-1
 34500 kJ kg

-1
 33090 kJ kg

-1
 

Density at 20 °C  827 kg m
-3

 814 kg m
-3

 810 kg m
-3

 

Viscosity at 40°C  2.86 mm
2
 s-

1
 2.88 mm

2
 s-

1
 2.22 mm

2
 s-

1
 

Vaporization latent 

heat  
290 kJ kg

-1
 308 kJ kg

-1
 585 kJ kg

-1
 

Flashpoint  71°C 49°C 35°C 

Boiling point  210°C -235°C 138°C 117°C 

Cetane number 52 20 17 

 
Table 1 Properties of Diesel fuel, n-Pentanol chemical and n-Butanol chemical [1] 

 

This work focuses to use n-pentanol / n-Butanol / neat diesel  as fuel at 

compressed ignition engine & its influence on performance and emission 

parameters. CI engine is operated with different n-pentanol / n-Butanol / 

blends diesel fuel and the emission from the DI engine is analyzed.  

 

1.1 Engine Modification Required  
 

Blends of n-butanol and n-pentanol in neat diesel are commonly used in 

vehicles of diesel engine; however, [6] vehicle modifications are not 

required for n-butanol and n-pentanol fueling does not affect the diesel 

properties much because of  its properties 
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1.2 Fuel Blends 
 
The n-pentanol and n-Butanol was purchased and properties of diesel 

fuel, n-Butanol and n-pentanol are listed in Table No. 1. The fuels tested 

and blends are, straight diesel fuel , 2.5% n-pentanol/ 2.5% n-Butanol  / 

95% diesel fuel, 5% n-pentanol/ 5% n-Butanol  / 90 % diesel fuel, 7.5% n- 

pentanol / 7.5% n-Butanol  / 85% diesel fuel , 10% n-pentanol/ 10% n 

Butanol  / 95% diesel fuel.  The calorific value of 2.5% n-pentanol/ 2.5% n 

Butanol  / 95% diesel fuel , 5% n-pentanol/ 5% n-Butanol  / 90 % diesel 

fuel blend , 7.5% n-pentanol/ 7.5% n-Butanol  / 85% diesel fuel blend , 

10% n-pentanol/ 10% n-Butanol  / 95% diesel fuel blend is evaluated with 

an IKA C-200 calorimeter and its value is shown in Table No.2.  

 

 

Fuel 

propert

ies / 

Blends 

Diesel 

2.5% n 

Pentanol 

2.5 % n-

Butanol 

95 % Diesel 

5% n-

Pentanol 

5 % n-

Butanol 

90 % 

Diesel 

7.5% n-

Pentanol 

7.5 % n-

Butanol 

85 % 

Diesel 

10% n-

Pentanol 

10 % n-

Butanol 

80 % 

Diesel 

Calorif

ic 

Value 

(kJ/kg

K) 

43000 42100 41600 41150 39700 

 

Table 2 Calorific value of  different blends of  Diesel, n-Pentanol and n-Butanol 
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2 Experimental Setup   
 

The tests was conducted in a 1 cylinder, 4 stroke, water-cooled DI 

diesel engine, which is shown as schematic line diagram in Figure No. 1. 

The shaft power of the engine is 3.7 kW at 1550 revolution per minute. The 

engine had been serviced to its specifications without any error. The engine 

has an electric dynamometer, which measures  a maximum engine power 

and an accuracy of 1.44 kW at 100% of the engine speed.  The fuel is 

monitored by a positive-displacement type sensor with gear. The speed of 

the engine is measured by the digital tachometer, which measures 1500 

rpm.  

 

Figure 1 Schematic diagram of experimental set up 

3 Experimental Procedures 
 

Diesel fuel is filled in the fuel tank, which is mounted on panel. Power 

plug is connected to a 230V, single phase power source. Now , the speed 

sensor and thermocouples displays the corresponding readings in display 

meter and the presence of lubricating oil is checked.  Now the fuel valve is 

opened to ensure that there is no air trap in the fuel line.  An engine is 

started and allowed it to stabilized rated speed (1500 rpm).  Now load is  
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gradually  increased by varying the alternator current (0, 3, 6, 9, 12 and 15 

kg) and voltage (250 volts) through alternator. When load is at 0 kg, Now 

record the values i.e engine speed, engine load from the alternator,  Fuel 

consumption, air inflow amount, CO, CO2, HC, and NO emissions are  

noted. Load the engine for the remaining 3, 6, 9, 12 and 15 kg and 

performance, emission parameters are noted by repeating the same 

procedure. Experimental readings, which are all related to emissions are 

listed in table no 1. Again 5%, of n-butanol and n-pentanol is blended with 

diesel and by repeating the same procedure, the performance and the 

emission parameters are noted. Experimental readings are listed in table no 

2. Again for blending ratio of n-Butanol and n-Pentanol by 2.5% & 2.5%, 

5% & 5%, 7.5% & 7.5% and 10% & 10% respectively with diesel  are 

fueled to Di engine and performance & emission parameters are noted. 

 

4 Results and Discussion  
 
4.1 Engine Performance  
 

According to the speed of the engine, engine load, measured fuel 

consumption rate and heating value, BSFC and BTE are calculated. In 

general, when engine load increases BSFC decreases but its value start to 

increases at 20% of mixing of n-pentanol and n-butanol with diesel, refer 

figure 2 for the proof.  Li et al. [7] and Cheung [8] reported similar BSFC 

results  in their work and says that at 24% ethanol  blending in diesel fuel 

shows a similar  result. Reasons for the same are, increase in oil 

temperature leads to loss in lubrication property and low amount of excess 

air leads to decrease in combustion properties, also it leads to the increase 

in BSFC which is shown in figure No.3. Further BSFC increases at all five 

loads, with increasing n-pentanol / n-butanol.  
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Figure 2   Load Vs Brake specific fuel consumption 

 

 

                                                          Figure 3     Different blends Vs BSFC 
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Figure 4   Load Vs Brake thermal efficiency 

 

Figure 5   Different blends Vs BTE 
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As to mention about Brake Thermal efficiency, increases during 

variation of engine load as brake power from 0 to 3.5 kW and it decreases 

vice versa which is shown in Figure No. 4 & 5. There is some variation in 

Brake Thermal efficiency at higher engine load, by increasing volume of 

the n-pentanol / n-butanol than neat diesel [9-11].  

 

4.2 Engine Emission  

 

Figure 6    Percentage of Load Vs CO Emission    

Carbon monoxide emissions start to increase with increasing n-pentanol 

/ n-butanol, which is shown in figure no 6 & 7. However, a small decrease 

in CO emissions are identified using cetane number improver. n-pentanol / 

n-butanol’s lower cetane number effects on CO emissions and it leads to 

increase of same emission. [12-15] CO emissions at variable load tends to 

increase in CO for diesel fuel as well. However, n-pentanol / n-butanol 

presence provides higher value of local O2 concentration, which effects on 

CO emissions reductions. 
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Figure 7  Load Vs CO Emissions 

 

n-pentanol / n-butanol addition rises NOx emissions as well. Basically, 

with increases in engine load, NOx emissions are increased for all blends of 

n-pentanol / n-butanol /diesel also for diesel fuel. Due to variation in engine 

load, the in-cylinder air / gas temperature increases. Thus it increases NOx 

emissions. Nitrous oxide emissions of / n-butanol / n-pentanol /diesel 

shows no measurable difference at 0 - 1kW load. Moreover engine brake 

power start to increases at higher percentage blends of n-pentanol / n-

butanol. [16-19] 

Several factors, which are accelerate the NOx formation in engine is 

alcohols / diesel fuel blends. Lower ceteane number directly affects ignition 

delay period and comparing alcohols with diesel, up to n-pentanol and n-

butanol, owns higher latent heat of vaporization, hence with addition of 

alcohols, in-cylinder gas temperature is reduced.These above said factors 

counteract each other on, when load of the engine is low, while the increase 

in ignition delay happens due to increasing n-pentanol / n-butanol, which 

also leads to increase in NOx emissions at high load of the engine [20-27].  
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Figure 8 Percentages of Load Vs NO Emission                                     

 

Figure 9 Percentage of Load Vs HC Emission 

Fig. 8&9 explains that increasing n-pentanol / n-butanol addition with 

diesel fuel leads to increase in HC emissions except 5% of n-pentanol / n-

butanol blends with diesel. At a given engine load it produces higher HC 

emissions when 20% n-pentanol / n-butanol in the blended fuel is used. The 

latent heat of evaporation of used blend is higher, because of heat of 

vaporization influence on HC emissions. Blends used as fuel posses lower 

cetane number, thus it more time to ignite the fuel. Fuel takes more time to  



 

 

                                                                                  

 

 

 

 

71  Prakash K B
  
et al 

 

vaporize, which results lean outer flame zone and its effects on HC 

emissions [28-30]. 

 
 

5 Conclusion 
  

Investigating the influence of n-butanol and n-pentanol blends with 

diesel in engine and to enhance the performance and emission 

characteristics is the primary aim of this work. n-butanol and n-pentanol 

blends with diesel as 2.5% & 2.5%, 5% & 5%, 7.5% & 7.5% and 10% & 

10% by volume percentage with diesel and same used as fuel to investigate 

the engine performance and engine emission characteristics at different 

steady engine loads. It results that, 

The n-pentanol and n-butanol is mixed up well with diesel fuel up to 

20% by its volume and no needs of solvents. n-pentanol and n-butanol used 

in CI engine without any further required modifications. BSFC increases 

with an increased blend percentage of fuel due to its low heat value. 

HC and CO emissions rise with different blends at low and part load 

engine. NOx emissions is increased in diesel engine emission at higher load 

of the engine because of chilling effect on the O2 content in used blended 

fuel and no NOx emissions differences are noted at the low part load 

engine. At same time, formation of NOx at higher engine load. 

Based on this study, 2.5% n-pentanol / 2.5 % n-butanol 95% diesel fuel 

blend can be used as fuel to reduce emissions from the CI engine and to 

increase its performance. 
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