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Abstract 

Various institutes setups research laboratories and execute trials on SI engines for optimized the parameters for maximum 

efficiency by altering fuel consumption. Designers already reached to optimized edge of engineering by resolving all the design 

parameters of SI engine. Apart from internal system of SI engine, now research society focused on external framework such as AF 

ratio, turbo charging, octane rating, fuel blending etc. In general investigation almost covered the maximum aspect SI engine for 

observing various parameters by blending the fuels. Investigation also focused on Emissions of engine w.r.t. performance 

parameters like indicated/brake horse power, Brake Specific Fuel Consumption, Brake Mean Effective Pressure, Thermal 

Efficiency, Volumetric Efficiency etc.   
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I. INTRODUCTION 

Enormous field for study in automobile, where lot of research has been done and still working on micro level where probability of 

success remains less. Blending of fuel is a vide area where design controls are change in external mode of engines. Large scope of 

software engaged for various design phenomenon of engine to address the fuel blending. Somehow research society identified 

gasoline and ethanol forms homogenous and polysemy mixture. Umpteen authors equivocate same in their literature, addressing 

some of important and emphasizable part of literature in this investigation. Parameters like brake, torque, fuel consumption and 

brake/volumetric efficiencies are employed with blended fuel engines performance. Blending of fuels are obtained from mixing 

5%, 10%, 20% & 30% of ethanol with petrol, various speeds, and parameters involved to identify the NOx, CO & CO2 emissions. 

Experiments performance test also checked in various soft tools like FORTRAN, MATLAB & C language etc. 

II. LITERATURE REVIEW 

Engine runs on different mixtures like pure petrol, 10% ethanol and 20% ethanol to examine the performance and emissions of IC 

engine. Reviewer observed the results that there is no negative feedback of using 100% ethanol in the engine, CO emission 

gradually reduced, same as the 20% ethanol blends decreased the fuel conversation efficiency and brake power of the engine, it 

also affects the CO emission by its amount reduction.[1] 

The decrease in heating value; increase in octane number in blended fuel by the addition of ethanol. Results obtained by 

researcher like slightly increase in engine power and specific fuel consumption of engine by ethanol-gasoline blending. CO 

emission decreases with increase in ethanol addition. Hydrocarbons emission also decreases, but CO2 emission increase with 

improved combustion in engine. [2] 

Performance tests done for equivalence air–fuel ratio, fuel consumption, volumetric efficiency, brake thermal efficiency, brake 

power, engine torque and brake specific fuel consumption. Apart from this, exhaust emissions were analyzed for carbon monoxide 

(CO), carbon dioxide (CO2) and unburned hydrocarbons (HC), using unleaded gasoline–ethanol blends with completely different 

percentages of fuel at three-fourth throttle opening position and variable engine speed starting from 1000 to 4000 rpm. It shows 

that mixing petrol with ethanol will increase the brake power, torque, volumetric and brake thermal efficiencies and fuel 

consumption, whereas it decreases the brake specific fuel consumption and equivalence air–fuel ratio. The CO and HC emissions 

concentrations within the engine exhaust decrease, whereas the CO2 concentration will increase. The 20 vol. % ethanol in fuel 

blend gave the most effective results for all measured parameters in any respect engine speeds. [3] 

Experiment was carried out at 5% and 10% blended fuel in commercial 2 stroke SI engine without modification. Thermal 

efficiency of engine observed peaks once 5% of proportional to ethanol blended fuel kept in whilst overall. Researcher also 

observed that the fuel consumption was least at 5% of blended fuel. [4] 

“Solver” a tool of Microsoft excel used to get the optimum blended fuel. Maximum heating Value (MaxH), Maximum research 

octane number (MaxR) and Maximum Petroleum (MaxD) used as 3 tools for optimizing tools of blend ratios. In 4 cylinder petrol 

engine by wide opening throttle condition used the blended fuel with variable speeds, ethanol gasoline blend of 15% was introduce 

to compare the obtained outcomes. Results of MaxR, MaxD and MaxH reduced to 14%, 14.57% and 20.76% NOx emission in 

E15. The optimized blend also shows higher brake torque and brake thermal efficiency (BTE), apart from it brake specific fuel 

consumption (BSFC) reduced. [5] 
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Engine performance was determined under 2 stages. In the first stage, mathematical models were used by theoretical techniques 

of draft form cycle analysis. Engine parameters changed in each stage and decision of engine characteristics taken for impacts. In 

the second stage, experimental studies done wrt theoretical works. Program developer works on simulated environment for 

performance of 2 stroke reverse uni flow SI engine by application of MATLAB platform. [6] 

It is standard that the longer term availability of energy resources, as well as the need for reducing CO2 emissions from the fuels 

used has enhanced the need for the utilization of regenerative fuels. This research is done taking commercial petrol as reference 

that is originally blending with 5% ethanol. Hence 5%, 10%, 15%, 20% ethanol blending with petrol initially was tested in SI 

engines. Reduction in exhaust gases like HC, O2, CO, CO2 and increase in Brake Thermal efficiency on blending. The result using 

100% ethanol blend is simplest and can utilize it for any use in SI engines with little constraint on material used to sustain little 

increase in pressure. [7] 

A four cylinder, four stroke, varying revolution per minute, gasoline engine connected to dynamometer based on eddy current 

was run on blends containing 5%, 10%, 15%, 20% ethanol and performance characteristics were evaluated. The higher blends will 

replace petrol in a SI engine, results showed that there is a reduction in exhaust gases and increase in Mechanical efficiency, 

Specific Fuel Consumption and air fuel ratio on mixing. We are able to conclude from the result that using 100% ethanol blend is 

most effective and that we can utilize it for any use in SI engines with little constraint on material used to sustain little increase in 

pressure. [8] 

The performance parameters are investigated for one cylinder, four-stroke, SIengine with variable speed (1200 to 1750 rpm) 

and uses the blends of fuels. The result also shows that indicated power, brake power, friction power, and IMEP and exhaust 

temperature will increase with the rise in engine speed for all the tested fuels. AT 5% of ethanol Indicated power, IMEP and friction 

power was highest. [9] 

Experimental investigation done on MPFI engine to observe the consequences of petrol-ethanol blends on lubrication properties. 

In this experimental study of blended fuel with 10%, 20%, 30% of ethanol in blended fuel by volume. In this experiment, the 

lubricating properties was examined like viscosity, foaming characters, kinematic viscosity, iron content, stability of oxidation, 

lubricating capacity, carbon residue and flash purpose are below when 20% of ethanol blended fuel used. AAS and IS standards 

used to examine the lubricating properties. [10] 

1.4 litre four cylinder, 4 stroke and SI engine with compression ratio of 9:1 was used in experiment with 30% of ethanol by 

volume. The results found by increase in engine torque and power at mid range speed engine. At 25% of open throttled engine 

reduces the emmission of Carbin monoxide gas (CO), Carbon dioxide (CO2) and hydrocarbons (HC) whereas Nitrogen Oxide 

(NOx) emission increases at lower speed of engine. At full throttle, the CO reduced whereas CO2and NOx increases by using 30% 

of ethanol. 

The performance of 2 cylinders, in-line DI, and water cooled, naturally aspirated engine (RD270 Ruggerini) used vegetable 

cooking oil used as alternate fuels for combustion analysis done by researcher. The power and torque developed by diesel engine 

was 18.2 kW and 64.2 Nm at 3200 & 2400 rpm resp. waste vegetable oil used by 20% to detect the maximum power and torque 

increased by 2.7% and 2.9% respectively, when biodiesel used, the CO and HC emission considerably decreased. The mathematical 

model used to analyze the flame propagation to predict the engine torque, specific fuel consumption and element of exhaust gas 

components for varying engine speeds and different fuel blends ratio. It was also found that the engine torque, specific fuel 

consumption CO and HC emissions are 0.99, 1, 1 and 0.99 resp with index of R2. [12] 

MATLAB software used for mathematical model by using first law of thermodynamics and equation of conservation to predict 

the performance of SI engine performance for different blend ratios. The model was also used to evaluate the engine emissions 

and the mechanical and heat losses in the engine which is not included in this study. Experiments were performed with the blends 

containing 5, 10, 15 and 20 vol% ethanol. Exhaust gas emissions were measured and analyzed for unburned hydrocarbons (UHC), 

carbon dioxide (CO2), carbon monoxide (CO), Oxygen (O2) and Oxide of Nitrogen NOx at engine speeds ranging from 1000 to 

5000 rpm. Results obtained from both theoretical and experimental studies were compared. The simulation results have been 

validated against data from experiments and it results to a good agreement between the trends in the predicted and experimental 

results. [13] 

Programmer has made a software application to control the system by logic control and fuel supply in cylinder. Fuel should be 

supplied in every 2 revolution which confirmed by developed program. In this model, the opto-isolator sensor used to maintain the 

fuel injection period. The requirement of varying fuel injection period for different operating condition and loads. At designed 

constant speed of 3000 rpm, the DGI system is observed working properly. The vehicle performance and emission control is 

improved at variable speed and load. [14] 

With development of quick trendy computers, it's become potential to increase model predictive control (MPC) technique to 

automotive engine control systems that is historically applied to plants with dynamics slow enough to permit computations between 

samples. A MPC strategy used for dominant air-fuel ratio by supported adaptive model is completed in engine to a nonlinear. Each 

single-variable and multi-variable optimizations algorithms are adapted to observe the optimal solution of MPC and results are 

compared in term control performance and time consumption. [15] 

The performance of a commercial spark ignition (SI) engine using multigene genetic programming (GP) predicted in this study. 

Various runs were performed with model of physician and therefore the performance of developed equations was evaluated. The 

optimum models were selected consistent with statistical criteria of root mean sq. error (RMSE) and coefficient of determination 

(R2). The values of RMSE and R2 for brake power were found to be 0.388 and 0.998. it had been ascertained that the gp model 
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will predict engine torque with correlation coefficient (R2) within the range of 0.99–1 and RMSE was found to be 0.731. The 

simulation results demonstrated that gp model may be a smart tool to predict the engine brake power and torque under check. [16] 

Author suggested the reduction of pollution due to petroleum fuels can be done by using blending of tri-fuel in IC engines. This 

provides a better solution for NOx, CO, CO2 and different particulate matters emission reduction. Power produced by tri-fuel 

engine is high whereas NOx emission gets reduced compare to gasoline engine, it is due to high volumetric efficiency and 

compression ratio. [17] 

Integration of design, real time control and optimization of engines by the performance and standpoint of emissions in the 

developed tool. In the developed engine tool consist of 3 modules: 2 state quasi dimensional model of engine used to calculate the 

short event variation of temperature and pressure during the power and compression stroke; the thermal module to calculate the 

cyclic variation in engine wall temperature; the reaction rate emission model to calculate the engine NO and CO output. 

Environment of simulation and optimization schemes used to reduce the simulated evaluation by 2 orders of magnitude that are 

comparing with the parameter sweeps and 1 order of magnitude that compare the standard black-box optimizer in MATLAB. [18] 

A model developed for basic finite heat release for the purpose of combustion process in spark ignition engines. Spark timing is 

important for combustion process and it indentified the engine parameters of engine. Researcher focused on the evaluation of the 

effect of spark timing for thermal efficiency and work of engine, the codes helps in analysis to provide the next research work in 

angle of peak pressure of crank used for spark timing. [19] 

Virtual input data arranged depending on their sensitivity, out of which most effective data selected and optimized. Cylinder’s 

heat transfer coefficient, friction and temp coefficient of inlet ports sensitive for virtual parameters that affect the model. With the 

experiment results, the reduced errors of model are optimised. GT-power software connected with MATLAB to make it as powerful 

tool fir optimal operation points of engine. Available results in full load situation shows that 5% and 5.1% drop in fuel consumption 

and 5.65% and 6% increase in torque by genetic algos and steepest descend resp. [20] 

Comparisons of MATLAB and FORTRAN results for engine optimisation done for its reliable routines. For the combustion 

calculation and thermodynamic simulation of SI IC engine operation discussed. Thermodynamic curves used as fixed functions 

and air, fuel and combustion elements detailed as coefficients of variable. Olikara and Borman methods of Matlab version are used 

to identified the equilibrium state of combustion product. [21] 

Model based on 2 zone combustion system and can simulate turbulent combustion. BSNOx, BSCO, concentration of CO2, 

BMEP, BSFC, brake torque, volumetric efficiency, brake thermal efficiency, brake work, heat transfer, pressure and temperature 

of cylinder can be predicted by this model. CNG and gasoline based engines speed, performance parameters and equivalence ratio 

can be analysed. The model validated by experimental data of results from bi-fuel engine. Obtained results indicated the capability 

of model for engine performance optimization and minimization of emission. [22] 

The performance of an engine whose basic design parameters are known can be predicted with the assistance of simulation 

programs into the less time, cost and near value of actual. Thermodynamic cycle and performance analyses were simulated for 

various engine speeds (1800, 2400 ve 3600 1/min) and various excess air coefficients (EAC) (0.95-1.05) to crank shaft angle (CA) 

with 1 degree increment at full load and 8:1 constant compression ratio (CR) of a SI engine with four stroke, single cylinder and 

natural aspirated. Brake mean effective pressure, power, thermal efficiency, specific fuel consumption (sfc), etc engine 

performance parameters were calculated; the values of peak cylinder pressures and temperatures and positions of them were 

determined by the present program. The calculated results show good agreement with literature. Simulation program is usable to 

set for varies load, compression ratios, and engine sizes. [23] 

The electronic fuel injection, drive wire technology and variable cam timing are important and affect the overall performance 

of engine drives. The designer has given additional engine performance requirement by no compromise in existing benchmarks. 

These all models been introduced by researcher on its platform where DBW, VCT and EFI are important parameters. [24] 

The burn rate in engine simulated the model of turbulent combustion and compared in CFD in faster mode. Different terms used 

in this model like, chemical availability, work availability, thermo-mechanical availability, irreversibility and heat transfer 

availability. In this model, effect of equivalence ratio, engine speed, ignition timing, 1st law of thermodynamics and 2nd law of 

thermodynamics efficiency introduced. [25] 

Development of mathematical model based on spark ignition engine for cylinder by cylinder engine models that combines the 

both formulae physically i.e. engine geometries and empirical formulae w.r.t. burning duration. Torque, power and engine 

performance calculated by integrate the internal pressure of cylinder with one cycle of engine. There are 8 different engines taken 

to verify the models to capture power and torque characteristics. It was observed that -6% to 4% overall error was found. To predict 

the alternative fuels burning duration, this model is used for simulating the phenomenon. [26] 

III. CONCLUSION & RESULT 

In this investigation, blending of fuels is trending system of research by coming out of the box of changes in engine design. 

MATLAB, FORTRAN also used to developed soft tools to do analysis of blended fuel engines behaviour during online system. 

Investigation observed that some more blending are not taken in research works and their characteristics need to observed on other 

soft tools also like MINITAB, C language etc. A gap in research work found where more strategies can be used to make more 

systematic blending of various fuels to introduce in engine assisted by more soft tools.  
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