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ABSTRACT 

The need for alternative fuels and biodiesels arose because of increased awareness of environmental degradation, the 
depletion of petroleum resources, and an increase in the cost of petroleum resources. To test the possibility of blending into diesel, 
nitromethane and methanol biofuels are mixed with diesel. The experiment was conducted by utilizing diesel-nitromethane-methanol 
mixtures in a premixed charged combustion engine (PCCI) to identify best injection timing for good performance, combustion, and 
emission. The PCCI engine has a unique combustion approach that reduces NOx and smoke from the exhaust while simultaneously 
improving engine performance. To achieve the PCCI engine, we adjust the intake fuel injection timings. Here we changing injection 
timing of engine is 230, 250, 270, and 210 CA before TDC(bTDC).The best results were obtained with the blend D90-N.M2.5-M7.5 
(diesel 95%, nitromethane 5%, methanol 7.5%) and fuel injection timing before Top Dead Center (bTDC) 210.When compared to a 
diesel engine, the 210 CA bTDC injection timing improved the engine's performance in terms of brake thermal efficiency by 1.88 
percent, brake specific fuel consumption by 3.33%, and emissions, with a nearly 37% reduction in NOx without adding Exhaust Gas 
Recirculation (EGR) and also 11.5% reduction in opacity. The decrease in ignition delay resulted in a nearly 9% rise in hydrocarbons 
(HC). 
 
Keywords: Petroleum Resources, Nitromethane, Methanol, Performance, Reduction. 
 
INTRODUCTION 

Increased emissions from automotive engines will have an impact on global air pollution. Many researchers are working on 
several ways to lower engine emissions while also improving the engine's thermal efficiency. Alternative fuels and novel combustion 
techniques are effective ways to improve in thermal efficiency and lowering emissions. 

 
PCCI ENGINE 
              PCCI method of operation, fuel can be provided into the combustion space by different methods like port fuel injection, direct 
ignition, or delayed direct ignition. The homogenous and partial homogeneous mixture is occurring to due to ignition delay, and the 
area of the over-rich combination can be segregated before ignition. Toyota's Hiromichi Yanagihara [5] is now an early direct-
injection engine with an injection timing of around 500CA bTDC, and the PCCI concept is a largely homogenous charged 
compression ignition approach. Reduce the engine's fuel wall moisture while maintaining the engine's extremely low NOx and 
particulate matter (PM) emissions. However, when compared to a diesel engine, the reported rise in UHC and CO is quite 
considerable, reaching approximately 5000 ppm. Hasegawa et al. [6] created a dual injection strategy method to reduce UHC and CO 
emissions from the exhaust. Half of the fuel was injected in the second injection at 130 CA bTDC. Hare noted a decrease in UHC 
emissions from 5000 to 2000 parts per million, as well as a decrease in CO emissions from 8000 to 2000 parts per million. However, 
only half-loading situations were suitable for this method. Takada et al. [7] used a two-stage direct fuel injection system with varying 
injection pressures. Three fuel injectors are used in this setup: one in the centre of the cylinder head and two on either side of the 
cylinder. The injection pressure is 150 MPa in the centre and 250 MPa on the sides, and the fuel quantity is independent of each 
injector. The side injectors are injected at 800CA bTDC with low wall wetness, while the centre injectors are injected at 400CA 
bTDC, resulting in extremely low NOx and a significant rise in UHC emissions from the engine's exhaust, as well as an increase in 
fuel consumption. The effect of the nozzle spray cone angle on the fuel injector on the PCCI engine was researched by Kim M Y [8], 
who found that when one injector cone angle is 1560 and another injector cone angle is 600, the thermal efficiency is reduced, and the 
NOx is reduced compared to diesel engines. Nissan Motors created the modified kinetics combustion system, which is the most 
effective PCCI engine together with in-cylinder late on injection close to the Top Dead Centre (TDC). Kalghatgi et al. [9] investigated 
the four fuel ratios from gasoline to diesel using the Nissan MK type combustion technique. 
 
LOW CARBON FUELS  

Low-carbon fuels are the newest alternative fuel trend in automobile industries. The main benefit of low-carbon fuels is that 
they emit less CO and CO2 through their exhaust. For example, currently utilized fuels such as diesel and petroleum have many carbon 
atoms. For example, the range of convectional diesel is C12H23, and we found 12 carbon atoms in the diesel and low carbon fuels, such 
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as methanol (CH3OH) and nitromethane (CH3NO2), have only one carbon atom and one oxygen atom, to improve the combustion and 
performance parameters. And in this case, we're mixing nitromethane and methanol with diesel. 

 
Nitromethane 

According to Moghaddam et al. [10], while Nitromethane (CH3NO2) is a monopropellant, Nitro paraffin compounds (e.g., 
Nitro Methane (NM), Nitro Ethane (NE), and others) are oxygenated additives. Because of the high oxygen substance in their 
molecular formation, nitromethane is believed to be an oxygenated additive, which can develop combustion types such as flash point 
and Fayyazbakhsh et al. According to al [11], adding nitromethane to diesel enhances the cetane number (CN). OMMI et al. et al. [12] 
reported a 30% reduction in soot particle size when nitromethane was added to diesel and ethanol, as well as an increase in cetane 
number when the blend was nitromethane-enriched. Khalife and colleagues were The D90-NM2.5-M7.5 combustion properties, 
together with injection timing of 270 CA bTDC, had a higher peak pressure and heat release rate than the other blends’ content, and 
high latent Nitromethane is regarded as an oxygenated addition because of the high oxygen concentration in its molecular structure, 
which may increase ignition quality, such as flash point and Fayyazbakhsh et al. According to al [11], using nitromethane to fuel 
diesel increases the cetane number. (CN). When nitromethane was introduced to diesel and ethanol, OMMI et al. observed a slight 
reduction in smog particle size, but also an increase in cetane number when such a blend was nitromethane-enriched. Heat, 
nitromethane, and methanol have superior combustion characteristics. 

 
Methanol 

Methanol (CH3OH) is an alcoholic fuel that's also primarily used to boost the performance and emissions of diesel and 
gasoline engines. Huang et al. [14] combined methanol with diesel to increase the rate of heat release in the premixed combustion 
stage, improve performance factors such as brake thermal efficiency and brake specific energy consumption, and reduce pollution 
levels. According to Yao et al. [15], methanol has a good potential to reduce soot and NOx due to its elevated oxygen levels and 
improved latent heat of evaporation. According to Chandan Kumar et al. [16], we found various compression ratios by employing 
diesel-methanol and nitromethane mixes to identify the optimal blend and compression ratio. The best combination is D90-M5-
N.M2.5, which improves brake thermal efficiency by 3.8 percent while lowering brake-specific fuel consumption by 3.4 percent. In 
terms of emissions, HC emissions have decreased by 61%, while CO emissions have decreased by 16%. 

 
FUEL PREPARATION AND PROPERTIES  
Fuel preparation  

Diesel-nitromethane-methanol blends are prepared using varying ratios of diesel, nitromethane, and methanol, such as D 80-
N.M 10-M 10, D 90-N.M 5-M 5, D 85-N.M 5-M 10, and D90-2.5 NM-0.75 M. First, pour diesel into a glass beaker according to the 
mix ratio, then add methanol to the diesel drop by drop using a pipette while stirring the solution simultaneously, and then add 
nitromethane in the same manner as methanol. Following that, we saw fuel separation in the layer shape indicated in fig 1. In the fuel 
composition, there is no settlement of the blend after 4 days. After 4 days at room temperature, only one blend, D90-N.M2.5-M7.5, 
was observed mixing into diesel; the remaining blends were not mixed into diesel, therefore we chose one blend for the experiment. 

                                                              
         Fig.1 blend at beginning                                                       fig.2 blend after 4 days  
 
After the preparation is over, we need to calculate the properties of fuel by using different laboratory equipment that is  

Properties   Experimental equipment 
Density                           Weighing scale  
Kinematic viscosity  Redwood viscus meter 
Calorific value  Bomb calorimeter 
Flashpoint  Cleveland’s open cup apparatus 
Fire point  Cleveland’s open cup apparatus 
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Fuel properties  
Blend  Diesel  D-NM2.5-M7.5 
% Diesel  100 90 
% Nitromethane  0 2.5 
% Methanol 0 7.5 
 at 40°C, kinematic viscosity 2.5  2.25 
flash point (c⸰) 52 30 
fire point (c⸰)  176 52 
(kg/m3) Density 830 832 
Calorific value in kilograms (kJ/kg) 42,500 41,863 

 
EXPERIMENTAL SETUP  

In this arrangement, a single-cylinder 4-stroke Kirloskar diesel engine is connected to an eddy current dynamometer used for 
loading. It comes with all the required tools to measure ignition rate and crank angle. Such signals relate to the software via an engine 
indication in PPV diagrams. Airflow, fuel flow, temperature, and load measurement can all be interfaced. An airbox, fuel tank, a 
manometer, fuel gauging apparatus, and transmissions for varying air and fuel flow rates are all part of the arrangement. A process 
indicator, and an engine indicator. Rotameters are used to measure the flow of cooling water and calorimeter water. This setup can be 
used to investigate B.P, I.P, F.P, BMEP, IMEP, BTE, ITE, Mechanical efficiency BSFC, A/F ratio. Engine Soft is a workshop view-
based engine performance analysis software product that may be evaluated online. 

 
The testing procedure and engine performance calculation  

Unpolluted diesel and D-N.M-M blends through an injection pressure of 230 bar and injection timing of 230, 250, 270, 210 CA 
bTDC remained tested on an engine with a continuous speed of 1500 rpm with a load changing from no load (0 kg) to full load (18 kg) 
with pure diesel and D-N.M-M blends with an injection pressure of 230 bar and injection timing of 230, 250, 270, 210 CA bTDC. For 
all blends, run the engine for a minimum of 30 minutes for each blend, with a time interval of 15-20 minutes among blends for engine 
cooling. Exhaust emissions (HC, CO2, CO, NOx) are checked using a gas analyzer, while exhaust smoke is found utilizing a smoke 
meter. 
 
 

 

Fig.3(a) Schematic representation of engine test rig Fig.3(b) overall view of the experimental setup 
 
RESULTS AND DISCUSSION 
Performance results  
Brake specific Fuel Consumption 

BSFC refers to the amount of fuel consumed to produce output energy. From that graph we observed different injection 
timing and here best injection timing and best blend is   D-90-NM2.5-M7.5 blend with 210CA bTDC produces lower BSFC than 
diesel engines.  
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Fig.4: BP vs BSFC 
 
Brake thermal efficiency 

The efficiency with which the chemical energy of the fuel input is turned into mechanical output is referred to as brake 
thermal efficiency. If you look at the graph, you can see how the variation in brake thermal efficiency changes as the load or braking 
power increases. And you saw how changing injection time affects brake thermal efficiency, and we found that D90-NM2.5-M7.5 at 
210 CA bTDC is the best when compared to the diesel blend. The thermal efficiency has increased by 1.8%. To ensure complete fuel 
combustion, add nitromethane and methanol to the diesel to boost the oxygen concentration. 
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Fig.5 B. P vs Brake thermal Efficiency  
  
EMISSION RESULTS  
Hydrocarbons 

Unburned fuel from the engine resulted in the formation of hydrocarbons unburned fuel occurs from incomplete combustion 
in the combustion chamber. Incomplete combustion is one of the engine's flaws. As a result of those two hydrocarbon releases, the 
main causes of incomplete combustion are a shortage of oxygen in the mixture, ignition latency, and ignition propagation. 
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We experimented with 0 to full load circumstances and measured exhaust emissions from the engine using diesel fuel and a 
mix (D90-NM2.5-M7.5) with various injection timings (230, 250, 270, and 210 CA bTDC). We also noticed an increase in 
hydrocarbons due to the ignition delay in the exhaust emissions from the graph injection time of fuel before the traditional diesel 
engine, such as 230, 250, and 270. And we discovered that diesel produces fewer hydrocarbons than all other fuels. 
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Fig.8: B. P Vs HC 
 
Carbon Monoxide 

CO is created during combustion because of incomplete combustion of exhaust emissions and because of the engine's 
improper injection timing. From the graph, we can see that diesel has minimal emissions and that the mix of D90-NM2.5-M7.5 at 210 
CA bTDC has good combustion in the cylinder. CO2 emissions are the same in both cases. 
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Fig.9 B. P Vs CO 
 
Nitrogen oxides  

Because of the high temperatures in the combustion chamber, nitrogen oxide (NOX) is a harmful emission. Nitrogen in the air 
is the primary source of NOX emissions. Nitrogen in the diatomic molecule is stable at low temperatures, but as the temperature rises, 
the diatomic nitrogen becomes unstable and breaks down into monoatomic nitrogen, which then combines with oxygen in the air to 
generate Nitrogen Oxides (NOX) in exhaust emissions. The consequences of nitrogen oxides can be seen in the graph. The amount of 
NOX produced was lowered because of the ignition delay. We can see from the graph that the D90-NM2.5-M7.5 mix utilized at 210 
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CA bTDC produces the greatest blend of all. Without employing exhaust gas recirculation, D90-NM2.5-M7.5 produces fewer NOX 
emissions, which is roughly a 37% reduction (EGR). 
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Fig.10 B. P vs NOX   
 
Smoke (opacity) 

The fraction of incident light that is scattered or observed by the smoke is known as opacity. The amount of smoke passing 
through the smoke meter varies from 0 to 100% loading, and the values of smoke are displayed in percent. The graph blend at low 
smoke produced at injection timing of 210 CA bTDC shows the engine's opacity when compared to all blends and injection timing. 
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Fig.11 B P vs Smoke (Opacity %)  
 
CONCLUSION 

A 4-stroke single-cylinder Kirloskar diesel engine was used in an experiment to evaluate the performance, combustion, and 
emission characteristics of a PCCI engine. An engine with variable injection timings was used in the experiment. (230, 250, 270, and 
210) and a diesel-nitromethane-methanol blend with a constant injection pressure of 230 bar versus a diesel blend with a constant 
injection pressure of 230 bar. 

 
We chose D90-NM2.5-M7.5 as a consistent blend and evaluated varied injection timings in that experimental investigation 

because it was the sole blend combined in the diesel. n210 CA bTDC had the best injection timing compared to all injection timing.  
We noticed a 1.88 percent gain in brake thermal efficiency and a 3.33 percent drop in brake-specific fuel consumption when we 
employed the mix D90-NM2.5-M-7.5 along with injection timing of 210 CA bTDC. When compared to diesel engines, we noticed a 



 
Cover Page 

  

  
 
DOI: http://ijmer.in.doi./2022/11.03.39  

            

 

ISSN:2277-7881; IMPACT FACTOR :7.816(2022); IC VALUE:5.16; ISI VALUE:2.286 
Peer Reviewed and Refereed Journal: VOLUME:11, ISSUE:3(2), March: 2022 

Online Copy of Article Publication Available (2022 Issues): www.ijmer.in 
Digital Certificate of Publication: http://ijmer.in/pdf/e-Certificate%20of%20Publication-IJMER.pdf 

Scopus Review ID: A2B96D3ACF3FEA2A 
Article Received: 2nd March 2022   
 Publication Date:10th April 2022 

Publisher: Sucharitha Publication, India 

 

 
123 

 

37% reduction in NOX and an 11.5 percent reduction in opacity in emission characteristics. Without using EGR, reduce NOX 
emissions from the exhaust by 37%.  
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