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Abstract:- Growing concerns surrounding the exhaustion of non-renewable energy reservoirs and the ecological 

repercussions of engine exhaust discharges have ignited a quest for alternative fuels within the automotive 

industry. Alcohol-based fuels have surfaced as a promising alternative to traditional fossil fuels, particularly in 

water-cooled Diesel (WCD) engines. In the context of this empirical inquiry, a single-cylinder, water-cooled 

diesel engine was propelled by various blends of diesel and alcohol (10%, 20%, 30%, and 50% by volume). The 

incorporation of alcohol into the diesel blend yields a lighter fuel, contributing to improved combustion quality 

and a reduction in carbon emissions. The experimental arrangement integrates indispensable instruments such as 

a smoke meter and an emission analyzer to quantify opacity and collect exhaust gas data. The adoption of alcohol 

blends exhibits a significant reduction in nitrogen oxides, carbon monoxide, and unburned hydrocarbon emissions. 

Blends of octanol and diesel manifest lower in-cylinder pressure, pressure rise rate, and heat release rate. 

Furthermore, an increase in the compression ratio is identified as a factor that enhances combustion characteristics. 
The outcomes of this investigation offer valuable insights into the potential benefits of alcohol-diesel blends, 

underscoring their capacity to enhance combustion efficiency and mitigate the environmental impact of water-

cooled Diesel engines.  
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1. Introduction 

The global challenge of fossil fuel limitations and environmental degradation due to harmful emissions affects 

both industrial and transportation sectors, heavily reliant on diesel-powered vehicles. Diesel's compatibility with 

alternative fuels offers environmental and economic advantages, yet stringent regulations addressing internal 

combustion engine emissions are in place due to environmental concerns [1]. To tackle these challenges, academia 

and businesses actively research and implement alternative and renewable fuel solutions. Diesel engines, 

notorious for producing more soot particles and nitrogen oxides, face the demanding Euro VI emission standards, 

challenging with mere engine design modifications. In this context, higher alcohols like butanol, pentanol, 

hexanol, and octanol display potential [2-8]. Both Alcohol and Biodiesel can serve as alternative fuels for diesel 

engines, and adding alcohol, as tested globally, proves promising to reduce emissions without compromising 

engine efficiency [8-15].  

Enhancing biodiesel performance and reducing exhaust emissions involves incorporating nanoparticles into 

biodiesel applications. Various nanoparticles, recognized for biodiesel additive capabilities, capture researchers' 

interest, prompting investigations into their thermo-physical characteristics, carbon emissions, fuel economy, 
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combustion qualities, brake-thermal efficiency, and engine performance [16-19]. Utilizing alternative fuels is a 

viable strategy to mitigate carbon emissions [20-24]. Fossil fuel combustion releases carbon stored underground 

into the atmosphere, whereas biofuels release carbon sourced from crops, contributing to decarbonization and 

pollution reduction. Alternative fuels also demonstrate a capacity to reduce non-carbon emissions, including nitric 

oxide, nitrogen dioxide, Sulphur dioxide, and other harmful gases in exhaust [25-26], crucial in industries like 

mining where toxic gases can accumulate more easily. Supporters of alternative fuels argue for their cleaner, more 

environmentally friendly nature compared to fossil fuels, emphasizing potential cost savings, health benefits, 

reduced air pollution, and decreased reliance on foreign energy sources. Additionally, apprehensions are raised 

about the impact of some alternative fuels, manufactured with crops, on agriculture. 

Octanol emerges as an optimal alternative to both gasoline and diesel engine fuels, boasting advantages such as a 

higher heating value, lower heat of vaporization, and production feasibility from various sources [27]. With 

superior thermophysical qualities compared to ethanol and methanol, higher viscosity, lower volatility, lower 

ignition temperature, and reduced corrosiveness, octanol stands out. Its production from renewable biomass 

enhances its appeal as a sustainable fuel, offering increased renewable percentages in fuel blends for improved 

energy security. Octanol's presence in alcohol fuel facilitates soot-free combustion. Long-chain alcohol, like 

octanol, proves more suitable for blending with diesel than short-chain alcohols due to higher energy content, 

stability, low corrosiveness, and lower miscibility in water. Heating values, flash point, and density closely align 

with diesel values [28-29]. Octanol isomers exhibit excellent solubility in diesel, simplifying blend preparation. 

The addition of octanol to diesel in blends enhances heat release rates, promotes combustion, and demonstrates 

excellent cold start performance. Incorporating exhaust gas recirculation (EGR) with Octanol-diesel blends 

achieves low-temperature combustion (LTC), reducing NOx and soot emissions with a slight impact on fuel 

economy [30-31]. 

Octanol, a colorless, slightly viscous liquid used as a defoaming or wetting agent, serves various industrial 

purposes. Its role as a solvent for protective coatings, waxes, oils, and a raw material for plasticizers underscores 

its versatility. Octanol, also known as octanol, is an organic compound with the molecular formula 

CH3(CH2)7OH. Many other isomers, generically known as octanols, exist. Octanol is manufactured for 

synthesizing esters used in perfumes. Esters of octanol, like octyl acetate, contribute to essential oils. Industrial 

production of octanol involves the oligomerization of ethylene using triethylaluminium, followed by oxidation of 

the alkyl aluminium products. 

Engine performance and exhaust gas emissions are closely dependent on fuel properties, including density, 

viscosity, calorific value, cetane number, flash point, and pour point, among others. Simulation results [32] 

indicate a greater ignition delay when increasing the amount of n-octanol in biodiesel blends, attributed to the 

substantial latent heat of n-octanol vaporization lowering the starting combustion temperature. This aids in 

reducing hazardous NOx pollutant production. The increased oxygen concentration in n-octanol benefits power 

output and reduces soot emissions during combustion. Widely accepted among researchers, the fuel adulteration 

method [33] achieves specific fuel properties in the pursuit of enhancing the performance of a diesel engine and 

controlling emissions without the need for engine modifications. This study investigates combustion parameters, 

performance metrics, and emission characteristics through the variation of compression ratio, load, and ignition 

timing in a water-cooled diesel engine. The analysis of emission and performance features of a Water-cooled 

Diesel (WCD) engine encompasses the utilization of diesel and varying proportions of alcohol-blend fuels (10%, 

20%, 30%, and 50% by volume). 

This study investigates combustion parameters, performance metrics, and emission characteristics through the 

variation of compression ratio, load, and ignition timing in a water-cooled diesel engine. The analysis of emission 

and performance features of a Water-cooled Diesel (WCD) engine encompasses the utilization of diesel and 

varying proportions of alcohol-blend fuels (10%, 20%, 30%, and 50% by volume). 
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2. Materials and Method 

 

2.1. Preparation of different blends of octanol and diesel 

 

Diesel fuel, also called diesel oil or historically heavy oil, is any liquid fuel specifically designed for use in a diesel 

engine, a type of internal combustion engine in which fuel ignition takes place without a spark as a result of 

compression of the inlet air and then injection of fuel. Therefore, diesel fuel needs good compression ignition 

characteristics. For the analysis, diesel was purchased from the nearest petrol pump, and its properties are 

enumerated below. By using different ASTM methods, the various properties of diesel and octanol were 

determined and presented in Table 1. 

Table 1: Properties of diesel and n-octanol 

Fuel n-Octanol Diesel 

Oxygen content (wt.%) 12.31 0 

Density (g/ml) 0.830 0.837 

Heating value (MJ/kg) 38.4 42.8 

Cetane number 37.5 52 

Flash point (°C) 81 82 

Viscosity @ 40 °C (mm2/s) 5.5 3.04 

Boiling point (°C) 195 193–357 

Lubricity (μm) 236 315 

Vaporization latent heat (kJ/kg) 562 270 

Solubility in water Immiscible Immiscible 

 

Based on 100% alternative, which contains 10% Octanol and 90% pure diesel is known as D90AO10(Diesel-

Octanol). The total amount of D90AO10 tested was 400ml of which 10%-40 ml of Octanol and 90%-360 ml of 

neat diesel. The borosilicate beaker is placed on the magnetic stirrer, and then about 360 ml of diesel is measured 

with the help of the borosilicate beaker measuring level. Then 40 ml of Octanol was added with the help of a test 

tube (5ml capacity). The Teflon magnet was placed on the borosilicate beaker and the power was switched on. 

The Teflon magnet starts rotating and creating a vortex flow in the beaker, which is suitable. The power is supplied 
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for up to 20-15 minutes to mix it properly and make a homogeneous mixture. The mixture was left after mixing 

for about 24 hours to check the stability and the mixture was found visually stable. In the same way, D80AO20, 

D70AO30, and D50AO50 were prepared. The process of creating the blend is illustrated in Figure 1. 

 

Figure 1: Making of Octanol-Diesel blending. 

 

2.2. Determination of fuel properties 

Before being used in diesel engines, the prepared blend of diesel and octanol must undergo testing to identify 

some of its properties, including calorific value, flash and fire point, viscosity, carbon residue, free fatty acid, pour 

point, cetane number, cloud point according to various ASTM methods. The properties are presented in Table 2. 

Table 2: Blended fuel properties 

Property Diesel 

(D100) 

Octanol 

(O100) 

Diesel and 

Octanol 

(B10) 

Diesel and 

Octanol 

(B20) 

Diesel and 

Octanol 

(B30) 

Diesel and 

Octanol 

(B50) 

Density 

(Kg/m3) 

837 880.25 840.23 844.28 848.32 832 

Viscosity 

(cst) at 

40oc 

2.0549 8.713 2.954 3.8114 5.032 7.23 

Flash point 

(oC) 

520C 890C 590C 650C 670C 770C 

Fire point 

(0C) 

65 90 65 79 78 75 
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Calorific 

Value 

(MJ/Kg) 

10241 

 

9208 9972 9953 9918 9874 

Cloud 

Point (oC) 

18 15 13 11 12 10 

Pour Point 

(oC) 

-5 8 -7 -4 -6 -3 

 

2.3. Experimental set-up 

Figure 2 outlines the experimental setup for this study, utilizing a fixed 70 cc single-cylinder diesel engine 

designed for agricultural and low-power generation (see Table 3 for detailed specifications). The engine, 

connected to a hydraulic dynamometer with variable resistance load, was equipped with a spring balance weighing 

machine. An air surge tank with a U-tube manometer measured air consumption. A dual fuel supply setup included 

a T-type control valve regulating Diesel or Biodiesel. A 3-way control valve, connected to a Burette, measured 

the fuel consumption rate. A thermocouple on the exhaust pipe gauged exhaust gas temperature for combustion 

analysis. The experiment involved starting the engine and allowing it to stabilize for 15-20 minutes. The engine 

ran on various fuel blends, including diesel-Soybean biodiesel-ethanol, diesel-biodiesel-ethanol, diesel-Soybean 

biodiesel-isopropanol, diesel-Soybean biodiesel-ethanol-isopropanol, diesel-Soybean biodiesel-ethanol-

isopropanol + alumina. Parameters like fuel and air consumption rates, exhaust gas temperature, and combustion 

characteristics were recorded at loads ranging from no load (0 kg, including flywheel) to full load (5 kg, including 

flywheel), with 20 minutes of operation at each load for stabilization. Efforts were made to maintain lubricating 

oil temperature below 90°C, and the experiment was repeated more than two times per load for reliability. 

 

Figure 2: Schematic diagram of test apparatus. 
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Table 3: Technical data for Kirloskar 4-stroke Water cooled Diesel engine 

Sr. No. Technical Data Value 

1 Method of Cooling Water 

2 No. of Cylinder 1 

3 Rated Power - B.H.P. / kW 3.5 / 2.6 

4 Bore (mm) 80.0 

5 Stroke (mm) 110.0 

6 Rated R.P.M. 1500 TO 2200 

7 Swept Volume (CC) 311 

8 Compression Ratio 17.5:1 

9 Method of Starting Cold Starting with the help of Starting Handle 

10 Engine Rotation Standard Rotation Clockwise facing Flywheel 

11 Fuel Tank Capacity (Lts.) 4.0 

12 Sp. Fuel Consumption gms / bhp - hr 199 

13 Sp. Fuel Consumption gms / Kwhr 270 

14 Lubrication System Plunger Pump 

15 Lub. Oil Sump Capacity (Lts.) 1.000 

16 Crank Shaft Height (mm) 140 

17 Engine Net Weight (kg) 55 

18 Engine Gross Weight (kg) 70 

 

3. Results and Discussion  

 

3.1 Combustion Performance of diesel by varying load and Injection rate 

All experiments were conducted at the rated speed of 1500 rpm with compression ratio 18:1 and variable load 

conditions at room temperature. To minimize the uncertainty each test was repeated 5 times and the average value 

has been taken. All the readings were noted after achieving steady state condition and at stable exhaust gas, 

lubricating oil and water outlet temperatures. The engine was operated for around 30 minutes to stabilize and 

ensure that no previous fuel remained in the fuel supplying pipe in its new state before every fuel change. The 

previous fuel was removed from the fuel path and replaced with fresh diesel. After every test, the nozzles were 

cleaned and put back in place for the subsequent experiment. Every test was conducted with 210 bar of normal 

injection pressure and 10°, 15°, 20° BTDC injection advancement. Another important factor that primarily affects 

the combustion procedure and smoke generation is injection rate. The amount of gasoline pushed by the plunger 

in a unit of time is known as the injection rate. Fuel density affects the rate of fuel injection. Table 4 represents 

the variation of cumulative heat release rate in actual and predicted taken from the experimental set-up with crank 

angle. 

Table 4: Variation of cumulative heat release rate in actual and predicted with crank angle. 

Crank 

Angle(⁰) 

Blend (%) Load 

(Kg) 

Injection Rate 

(mg/cycle/ºCA) 

Cumulative 

heat release 

rate (CHRR) 

Actual in 

Watt 

Cumulative 

heat release 

rate  

(CHRR) 

Predicted in 

Watt 

 

220 10 0 -0.7 1.45 1.47 

220. 10 3 0.6 1.34 1.35 

220 10 6 0.5 1.55 1.56 
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300 20 0 -0.6 1.65 1.66 

300 20 3 -0.4 1.55 1.56 

300 20 6 -0.5 1.52 1.53 

400 30 0 -0.4 1.55 1.57 

400 30 3 -0.6 1.29 1.30 

400 30 6 0.5 1.45 1.47 

 

 

Figure 3: Variation of CHRR with Crank Angel. 

The above three graphs shown in Figure 3 interpret the relationship between cumulative heat release rate 

(CHRR) vs. Crank angle for BTDC 10, 15, and 20 degrees, we found that as crank angle increases in the 

range of -360 to -10 degrees, there is a gradual decrease of CHRR for all the three loads. As the crank 

angle increases from -10 to 40 degrees, we observe that there is a sharp increase of CHRR in the range 

of -0.7 to 1.4 for all three loads. Peak values were obtained for Load 0 Kg followed by load 3 Kg and 

least for load 6 Kg. 
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3.2. Emission performance of WCD diesel engine for B50 blend 

The exhaust emissions of diesel engine were evaluated by the measurement of HC, O2, CO, CO2, NOX. The 

unburned hydrocarbon (HC) emissions for B50 alcohol/diesel blends under various tested circumstances are 

shown in Figure 4. The intensity of unburnt hydrocarbons found to be higher at full load compared to part load. 

This is because of the reach mixture. From the graph it was concluded that in 10° and 20° BTDC injection timing 

HC increases with increase in load but in 15° BTDC injection timing HC level gradually decrease with increase 

in load. This is explained by the fact that a longer ignition delay, a shorter burning time, and a delayed combustion 

results in higher HC value. 

 

Figure 4: Variation of HC with Load for test fuels. 

From figure 5, it is evident that in 10° & 20° BTDC injection timing O2 decreases with increase in load but in 

15° BTDC injection timing O2 level gradually increases with increase in load. 

 

 

Figure 5: Variation of O2 with Load for test fuels. 
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Figure 6: Variation of CO with Load for test fuels. 

Variation of Carbon monoxide emissions with respect to load for B50 was graphically represented in Figure 6. 

The emission of CO is due to the incomplete combustion of hydro-carbon fuel.  From the graph it was concluded 

that in 10° BTDC injection timing CO gradually increase & in higher load CO decrease but in 15° and 20° BTDC 

injection timing CO level gradually decease with load. 

 

 

Figure 7: Variation of CO2 with Load for test fuels. 

In the above figure 7, it is evident that in 10° BTDC injection timing CO2 first increases and then decreases with 

increase in load.  The presence of carbon monoxide emission in engine exhaust is due to improper mixing and lack 

of sufficient oxygen for burning. Incomplete combustion of carbon based fuels are the main cause for this emission. 

At 15° BTDC injection timing CO2 level gradually decrease first & then increase with increase in load. In 20° 

BTDC injection timing CO2 increases with increase in load. 
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Figure 8: Variation of NOx with Load for test fuels. 

In Figure 8, we concluded that in 10° BTDC injection timing NOx first increases & then slight decrease with 

increase in load. 15° BTDC injection timing NOx level gradually decrease first & then increase with increase in 

load. In 20° BTDC injection timing NOx increases with increase in load. 

K factor is the ratio of piston bowl volume to the clearance volume. This represents the amount of air available for 

combustion. Decrease in K factor indicates deterioration of combustion quality. With increase in load Kavg found 

to increase for 10°, 15°, 20°  BTDC injection timing. 

                                                 

 

Figure 9: Variation of Kavg with Load for test fuels. 

4. Conclusion 

In conclusion, changing the compression ratio and load has nearly identical effects on engines running on diesel, 

diesel blends, and blends of diesel and octanol. Brake thermal efficiency is increased by increasing the 

compression ratio and load to a certain point, which also reduces the amount of fuel specifically used for the 

brakes and the emissions of CO, HC, and O2. Changes in other parameters, such as injection pressure and time, 

may also affect the outcomes. The temperature of the exhaust gas rises as the compression ratio rises. It is found 

that there is a significant increase in Net Heat Release for crank angle in the range, followed by a quick decrease 

for the same parameter. Changes in other parameters, such as injection pressure and time, may also affect the 
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outcomes. After a detailed combustion, performance and emission study on diesel engine, it is further suggested 

that to get optimal results optimization using different techniques can be further performed. 
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