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NOMENCLATURE 
°CA crank angle degree        JBD Jatropha biodiesel 
BSFC brake specific fuel consumption        BTE brake thermal efficiency 
CO carbon monoxide CO2 carbon dioxide 
CN cetane number DME dimethyl ether 
DI direct injection EGT exhaust gas temperature 
KOH potassium methoxide MXEE methoxide ethyl ether 
NaOH sodium hydroxide NOX nitrogen oxides 
PM particulate matter ROHR rate of heat release 
RTDs resistance temperature detectors CI compression ignition 
ID ignition delay NE nitro ethane 
NDIR non-dispersive infrared        γ specific heat ratio        
BDE biodiesel dimethyl ether 
B10 10% Jatropha biodiesel + 90% diesel 
B20 20% Jatropha biodiesel + 80% diesel 
B10NM1 10% Jatropha biodiesel + 1% nitromethane + 89% diesel 
B10NM3 10% Jatropha biodiesel + 3% nitromethane + 87% diesel 
B20NM1 20% Jatropha biodiesel + 1% nitromethane + 79% diesel 
B20NM3 20% Jatropha biodiesel + 3% nitromethane + 77% diesel 

INTRODUCTION 
Internal combustion engines have been used extensively to fulfil society’s needs for power and transportation [1]. 

However, the number of vehicles and further fuel demands are increasing every day. Therefore, many countries trying to 
develop alternative fuel technology for their vehicles. These days, diesel engines are using in the automotive area, 
passenger cars as well as heavy-duty, owing to the better fuel economy. However, there are two major challenges possess 
the use of diesel engines; fossil fuel sustainability and the environmental concern on engine emissions. However, 
diminishing and unreliable petroleum reserves and deteriorating environment have made scientists seek alternative fuels 
for diesel.  

Since the last decades, researchers around the world have been trying to find new alternative fuels that are available 
and environmentally acceptable [2]. One of the promising alternative fuels considered for diesel engines is biodiesel [3]. 
Biodiesel is renewable as well as environmentally friendly fuel. It has similar properties to diesel fuel. Addition of fuel 
additive is one of the possible approaches for reducing the high viscosity problem of biodiesels. The oxygen concentration 

ABSTRACT – The experimental work reported has been carried out in two parts; Jatropha 
biodiesel production and engine test. The engine test has been carried out on a direct injection, 
single-cylinder, water-cooled stationary diesel engine. Several diesel fuel blends which contain 
10% and 20% by volume of JBD and 1% and 3% nitromethane were prepared. The effects of these 
blends on the combustion, performance, and emission characteristics of diesel engine were 
studied. The tests were performed under constant speed and varying load conditions without 
altering injection timing. A maximum increase of 11.73%, 3.2 % and 7.68 % in the brake thermal 
efficiency, the brake specific fuel consumption and exhaust gas temperature were achieved 
respectively for 20% Jatropha biodiesel and 3% nitromethane at full engine load. Compared to the 
pure diesel operation, the peak in-cylinder pressure of blended fuels was lower at the full load 
conditions. Also, the maximum net heat release rate of blended fuels was lower than that of diesel 
at all loading conditions. In regards to the engine emissions, the results showed that the blended 
fuels reduced carbon monoxide at 18.6–28.9% and unburned hydrocarbon of 7.5-24.2%, while 
increased the emission of nitrogen oxides at 6.9–14.3% and carbon dioxide at 4.3-10.5%. 
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in the combustion chamber can be increased by adding oxygenates to the diesel fuel. Oxygenates like propanol, butanol, 
pentanol, methoxide ethanol, ethoxy ethanol, diethyl ether, butoxy ethanol dibutyl ether and nitromethane are widely 
used. Out of all oxygenated additives, nitromethane (NM) has some promising properties.  

A number of experimental investigations have been reported with a wide variety of oxygenating additives and 
biodiesel fuels to improve fuel properties, engine performance, and reduce emissions. Till today, several biodiesel fuels 
for compression ignition (CI) engines have been investigated. Most investigations show that the use of biodiesel results 
in lower emissions (except NOx) and better combustion [4]. Increasing brake specific fuel consumption (BSFC) and brake 
thermal efficiency (BTE) using biodiesel in diesel engines have been reported [5-9], and a decrease of BTE [10, 11]. 
Also, studies show that CO, HC and PM emissions and exhaust smoke of the engine fueled with biodiesel-diesel blend 
are lower than that of diesel [5, 7, 8]. Despite the fact that the majority of harmful emissions are mitigated when using 
biodiesel compared to petroleum diesel, but NOX emissions were found higher for biodiesel in many studies [12-14]. 
Gillani et al. [15] studied the engine performance, combustion, and diesel engine emissions fueled with diesel, Jatropha 
biodiesel (JBD), Jatropha-butanol blended fuel and Jatropha biodiesel with fumigated butanol. The pure JBD showed a 
5% reduction in BTE and a 17% increase in BSFC compared to pure diesel combustion. Jatropha-butanol blended fuel 
showed better efficiency compared to pure Jatropha (by 2%). Emissions of NOX and UHC reduced when pure Jatropha 
was used compared to diesel fuel. 

Rathore et al. [16] experimentally investigated the performance characteristics of CI engines fueled with diesel, JBD 
and coconut biodiesel. The diesel blends (B20 – B50) were tested at the fixed compression ratio. They reported that BSFC 
of diesel fuel was lower than blended fuels while BTE was higher. At all loads, the BSFC and BTE of Jatropha blends 
reveal the least and greatest among all the blends. Ali and Rind [17] studied Neem and Jatropha blended biodiesel in the 
CI engine. They reported that CO emission of 10% Neem biodiesel (NB10) was the least, followed by 10% Jatropha 
biodiesel (JB10), compared to pure diesel. Their overall results showed that the engine performance and emission 
characteristic of NB10 was better compared to other biodiesel blends. 

Several researchers investigated the effect of different oxygenated additives (2 ethoxy ethyl acetate, diethyl ether, 
diphenyl ether, diethelene glycol dimethyl ether and nitromethane) on diesel fuel. Various results of improvement in 
diesel properties have been obtained by using different additives. Similarly, oxygenate additives were used by different 
researchers to improve the performance and emissions of diesel engines. Loganathan et al. [18] used dimethyl ether 
(DME) as an additive to enhance combustion characteristics. They experimentally determined the effect of dimethyl ether 
(DME) with Jatropha biodiesel in a diesel engine. Jatropha biodiesel dimethyl ether (BDE) blends showed better 
performance and emission characteristics compared to neat Jatropha biodiesel. The biodiesel 95% and dimethyl ether 5% 
(BDE5), dimethyl ether 10% (BDE10) and dimethyl ether 15% (BDE15) were tested in a single-cylinder, direct injection 
diesel engine. The UHC emissions for the blends were found to be lower than that of the neat jatropha biodiesel. The 
reduction in UHC was in the order of 42%, 36% and 26% for BDE5, BDE10 and BDE15, respectively. A similar trend 
was observed for CO and NOX as well.  

Moghaddam and Moghaddam [19] experimentally studied the effect of NM and nitro ethane (NE) as additives on 
combustion, performance and emission of diesel fuel. The experiment was performed on a water-cooled four cylinders 
DI diesel engine. They reported that the addition of NM and NE in diesel fuel increased the BTE and reduced exhaust 
smoke. An average of 35.7% and 16.2% smoke generation mitigation were achieved by 10% addition of NE and NM, 
respectively. The current research deals briefly with the production of JBD from Indian Jatropha curcas oil. The 
combustion characteristics, engine performance and emissions of the diesel engine using diesel-biodiesel-NM with 
different ratios were studied. The combustion characteristics (cylinder pressure, ROHR), performance (BSFC, BTE, 
EGT) and emissions (CO, CO2, NOx and UHC) have been studied at a constant speed and varying load conditions without 
altering the injection times. 

MATERIALS AND METHODS 
Biodiesel Production and Test Fuels 

Biodiesel is simply a liquid fuel derived from vegetable oils and fats, which has similar combustion properties to 
regular petroleum diesel fuel. The most commonly used method for the production of biodiesel is transesterification. 
Several works on the production of biodiesel by transesterification have been performed and revealed that 
transesterification is a promising method for fuel production [20-22]. The transesterification process is the reaction of a 
triglyceride (fat/oil) with an alcohol (like methanol or ethanol) in the presence of a catalyst (typically a strong base such 
as sodium hydroxide (NaOH) or potassium hydroxide (KOH) to form esters and glycerol [23]. If methanol was used in 
the chemical reaction, methyl esters are formed, but if ethanol was used, then ethyl esters are formed. In this study the 
biodiesel production experiment was conducted using a beaker as the reactor. In the first step, Jatropha oil was filtered to 
remove impurities. Then, the raw oil was heated up to 110 °C in order to remove the water content of oil; to avoid soap 
formation. This oil was allowed to cool up to 55 °C. Methanol and KOH were mixed to form potassium methoxide. A 
molar ratio of 6:1 is normally used in industrial processes to obtain methyl ester yields higher than 98% by weight because 
a lower molar ratio required more reaction time. So, methanol with a molar ratio of (6:1) and 1% KOH by weight of oil 
were mixed and stirred until KOH dissolved into methanol. Then Jatropha oil was added to the mixture of methanol and 
KOH (potassium methoxide). The whole mixture was stirred for 1 hour with the help of a magnetic stirrer at 60 °C 
(because the methanol boiling point is at 65 °C) during the transesterification process. The mixture was then allowed to 
settle. The glycerin phase is much denser than the biodiesel phase; therefore it settled down at the bottom. It took more 



A.V. Berenjestanaki and D. Husain│ International Journal of Automotive and Mechanical Engineering │ Vol. 18, Issue 3 (2021) 

8988   journal.ump.edu.my/ijame ◄ 

than an hour. After separation, methyl ester (biodiesel) contains only KOH in the form of impurity. KOH is harmful to 
diesel engines; therefore, it must be separated from biodiesel. The water washing process was used for removing KOH 
from biodiesel. Water (at 55 °C) mixed into separated methyl ester and left for settling down. KOH dissolved in water 
and separated from biodiesel. Excess water is removed by heating the biodiesel up to 120 °C. Finally, Jatropha methyl 
ester formed as a light yellow liquid. Different fuel mixture has been tested and compared with baseline diesel in this 
study: 10% JBD-diesel (B10), 10% JBD- 1% NM-diesel (B10NM1), 10% JBD- 3% NM-diesel (B10NM3), 20% JBD-
diesel (B20), 20% JBD- 1% NM-diesel (B20NM1) and 20% JBD- 3% NM-diesel (B20NM3). The major properties of 
the tested fuels are listed in Table 1 [19, 24- 26]. 

Table 1. Properties of the diesel, JBD and NM. 

Properties Biodiesel test method Limits  Diesel ASTM D975 Diesel JBD NM 
Lower heating value (MJ/kg) - - - 4242 38.2 11.4 
Density (kgm-3) at 15 °C ISO 3675/P32 860~900 ~835 830 880 1138 
Cetane number ISO 5156/P9 51 min 40-55 49 51 - 
Acid value (mg KOH/g) EN14104/P1 0.5 max - - 0.42 - 
Viscosity (mm2s-1)  ISO3104/P25 2.5~6.0 1.3-4.1 2.45 4.62 4.1 
Flash point (°C) ISO3679/P21 120 min 60-80 75 185 34 
Cloud point (°C) D2500 -3~12 -15~5 -15 1 -25 
Pour point (°C) ISO 3016 -15~10 -35~-15 -20 -2 -28.6 
Iodin value (g I/100g) EN14111 120 max - - 117 - 

 
The test was performed on a single-cylinder four-stroke water-cooled direct injection stationary diesel engine. The 

schematic diagram of the experimental setup and engine specifications are shown in Figure 1 and Table 2. The engine 
had a bore and stroke of 87.5 and 110 mm, respectively, with a displacement volume of 661 cc and a compression ratio 
of 17.5:1. In-cylinder pressure was measured by using a piezoelectric type pressure transducer mounted on the cylinder 
head. A thermocouple type temperature sensor was used to measure the exhaust gas temperature. The five gas analyser 
(AIRSON OM – 1100) based on a single beam non-dispersive infrared (NDIR) measurement technology was used for 
emission measurement.  

 

 
Figure 1. Schematic diagram of the experimental setup. 

Table 2. Engine specifications. 
Manufacturer KIRLOSKAR AVL 
Type vertical, four-stroke diesel 
Number of cylinder One 
Bore 87.5 mm 
Stroke 110 mm 
Displacement Volume 661 cc 
Compression Ratio 17.5 : 1 
Maximum Power 5.2 kW 
Mode of injection DI 
Speed 1500 rpm 
Dynamometer Eddy current dynamometer 
Cooling system water 
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The engine was operated with pure diesel and continued to run for 5 minutes at a no-load condition and constant speed 
to warm up and attain steady-state conditions before the experiment was conducted. The engine was stabilised before data 
were measured. The test conditions were set for different loads. During the tests with blended fuels, the engine was started 
with pure diesel until it was warmed up, and then fuel was switched to various diesel-biodiesel blends. After completing 
the engine tests run with blended fuels, the engine was always switched back to diesel mode and the engine was allowed 
to run for a few minutes to clear fuel lines and stabilise. All measurements were repeated five times, and the average 
values are presented here.  

RESULTS AND DISCUSSION 
Diesel, JBD, NM and their blends were used separately as a fuel in this experimental investigation without any engine 

modifications. Initially, the engine was running with pure conventional diesel, and the engine’s operating characteristics 
were recorded as the baseline data. Subsequently, the engine was running using a blend of diesel- biodiesel with and 
without additive in varying concentrations. The time of injection and engine speed were set at 23° bTDC and 1500 rpm 
and kept the same during all tests. For all sets of observation, several parameters such as cylinder pressure, HRR, BTE, 
BSFC, EGT and engine emissions are plotted and discussed in the following sections. 

Engine Performance 
Brake specific fuel consumption 

Brake specific fuel consumption (BSFC) is a measure of how efficiently a given amount of fuel is converted into a 
specific amount of horsepower. Variations of BSFC with engine loads for all test fuels are shown in Figure 2 (a) and 2(b). 
It can be seen that the BSFC is higher at the lower engine loads and gradually decreases with an increase in load for all 
blended fuels [27-31]. This could be caused by increasing air pressure at higher loads [32]. Also, results showed that 
increasing the percentage of JBD and NM in blends result in increasing BSFC [33, 34]; as the BSFC was calculated on a 
weight basis, higher density of JBD and NM resulted in higher values for BSFC. More biodiesel fuel mass is delivering 
to the engine for the same power output because of the higher density of biodiesel compare to diesel fuel [35]. The higher 
BSFC of JBD and NM can also be explained by their lower heating values in comparison with diesel fuel [36]. It is also 
observed that diesel fuel had the highest fuel economy, whereby B20NM3 recorded the least fuel economy at all engine 
loads. Such behaviour has been reported by other researchers [37- 39]. The BSFC for B20NM3 was the highest among 
all the fuels tested (up to 3.2% at full engine load).  

 

  
(a) (b) 

Figure 2. BSFC vs Load for (a) B10 and (b) B20, with and without additives. 
Brake thermal efficiency  

Brake thermal efficiency (BTE) is defined as the break power of a heat engine as a function of the thermal input from 
the fuel. Figure 3(a) and 3(b) illustrate the change in the BTE as a function of load measured. The BTE of diesel is lower 
than those of blended fuels. A higher cetane number and higher oxygen content of blended fuels promote combustion, 
and these improve BTE. The BTE increased with an increase in load for all test fuels. This was achieved due to the 
reduction of heat loss at higher engine load [34]. Pure diesel recorded the lowest thermal efficiency at a higher engine 
load. However, differences became clearer at full engine load. All blends show slightly lower brake thermal efficiency at 
lower engine loads due to higher viscosity and poor atomisation, and unfavourable conditions in the cylinder. Higher 
thermal efficiency of blended fuels at higher loads may be explained as biodiesel and nitromethane contain high oxygen 
content, which results in better combustion in the engine [37, 39, 40- 42] and higher heat of evaporation for complete 
combustion [43]. At full load condition, the greatest BTE was achieved for B20NM3, which is 11.73% higher than that 
of diesel fuel. It is evident from the plots that the BTE increases with an increase in nitromethane concentration as well 
as biodiesel concentration for all engine loads. However, results from [27] and [29] show that the BTE of biodiesel blends 
is higher up to 30% biodiesel blend compared to pure diesel. But further increase shows gradual reduction of BTE for all 
blends.  
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(a) (b) 

Figure 3. BTE vs engine loads for (a) B10 and (b) B20, with and without additives. 

Exhaust gas temperature  

Figure 4 (a) and 4(b) show the variation of the exhaust gas temperature (EGT) with respect to engine loads. It is clear 
from plots that EGT increases with loads for all the fuel blends. This increase in EGT with loads is obvious from the 
simple fact that more amount of fuel is required in the engine to generate that extra power needed to take up the additional 
loading. The EGT of diesel fuel is lower than blends and it increases with an increase of JBD and NM concentration in 
blends at all loading conditions. This is because that combustion efficiency improves with an increase in biodiesel 
concentration. Generally, a lower EGT indicates better combustion and less heat loss, which means the heat generated 
from the combustion of fuel is efficiently converted to the work. However, the higher EGT of blends may be attributed 
to their higher oxygen content and cetane number, which promotes combustion and shorter ignition delay, respectively. 
The addition of NM in blended fuels further improves the combustion, resulting in higher exhaust temperature than pure 
diesel. An earlier burning in the case of biodiesel blends due to a shorter premixed combustion period (due to higher CN 
of biodiesel) results in higher EGT [11]. The lowest and highest values of EGT (712.5 ºC and 767 ºC) were recorded for 
diesel and B20NM3, respectively, at full load conditions.  

 

  
(a) (b) 

Figure 4. EGT vs Load for (a) B10 and (b) B20, with and without additives. 

Engine Emissions 
Carbon monoxide 

Generally, carbon monoxide (CO) emissions are affected by the fuel type, injection timing, injection pressure, engine 
load and engine speed [7]. Figure 5(a) and 5(b) depict the test results of CO emission for various engine loads and blends. 
The first observation that can be noticed is that the trend of CO emission from the engine using different fuels is similar 
to each other. The CO emission is low when the engine runs at low and medium loads but tends to be higher at high 
engine loads. Without load, the CO emission of the fuel blends is 1.6-15% higher than diesel fuel. It can be because mixed 
fuels with higher density, viscosity and molecular weight are responsible for poor atomisation at the low loads and hence 
the higher concentration of CO. Higher the engine load, the richer fuel-air mixture is burned, and thus more CO is 
produced [44]. At full engine load, the CO emission of all the test fuel blends is 18.6-28.9% lower than that of diesel. The 
main reason for the low CO concentration at high engine loads from the combustion of the blended fuels is the oxygen 
content of biodiesel and NM, which makes the combustion of blends more complete. The remarkable higher oxygen 
content of NM (52%) compare to diesel and biodiesel results in lower CO emission. The results for the CO emission are 
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consistent with most of the literature [37, 340, 41, 45]. At full load condition, the CO emission of B20NM3 is 28.91% 
lower than that of diesel which is highest of the all tested fuels.  

 

  
(a) (b) 

Figure 5. CO emission vs load for (a) B10 and (b) B20, with and without additives. 

Carbon dioxide  

The concentration changes of carbon dioxide (CO2) with respect to engine loads are illustrated in Figure 6(a) and 6(b). 
It can be observed that CO2 emissions increased with increased engine loads as well as biodiesel and additive 
concentrations in fuel blends. This is due to the burning of more amount of fuel at high load conditions and more efficient 
combustion of test fuels; because the JBD and NM contain more oxygen than pure diesel. Also, higher loads provide a 
better condition for combustion (in terms of temperature and pressure). In regards to CO- CO2 conversion mechanism, it 
can be explained that the higher oxygen content of JBD and NM can accelerate the reaction rate of the following CO2 
production mechanism (CO+O2=CO2+O) and resulted in more CO2 emissions. More amount of CO2 in exhaust emission 
is an indication of the complete combustion of fuel. At lower loads, test fuels show an insignificant difference in CO2 
levels compared to pure diesel, but at higher loads, these differences increase gradually. It is observed that B20NM3 blend 
produced higher CO2 emissions throughout all blends. The per cent changes (increase) in CO2 emissions at full-load 
operating conditions for B10 and B20NM3 were obtained 4.38% and 10.52%, which are the lowest and highest among 
all test fuels, respectively.  

 

  
(a) (b) 

Figure 6. CO2 emission vs load for (a) B10 and (b) B20, with and without additives. 

Unburnt hydrocarbon  

Hydrocarbon emission is an indicator of combustion efficiency. The variations of unburnt hydrocarbon (UHC) 
emission with loads for different fuels are illustrated in Figure 7(a) and 7(b). The UHC emission increases with increasing 
load, while UHC emission decreases with increasing JBD and NM percentages in the blends. This decline in UHC 
concentration may be due to the oxygen content in JBD and NM, which improves the quality of combustion. The UHC 
emission trend for blended fuels and diesel is almost the same when operating at different loads. However, at a high load, 
a greater amount of fuel is injected per cycle and this leads to making over-rich mixture in the local region, causing a 
significant increase in UHC emission. Also, high cylinder gas temperature can enhance the HC oxidation results in 
mitigation of UHC formation. Further, it can be seen that, UHC emission of blends is lower than that of diesel and 
decreases with increasing the proportion of JBD and NM in blends, especially at high load. It can be explained that the 
addition of biodiesel and NM into diesel improves the content of oxygen which enhances combustion. The main 
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components of biodiesel are fatty acid methyl ester. This causes complete combustion and UHC mitigation [46, 47]. The 
existence of oxygen in biodiesel and NM increases the combustion efficiency. The B20NM3 blend produced the lowest 
unburned fuel emission compared to all test fuels. At full load condition, the B20NM3 blend emitted 24.24% lower 
unburned fuel emission than that of diesel fuel.  

 

  
(a) (b) 

Figure7. UHC emission vs load for (a) B10 and (b) B20, with and without additives. 

Nitrogen oxides  

Figure 8(a) and 8(b) show the variations of nitrogen oxides (NOx) emissions in the exhaust with respect to engine 
loads. NOx formation increases as the load increases [23, 27], which is the result of higher combustion temperature due 
to higher engine load. Researchers have proposed that the oxygen content of biodiesel is an important factor in NOx 
formation because it increases the local temperature [12, 46]. Considering the NM oxidation mechanism (4CH3NO2+3O2 
=4CO2+6H2O+2N2), it can be seen that the NM oxidation reaction also produces nitrogen gas during the combustion, 
which increases NOx concentration in exhaust emission. It can be seen that the NOx emissions increased with the increase 
of the engine loads as well as concentrations of JBD and NM in blends [47-49]. In summary, the high combustion 
temperature (due to a higher load) and the oxygen content of JBD and NM are responsible for increased NOx formation. 
The NOx emissions of all fuel blends are 6.97-14.31% higher than that of pure diesel at full load. At full load condition, 
B20NM3 fuel blend recorded the highest change in NOx while B10 recorded the lowest, which are 14.31% and 6.97%, 
respectively.  

 

  
(a) (b) 

Figure 8. NOx emission vs load for (a) B10 and (b) B20, with and without additives. 

Combustion Characteristics 
Cylinder pressure and rate of heat release 

Combustion in diesel engines takes place in four distinct phases. The overall diesel combustion process described in 
Heywood [50] can be summarised here by identifying a typical heat-release-rate diagram of a direct injection engine with 
one injection per engine cycle, as shown in Figure 9. The variations of cylinder pressure with crank angle for diesel, 
blended diesel with and without additive are shown in Figure 10(a) and 10(b) at full load conditions. It is clear that the 
peak cylinder pressure decreases with the increase of JBD concentration, whereas it increases with the increase of NM 
concentration in the blends. This behaviour has been described in a similar study [40]. It is because the delay period for 
JBD and NM is shorter and the combustion begins a few degrees earlier compared to diesel, hence the earlier peaks for 
the blended fuels. However, the combustion process of all the blended fuels is similar, consisting of a phase of premixed 
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combustion followed by a phase of diffusion combustion. The premixed combustion phase is controlled by the ignition 
delay period, air-fuel mixture and spraying condition of the injected fuel. Therefore, the viscosity and volatility of the 
fuel have a very important role in increasing the atomisation rate and improving air-fuel mixing formation. Because of 
the high viscosity and low volatility of JBD and NM, blends obtained lower cylinder peak pressure with respect to pure 
diesel. The peak pressure values at full load condition for all test fuels were obtained from Figure 10(a) and 10(b) and are 
presented as a bar diagram in Figure 11. The percentage reduction in peak cylinder pressure at full load condition for 
B10NM3 is 1.92% which is the lowest, whereas for B20, it reaches 6.74%, which is the highest among all test fuels. This 
certainly shows the role of NM as an additive.  

 

 
Figure 9. Typical heat release rate diagram of direct injection engine identifying diesel combustion phases [50]. 

  
(a) (b) 

Figure 10. Cylinder pressure at full load for (a) B10 and (b) B20, with and without additives. 

 
Figure 11. Percentage reduction of peak cylinder pressure at full load with respect to diesel. 

A recognised method for analysing combustion characteristics of fuel in the combustion chamber is the heat release 
rate (HRR). The heat release rate (𝑑𝑑𝑑𝑑/𝑑𝑑𝑑𝑑) was calculated after rearranging and simplification in the form of Eq. (1), 
which was derived from the first law of thermodynamics [51].  
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dQ/dθ= 1
(γ-1) 

[γP dV
dθ

 + V  dP
dθ

] (1) 
                                                                                       
Where, γ is the ratio of specific heats, θ is the crank angle, P is cylinder gas pressure, and V is cylinder volume.  
Figure 12(a) and 12(b) show the variation of HRR at full engine load. In these plots, the maximum HRR of blended 

fuels is lower than that of diesel because of the shorter ignition delay and subsequently shorter premixed combustion 
phase for JBD and NM blends. Because of the shorter ignition delay, maximum HRR occurs earlier for fuel blends in 
comparison with pure diesel. A longer ignition delay of diesel fuel causes more rapid and higher pressure rise. However, 
the HRR during the diffusion combustion phase for test fuels is slightly higher than that of diesel. This can be due to the 
higher oxygen content of blends. Higher oxygen contents cause complete combustion of the fuel that is left over during 
the main combustion phase and continue to burn in the late combustion phase [7, 35, 37]. The percentage reduction in 
maximum HRR at full engine load condition for B10NM3 is 5.59% which is the lowest, and for B20 recorded at 16.05% 
which is the highest among all test fuels, as shown in Figure 13.  

 

 
(a) 

 

 
(b) 

Figure 12. HRR at full engine loads for (a) B10 and (b) B20, with and without additives. 

 
Figure 13. Percentage reduction in maximum HRR at full load with respect to diesel. 
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The current experimental work is presented to show the biodiesel production with transesterification method in 

laboratory scale and to investigate the combustion, performance and emission characteristics of diesel engine fueled with 
pure diesel, biodiesel derived from Indian Jatropha oil and NM as an additive to diesel-biodiesel blends. Experiments 
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were performed using a direct injection single cylinder diesel engine. Several blends were tested and compared with diesel 
fuel. The following key findings are drawn from results:  

i. Jatropha biodiesel with base catalysed transesterification method was prepared and tested in diesel engine. 
ii. The BSFC and EGT of blends were found to be increased by 1.24% to 6.58% and 4.18% to 7.68%, respectively 

as compared with pure diesel at different engine loads.  
iii. BTE was found to be increased by 3.25% to 11.73% with an increase in JBD and NM concentration in the fuel 

blends. Among the all fuel blends tested, B20NM3 had highest BSFC and EGT as well as BTE at full engine 
load. With an increase in engine load, the BSFC decreased, whereas BTE increased for all the fuels tested. 

iv. The CO and UHC emissions of the diesel engine when operated with fuel blends were mitigated by 18.6% to 
28.9% and 7.5% to 24.26% respectively as compared with pure diesel, whereas NOx and CO2 emissions 
increased by 6.9% to 14.3% and 4.3% to 10.5% , respectively. It was found that the engine load has not 
remarkable influence on CO and UHC emissions but considerable effect on NOx and CO2 emissions were 
observed. 

v. The peak cylinder pressure decreased with the increase of JBD concentration whereas it increased with the 
increase of NM concentration in the blends. Because of the high viscosity and low volatility of JBD and NM, 
blended fuels obtained lower cylinder peak pressure with respect to pure diesel. Also, JBD and NM addition 
caused the shorter ID and subsequently short premixed combustion phase resulted in lower and earlier maximum 
HRR. 

In the current investigation, it has confirmed that Jatropha oil may be used as resource to obtain biodiesel (in particular 
India). Transesterification is a promising method for the production of biodiesel in large scale. Based on the overall 
results, B20NM3 was found as a favorable fuel for diesel engine in this study. Based on the results of the engine tests, it 
has been established that the NM can be used as an effective additive and the JBD can be substituted for diesel without 
any modification of the engine. 
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