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Title of thesis: Influence of water - diesel micro-emulsified mixture on diesel engine 

performance and emission. 

1. Abstract: 

 
The diesel engines are utilized for supplying energy for vehicles like marine transportation, road vehicles, 

industries, etc. The consumption of diesel in internal combustion  engines has increased for various 

applications, leading to the emission of Carbon monoxide (CO), Particulate matters (PM), Carbon 

dioxide (CO2), Nitrogen oxides (NOx), Sulphur dioxide (SO2), which is a matter of concern. Engine 

modifications and the use of alternative fuels play a significant role in reducing emissions. Using 

Biodiesel and some types of nano-additives, adding catalytic converters and exhaust gas recirculation 

(EGR) the engine performance can be upgraded, and the emission of the pollutants can be reduced with 

minor modifications. Now a day, water emulsion diesel leads to improved engine efficiency and emission 

control in diesel engines. An attempt is made to study the effect of Water Emulsified Diesel (WED) fuel 

performance in the traditional diesel engine. In this analysis, water emulsion fuel in three different 

proportions, such as WD10, WD20, and WD30, are used in a single cylinder four-stroke diesel engine. 

For each water emulsion, combinations of two surfactants, namely Sorbitan monooleate (Span80) and 

Polyoxyethylene Sorbitan monooleate (Tween80), are used at a concentration of 2%. The 

electromagnetic and mechanical approaches are used for establishing the emulsified fuel. A parametric 

study of emulsion fuel is done in the laboratory before use. For prepared emulsion fuel density, kinematic 

viscosity, flash point, and gross calorific value were tested in different accredited laboratories. The major 

advantage while using this method is that no modification of the engine is required. Experiments are 

carried out at different load conditions of 2kg, 4kg, 6kg, 8kg, 10kg, and 12kg at constant speed of 

1500rpm. The non-emulsified diesel promotes better-indicated power, and the brake thermal efficiency is 

superior while using WD20 in the existing engine, as per the experimental findings. With WD30 

emulsified fuel engine performance, brake specific fuel consumption (BSFC) and mechanical efficiency 

(ME) are ideal. Using WD emulsion fuel, there is a drop in the combustion temperature because of the 

high latent heat of absorption in the inner phase water particles. Regarding emission characteristics, 

WD10 emits the least amount of CO, and WD20 promotes lower hydrocarbon intensity. WD30 emits the 

least amount of NOx because water brings down the peak flame temperature. For lower load conditions, 

minimum smoke emissions are achieved with WD10 and WD20 compared to pure diesel. The particulate 

matter (PM) emission is significantly decreased by applying the WD30 for the higher load. It is observed 

that the methodology used to prepare diesel water emulsion gives stable alternative fuel for conventional 

diesel engine. In general, emulsified diesel combined with water outperforms pure diesel fuel in terms of 

emission and engine efficiency. 
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2. Brief description on the state of the art of the research topic: 

 
In recent decades, the decline in world fossil fuel reserves and the increase in toxic exhaust 

emissions have caused various environmental pollution problems, which is driving the world 

to establish cleaner and sustainable renewable energy sources[1], the emitted pollutant 

involve CO2, CO, NOx, SO2, PM, and unburned HC emissions. The needs of the diesel 

engines are increased due to its required output power and efficiency. The diesel engine is 

utilized for many applications in every sector among them, the power and transport sectors 

are considered as the necessary field for the usage of diesel engine [2]. The power and 

transport sectors are vulnerable because of atmosphere pollution. Several researches have 

carried out studies to develop new energy source that reduce the diesel engine emission. 

Moreover, several quantities of novel modification approaches are introduced in diesel engine 

by using biodiesel. Hence, the greenhouse gases (GHG) are reduced with the usage of 

biodiesel that is used in diesel engine but it increases the NOx emission and smoke, which 

creates the acid  rain and depletion  in the ozone layer. Also,  natural gas is  used to  limit 

contamination in motors. Emulsification is a predominant strategy to control hurtful gases 

that upgrades productivity capability, limiting the motor's brake-explicit energy utilization 

[3]. The W/D process is broadly utilized and tried with the engine. It is a blend of diesel, 

water, and surfactants to improve emulsion dependability. W/D outcomes are contrasted and 

different mix diesel substance and burdens. However, presently the water emulsification 

strategy has been executed for improving the burning and emanation attributes in diesel 

engines. Various strategies are attempted with water added powers for infusion of water 

straightforwardly into the burning chamber, fumigation of water in the bay complex, and 

water emulsified diesel fuel [4]. The joining of nanoparticles in the W/D emulsion fuel 

upgraded the burning as well as emanation qualities. Nonetheless, the multifaceted nature for 

examining the ignition conduct related through miniature blast, the actual way of emulsion, 

and residue development prompts conflicting reports as far as SFC, BTE, CO, and HC 

discharges [5]. As an outcome, further exploration is expected to analyze the ignition 

qualities of W/D emulsion fuel lower than the fluctuating circumstances. The investigation 

tends to the fundamentals of the W/D emulsion fuel that can illuminate the future mediation 

of W/D emulsion fuel [6]. To extent the smoke as well as NOx, outflows are apprehensive, 

supersonic, and ultrasonic which has a contrary effect contrasted with emulsions arranged by 

mechanical homogenization [7]. 

The dark smoke, PM, and NOx emissions are produced through the diesel engines which are 
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harmful to singular wellness and the widespread biological system. The experimental effects 

of nano-emulsion biodiesel fuel on engine efficiency, gas emission parameters and 

combustion parameters of a single-cylinder air-cooled diesel engine [8]. The biodiesel sample 

showed significant engine characteristics at high compression ratio, injection pressure and 

injection timing in thermally coated engine [9]. The Green House Gases (GHG) is decreased 

by using biodiesel in the utilized diesel engine however it expanded the NOx emission and 

smoke, which makes corrosive downpour and consumption in the ozone layer [10]. Several 

conventional   and    unconventional    techniques using powerful tools are used to improve 

diesel engine characteristics, especially NOx and soot emissions. The water in the WED fuel 

disintegrates the inert warmth, retaining reasonably the advancement of burning and 

diminishes the temperature of the burning chamber and created NOx. PijushKanti Mondalet 

al [11] explored the WED dauntlessness qualities by adding 2% surfactant and 10% water 

mix of Tween 80 and Span 80. The thickness and tenacity attributes of the WEDs are 

resolved and assessed with the base diesel. Due to more homogeneous water molecule 

circulation and more modest size, the emulsion are arranged by means of ultrasonicator 

which upgrades the highlights of burning. Wan Nor Maawa et al [12] discussed about the 

impacts of weariness emissions, water emulsification for the performance of the engine, and 

highlights of the burning. About 30% substance of the water lessened the emission of NOx by 

26.17%. The exploratory result shows that the engine force is upgraded up to 28.4% and is 

diminished 7.27% of BSFC. Actual properties of PM in the utilized diesel engine have been 

examined by Ghadikolaei et al [13]. Here the diesel, mixed (B), fumigation (F), and the 

combination of F and B methods has been analyzed. Moreover, the diesel-biodiesel-ethanol 

mixture are utilized for the fuel F, B and F + B areas. The mixed mode of this model has 

inferior PM emissions than the diesel as well as F modes. This process concludes that the 

usage of the developed fuel is employed to affect the PM emission. 

Khatriet al [14] analyzed the impacts of various injection timings utilizing WDEF with the 

SiO2 nanoparticles. Moreover, the usage of 50 ppm SiO2 to emulsify fuel diminished the 

emissions like NOX, CO, HC, smoke and so on. Additionally, the development of injection 

timing in the condition of 25° before TDC has been enhanced the BTE as well as decreased 

BSFC. Eventually, the emissions of CO, smoke and HC gases are diminished to the detriment 

of the gas NOX through headway of injection timing. The developed WDEF model 

consolidated through ideal dosing of SiO2 nanoparticles at cutting edge infusion effectiveness 

amazingly lessens the production that improves the exhibition highlights. 

Mondalet al [15] analyzed the solidness conduct of WED that is set up by mechanical 
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homogenizer and ultrasonicator. It explores the WED dauntlessness qualities through by 

adding 2% surfactant and 10% water mix of Tween 80 and Span 80. The thickness and 

tenacity qualities of the WEDs are resolved and assessed with the base diesel. On account of 

more homogeneous water molecule appropriation and more modest size, the emulsion 

arranged through ultrasonicator which improves the highlights of burning. The combustion 

and the performance behavior of the engine using emulsions prepared by ultrasonicator 

showed improved characteristics. But, the results are not much encouraging of WEDM. Amid 

economic growth, fossil fuel energy consumption, carbon emissions and oil price was 

empirically tested from 1990 to 2015 studied by Mensah, Isaac Adjei, et al [16]. The NOx 

emission is produced dependent on the hotness of the consuming chamber. The Exhaust Gas 

Recirculation (EGR) method is used for reducing the emission of NOx. Notwithstanding, it 

grows the emission of PM and simultaneously, the emission of PM can be diminished 

through improving the start delay. Biodiesel blend diesel fuel improves in-chamber 

temperature which brings about more prominent NOx emission. This emission trouble can be 

ignored for diesel engine through WED as fuel [17]. The emulsion unfaltering quality is 

dependent on the volume of the water beads and the kind of surfactant, mixing speed, time 

method used. The surfactant decreases the interfacial pressure among the water and diesel 

fuel through fascinating at the intersection purpose of the liquid [18]. The effects of 

emulsifier concentrations and water contents on the stability of WED is studied by El-Din et 

al [19]. Here, the five emulsions are arranged and blended surfactant groupings of 8%, 6%, 

and 10%. Consequently, the bead size is noticed for all fixations. Water in oil emulsion meant 

that water is solute and oil turns into a dissolvable. Oil in water implies, that the water is 

dissolvable and oil is solute. Because of the polar head, the surfactants are arranged into four 

sorts anionic, cationic, non-ionic, and zwitterionic. The proper mixing technique and 

emulsifying agent were used to produce stable emulsions of 10% to 30 % water by volume in 

diesel is expressed by Omar Badran [20]. Diesel fuel and water, being stored in different 

units, are quantitatively transferred and instantaneously emulsified by a mixing system 

combination of high shear mixer and ultrasonic mixer before the produced emulsion fuel is 

transferred into the engine [21]. A lot of exploration has led to decrease in the emission from 

engines, which is the primary explanation. Moreover, emission from the engine has been 

decreased utilizing a control technique. The emission paces of diesel engines should be 

managed by a thorough methodology. Subsequently, an exhaust system, in particular Diesel 

Oxidation Catalyst (DOC) has utilized for decreasing the CO gas emission. This strategy is 

more affordable and utilized in numerous applications [22]. In any case, the sulfur content is 
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obscure, bringing about the decrease of PM emission esteems up to 20%. In this way, Diesel 

Particulate Filters (DPFs) are utilized in another application that works with sulfur fuel. The 

expense of the DPF is more than different channels; however, it lessens PM up to 90%. 

Nonetheless, a negligible measure of sulfur fuel is utilized to control the PM esteem [23]. 

The physical and compound characteristics of the W/O-EF are developed by Samec et al 

[24]. The fuel sprinkle and mixture are researched to examine the parts that impact water in 

the burning chamber. The framework is tried in a full burden state where the fuel utilization 

is low without contamination. Attia et al [25] has planned the three-chamber diesel engine's 

exhibition with water in diesel Fuel Emulsion (WFE). The volumetric substance of WFE is 

0.5% emulsifier and 17% water. This current strategy's result shows that huge measured 

water beads are slanted to decrease the toxin up to 25%. Subramanian [26] has led probes 

diesel engines to assess the results of W/D. The water diesel proportion taken was 0.4:1, and 

the test is led by the speed as 1500 rpm. The standard method replaces the presentation of this 

changed fuel technique. Various investigators have been investigated 5% to 40% of the water 

on diesel engines under various conditions, for instance, BSFC, BTE, IP force, force, and 

emissions. The key metrics of diesel engine for various diesel types like emulsified diesel 

[27] waste cooking oil (bio diesel) [28], alcohol biodiesel [29], and flower seed with waste oil-

biodiesel [30] are represented in fig.1 

 

 
Fig. 1 Performance statistics with different key metrics [27, 28, 29, 30] 

 
3. Problem definition: 

 
Diesel engines have been used in heavy duty applications for a very long time now; recently 

that it has become very popular in light duty application due to their higher fuel efficiency. 

Higher fuel efficiency in the diesel engines is achieved due to the high compression ratios 

along with high oxygen concentration in the combustion chamber. However, these same 
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factors results in high emission in diesel engine. The radiated contaminates includes CO2, 

CO, NOx, SO2, and unburned HC emissions [9]. The requirements for diesel engines are 

expanded step by step because of their yield force and effectiveness. Moreover, a few 

amounts of novel adjustment approaches are presented in diesel engines with the utilization 

of biodiesel. Consequently, the Green House Gases (GHG) is decreased by using biodiesel in 

the utilized diesel engine however it expanded the NOx emission and smoke, which makes 

corrosive downpour and consumption in the ozone layer [10]. The water blended diesel fuel 

is diminished the NOx emission. In addition, it reduces the pinnacle temperature which is 

created in the burning chamber. The utilization of water diesel emulsion has been controlling 

the emission and better engine characteristics. The water emulsified diesel produces with 

electromagnetic and mechanical approaches are examined and attempted in this investigation. 

4. Objective and Scope of the work: 

 
The objective of this work is to study the influences of affecting parameters and optimize 

parameters of water diesel micro emulsified fuel on engine performance and emission. 

Parametric study is carried out to examines the influence of W/D micro-emulsified mixture 

on diesel engine enactment and emission. The main objective of this research is to evaluate 

the performance parameters such as power output, brake specific fuel consumption, brake 

thermal efficiency, temperature of exhaust gas, etc. and emission using micro-emulsified 

mixture. 

5. Contribution of the thesis: 

 
The main contribution of the thesis is to study the preparation of water diesel micro- 

emulsified fuel and study the effects on diesel engine. Diesel engines offer better fuel to 

power conversion efficiency and better fuel economy, engine in different applications such as 

marine, industries and agricultural sectors. The fuel properties esteems like viscosity, density, 

calorific value etc. are tested at different laboratories SVNIT, RAL Sangali, Prism Lab. This 

investigation involves the examination of performance analysis, emission analysis and 

physical characteristics of W/D emulsion for the traditional diesel engine at different 

locations using different engines. Present work also involves injector test, uncertainty 

analysis. 

6. Methodology of Research, Results / Comparisons: 

 
 Methodology of research: 

This research work attempts to utilize theoretical and experimental approaches to test the 
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Addiction of surfactants 
 

 
Mix 

performance of the water diesel micro emulsified fuel for diesel engine. Initiation by global 

literature survey which incorporates detailed developments, research papers reviewed, and 

previous prototype are studies. It is proposed to investigate all parameters of emulsified fuel 

system along with this analysis. Using these data, test set up is to be developed for emulsion 

fuel preparation. Experimental study on the diesel engine is carried out to understand the 

effect of performance parameters and emission parameters. Results obtained from this work 

are compared with relevant literature. 

  Experimentation and results: 

 
Experimentation work was done in two parts. The first part includes water diesel emulsion 

preparation, develop methodology of fuel preparation, property testing of emulsion fuel. On 

different Engine test setup performance and emission tests were carried out in the second part. 

These subsequent sections present the details of methods, testing, engine test setup and results 

of experimental study. 

 
 Preparation of water diesel emulsion: 

 
The fundamental components of an emulsion are water, emulsifier, and diesel. At first, these 

components are blended to create emulsion utilizing electromagnetic stirrer and mechanical 

stirrer. The emulsion steadiness relies upon various highlights, for example, the time taken 

for blending, the centralization of surfactants, philosophy, and the amount of water added for 

preparing, mixing rate, and many. At high temperature, the soundness of the emulsion is 

influenced, so these can be defeated by keeping up the stable micro emulsified WED. Micro- 

emulsion of WED involves 10%, 20% and 30% water and 2% surfactant content. Here there 

are two types of surfactants used that are lipophilic surfactant and hydrophilic surfactant. In 

this way, emulsion fuel is prepared by changing the substance of surfactant, diesel and water. 

The process of emulsification is shown in fig.2. 

Emulsion 

Surface tension minimization 
ability acts to develop a steady 

and equivalent emulsified liquid. 

 

Fig. 2 Emulsification process 

Oil 

Water 
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Surfactant role 

 
The surfactant is essential parameters in the emulsion that is employed to regulate the 

stability of the emulsion. This parameter has been classified based on the Hydrophile- 

Lipophile Balance (HLB) value, which ranges from 0 to 20.The HLB value for the water in 

diesel emulsifier is from 4 to 8. If the emulsifier value is more than 10, the diesel in water 

emulsion is produced. 

 Water diesel emulsion mixing approaches: 

 
The water emulsion test is 20% WED and the size of the example is taken as 500 ml. About 

18% of water and 80% of diesel are taken to get ready WD emulsion, and 2% of emulsifier is 

thought of. The homogeneous blend is set up with Tween 80 and mixing water mix utilizing 

electromagnetic stirrer for five minutes at the speed 1000 rpm. With electromagnetic stirrer 

diesel is mixed in Span 80 for 5 min at the speed of 1000 rpm. Add diesel at 18 ml/min to 

form water in diesel emulsion at speed of 1000 rpm. The mechanical stirrer is used in the 

emulsion to get stable micro emulsion. The preparation of emulsion is illustrated in Fig. 3 a) 

and b). 

 

(a) (b) 

Fig.3 (a) and (b) Preparation of emulsion 
 

Emulsified properties 

 
The enhancement of blend density inclines for improving the water content in the process of 

emulsion. The gross calorific rate of an emulsion is lower than the pure diesel. For separating 

the diesel engine demonstrations, the engine can work at 1500 rpm. Emulsion properties are 

verified at Sophisticated Instrumentation Center SVNIT, Research Assistance Lab, Prism lab, 

Modi lab Sample of physical properties of prepared emulsified fuel is mentioned in Table 1. 

Table 1 Emulsion properties 

 



 

Sr. No. Parameter

1 Density @ 150C

2 Kinematic Viscosity

3 Gross calorific Value

4 Sulphur 

5 Flash Point 

 Engine test setup: 

 
Experiment was performed on

test rig. The engine specification

experimental setup. 

Table

 
Parameter 

Engine category Single cylinder,
rig 

Engine stroke 110 mm
Bore 87.5 mm
Swept volume 661 cc 
Speed 1500 rpm
Injection deviation 0- 250 BTDC
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Parameter Diesel 10% WD 20% WD 

C (gm/ml) 0.811 0.813 0.814 

Viscosity @ 400C (cst) 2.22 2.34 2.39 

Value (Kcal/kg) 10642 10484 10410 

 % 0.04 0.06 0.08 

 (0 C) 95 92 91 

on different single cylinder, four stroke, multi fuel 

specification of one setup is mentioned in Table 2 and 

Table 2 Diesel Engine Specification 

Specification 

cylinder, 4-stroke, MULTI - FUEL, VCR (Computerized)

mm 
mm 

 
rpm 

BTDC 

 

Fig. 4 Experimental setup 

 

30% WD 

0.855 

3.80 

7525 

0.09 

90 

 diesel engine 

 fig. 4 shows 

(Computerized) Test 



 

 Results and Comparisons: 

 
 Performance Analysis 

 
The exhibition of the diesel engine

The introduction of altered fuel procedure is supplanted by the customary strategy. Numerous

analysts have carried out research with 10% to 30% of the water on diesel engines under

different conditions, for example, warm effectiveness, explicit fuel utilization, Brake Power

(BP), brake thermal efficiency

for WED and pure diesel is illustrated

various load state is illustrated in

(a) 

Fig. 5 a) Power Output with various load conditions b) Brake Specific fuel consumption

of emulsions

The mechanical efficiency of the emulsion fuel is almost the same as pure diesel. It improves

combustion due to micro explosion

especially at high load. The combined effect of higher heat release rate, h

pressure, more fuel jet momentum

fuel results in higher brake thermal

than the pure diesel. The mechanical

pure diesel is illustrated in Fig.6

conditions are illustrated in Fig.6

11 

 

 

engine is investigated by means of using the WED

The introduction of altered fuel procedure is supplanted by the customary strategy. Numerous

analysts have carried out research with 10% to 30% of the water on diesel engines under

different conditions, for example, warm effectiveness, explicit fuel utilization, Brake Power

efficiency and so forth. The power output with various load

illustrated in Fig.5 (a). The BSFC of WED and

illustrated in Fig.5 (b). 

 

 (b) 

with various load conditions b) Brake Specific fuel consumption

emulsions and diesel with various load state 

The mechanical efficiency of the emulsion fuel is almost the same as pure diesel. It improves

explosion of the water droplets contained in the emulsion

especially at high load. The combined effect of higher heat release rate, higher in

momentum and micro-explosion phenomenon in case of

thermal efficiency at higher load though its heating value

mechanical efficiency with various load conditions for

Fig.6 (a). The BTE of WED and diesel with 

Fig.6 (b). 

using the WED as the fuel. 

The introduction of altered fuel procedure is supplanted by the customary strategy. Numerous 

analysts have carried out research with 10% to 30% of the water on diesel engines under 

different conditions, for example, warm effectiveness, explicit fuel utilization, Brake Power 

load conditions 

d diesel with 

 

with various load conditions b) Brake Specific fuel consumption 

The mechanical efficiency of the emulsion fuel is almost the same as pure diesel. It improves 

emulsion fuel 

igher in-cylinder 

of emulsified 

heating value is less 

for WED and 

 various load 
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(a) (b) 

 
Fig. 6 a) Mechanical efficiency with various load conditions b) Brake thermal efficiency 

of emulsions and diesel with various load state 

 Exhaust Analysis 

 
Here, exhaust emission of CO2, CO, O2   is assessed through the 444N gas analyzer, AVL 

Smoke meter is used to measure Smoke opacity and Stack Sampling Kit is use for PM, NOx 

& HC Monitoring. Fig.7 (a) illustrate gas analyzer and fig. 7 (b) stack sampling kit. 

 

 
(a) (b) 

Fig. 7 a) Gas analyzer b) Stack sampling kit 

 
NOX EMISSION 

 
The NOx emission is created dependent on the hotness of the consuming chamber. With the 

pressure proportion, the NOx emission is expanded. The emission of NOx with engine load 

is communicated in Fig. 8(a). It exhibits that the emission of NOx upgraded with the load of 

the engine for WED fills. This principally happens attributable to the temperature of the 

chamber to expand with upgrading the speed of the engine. Simultaneously, the water rate is 

improved with the diminished emission in the emulsion. The NOx emission is diminished up 



 

to 41% for emulsified diesel with

 

(a) 

 
Fig. 8 (a) NOx emission with

 

Particulate Matter (PM) emission

 
The emission of PM can affect

Moreover, the areas of rich fuels are

of PM when using W/D is due to the better mixing and enhanced atomization caused by the

micro-explosion phenomena. 

reaction rate. The emission of 

Smoke emission 

The smoke emission increases with the increase of load for all tested fuels. This is due to the

burning of higher quantity injected

9(a) that the smoke emission is

 
CO emission 

Effect of emulsion fuel increases oxygen availability in the fuel. The latent heat of water cool

the charge due to the evaporation

The addition of oxidation from

the chamber temperature quickens

the CO discharge has superior 
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with 20 % water, in every load condition. 

 (b) 

with various engine loads (b ) PM with various engine

emission 

affect the health of human that causes carcinogenic

rich fuels are developed under the high load conditions. The

of PM when using W/D is due to the better mixing and enhanced atomization caused by the

 The reduction in maximum local temperature also reduces the

 PM with engine load is communicated in Fig. 8 (b).

The smoke emission increases with the increase of load for all tested fuels. This is due to the

injected fuel at higher load. It can also be noted from

is lower for emulsified diesel than that with base diesel.

Effect of emulsion fuel increases oxygen availability in the fuel. The latent heat of water cool

evaporation of water, results in lower peak combustion

from CO to CO2 lessens the CO outflow. Consequently,

quickens the corrosion pace of CO. The figure 9(b) 

 for the emulsified diesel than the diesel. 

 

engine loads 

carcinogenic PAHs. 

developed under the high load conditions. The reduction 

of PM when using W/D is due to the better mixing and enhanced atomization caused by the 

The reduction in maximum local temperature also reduces the 

(b). 

The smoke emission increases with the increase of load for all tested fuels. This is due to the 

from the figure 

diesel. 

Effect of emulsion fuel increases oxygen availability in the fuel. The latent heat of water cool 

 temperature. 

Consequently, burning 

 demonstrates 
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(a) (b) 

 
Fig. 9 (a) Smoke emissions with various engine load (b) CO versus various load 

conditions 

7. Achievements with respect to objectives: 
 

The normal diesel fuel is exchanged using the emulsified fuel that improved the efficiency of 

the engine and also diminished the emissions. Here, the Micro-emulsion improved the 

combustion behavior while diminishing the combustion temperature by water quenching 

effect. The addition of various surfactants is utilized for enhancing the emulsion quality. The 

properties of micro-emulsified diesel fuel against the diesel were investigated. The analyzed 

approaches has attained high performance value of BTE and Power output, while BSFC and 

Mechanical efficiency are comparable to diesel fuel with WED. 

8. Conclusions: 
 

This examination shows that the customary diesel fuel supplanted by diesel fuel has 

expanded the engine proficiency with decreased emission. Emulsion fuel prepared by 

electromagnetic stirrer and mechanical stirrer with 10%, 20 % and 30 % water gave stable 

emulsion fuel. Engine power decreases as water content increases, the main reason is that the 

calorific value of emulsion fuel is lower than diesel fuel. BSFC increases with WD emulsion, 

but 10% W/D SFC are comparable to diesel fuel. Reduction in Exhaust gas temperature is 

observed at higher engine load conditions with micro emulsified fuel. Brake thermal 

efficiency using emulsion fuel is comparable to diesel and even better at higher load due to 

the effect of micro explosion. Effect of adding water in diesel fuel increases oxygen 

availability in the fuel, which demonstrates lower CO emission. HC emission is low 

compared to diesel fuel due to higher air to fuel equivalence ratio, so there is enough oxygen 

available for the fuel to burn completely. NOx emission is reduced with emulsion fuel due to 

heat sink effect. Reduction in PM can be achieved with emulsion fuel in all load range due to 

better mixing cause by micro explosion phenomena. Smoke emission is lower with the 

emulsion fuel compared to diesel fuel due to the combine effect of secondary atomization and 

longer ignition delay. The critical point of the present work is to lessen contamination gas 

emissions. 

Overall, it is observed that emulsion fuel is a promising alternative fuel that can bring greener 

exhaust emission and fuel usage reduction without deteriorating engine performance. 
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Emulsion can be used as alternative fuel without any modification of the existing diesel 

engine. 

In future, the critical strategies can be presented for the improvement of emission decrease 

and best execution in the diesel engine. In future examination, the effective fuel potential can 

be assessed utilizing an appropriate gas emission test that diminishes gas emission in a wide 

reach. This research work is extended by using different nanoparticles and bio-oil added 

water emulsion fuels to the diesel engine. Further research can be done in the area of fuel, 

making devices/method so that commercialization of emulsion fuel as an alternative source is 

to be developed. 
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