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  This study evaluated the performance of Direct Injection Spark Ignition (DISI) 

engines fuelled with alcohol-gasoline blends under varying engine loads and 

speeds, focusing on the blends of methanol, ethanol, butanol and gasoline. 

Experimental tests were conducted using a single-cylinder DISI engine under 

controlled laboratory conditions. Pure gasoline and two alcohol-gasoline blends 

were tested at different engine loads (0%, 50%, and 100%) and speeds (2500, 3000 

and 3500 RPM). D-optimal design in Response Surface Methodology (RSM) of 

Design-Expert (version 13.0.1) was used to design the experiments and 

mathematical models were also formulated for the performance parameters 

considered. The adequacy of the models was determined by using statistical tests 

and the best-fit model for each response was selected. Analysis of Variance was 

also done for a better understanding of the model's attributes. Results showed that 

alcohol-gasoline blends have the potential to improve the combustion efficiency of 

DISI engines. The thermal efficiency of the optimum alcohol-gasoline blend was 

higher than that of pure gasoline by 0.9%. The addition of alcohols led to an 

increase in Brake Specific Fuel Consumption (BSFC) by 1.89% and engine torque 

exhibited a marginal improvement. Alcohol-gasoline blends can serve as viable 

solutions to meet the future sustainable energy supply goals in the automotive 

industry. 
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INTRODUCTION 

The increasing demand for energy and growing 

concerns about environmental pollution have 

pushed the automotive industry toward alternative 

fuels that can reduce both fuel consumption and 

harmful emissions. Among the various alternatives, 

alcohols, particularly ethanol and methanol, have 

gained a significant attention as fuel additives in 

gasoline-powered internal combustion engines. 

Their renewable nature, high oxygen content, and 

cleaner combustion characteristics make them 

attractive choices for improving the performance 

and environmental sustainability of gasoline 

engines, especially Direct Injection Spark Ignition 

(DISI) engines (Zhang et al., 2022; Elshenawy et 

al., 2023). 

DISI engines, known for their improved fuel 

efficiency and power output, have become a widely 

adopted technology in modern vehicles. These 

engines combine the benefits of direct fuel injection 

with spark ignition, which allows for a better control 

over fuel-air mixture and combustion timing, 

leading to enhanced performance and reduced 

emissions. However, the direct injection mechanism 

also poses challenges, such as increased particulate 

matter formation, especially when using traditional 

gasoline fuels (Zhou et al., 2016). The use of 

alcohol-gasoline blends is seen as a potential 
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solution to these challenges, as alcohols have lower 

carbon content and higher volatility, which can 

promote cleaner combustion (Liu et al., 2018). 

While alcohol-gasoline blends offer several 

advantages, there is a need for a comprehensive 

evaluation of their effects on the performance 

parameters of DISI engines. Most of the existing 

studies have focused on the emissions benefits of 

alcohol fuels, but there are limited data on how 

methanol-ethanol-butanol gasoline blends affect 

engine performance under real-world operating 

conditions. Specifically, the impact of ethanol and 

methanol blends on fuel consumption, thermal 

efficiency, and power output in DISI engines 

requires further exploration (Ahmed el al., 2021; 

Akbiyik et al., 2023). 

Additionally, the use of alcohol-gasoline blends 

may present challenges related to engine durability 

and long-term performance. Alcohols are known to 

be less energy dense than gasoline and may require 

more quantity to produce the same mechanical 

work. Therefore, understanding the trade-offs 

between improved performance and potential 

mechanical issues is essential for assessing the 

viability of these fuels in modern engines (Costa et 

al., 2021; Jiahong et al., 2022).  

This study aims to evaluate the performance 

parameters of DISI engines when fuelled with 

various alcohol-gasoline blends. These blends are 

compared with pure gasoline by assessing their 

effects on key engine performance metrics, 

including brake specific fuel consumption (BSFC), 

brake thermal efficiency (BTE), and engine torque. 

Understanding the impact of these blends on engine 

performance is crucial for determining their 

feasibility as alternative fuels in the automotive 

sector (Heywood, 2018; Zutta et al., 2020). 

The significance of this research lies in its potential 

to contribute to the development of cleaner and 

more efficient fuel options for the automotive 

industry.  Alcohol-gasoline blends represent a 

promising solution for the future of internal 

combustion engines, particularly in DISI 

applications (Karagoz et al., 2021). Furthermore, 

the findings from this study will provide valuable 

insights for automakers and fuel manufacturers, 

helping them to optimize fuel formulations and 

engine designs for enhanced performance and 

environmental friendliness. By understanding the 

trade-offs between different alcohol-gasoline 

blends, this research will support the ongoing 

transition towards cleaner, more sustainable 

transportation technologies. 

MATERIALS AND METHODS 

Materials 

The materials used in this study included methanol, 

ethanol and butanol, with purity of 99.9%, procured 

from SAVIDEB Chemical Enterprise, Osogbo, 

Osun state. Gasoline was obtained at a petrol filling 

station in Aroje area of Ogbomoso, Oyo state. 

Blending 

Alcohol-gasoline blend ratios were determined 

using the D-optimal Design in Mixture Methodolgy 

of Design Expert Software (version 13.0.1). 

Methanol, ethanol, butanol and gasoline were 

measured with different measuring cylinders and 

poured into a beaker. The mixture was then agitated 

vigorously to make a homogenous blend. Two 

alcohol-gasoline blend samples were selected for 

use in the experiments, based on their 

physicochemical and fuel properties, which were 

the optimum blend (9.859% methanol, 5.0% 

ethanol, 5% butanol and 80.141% gasoline) and 

Blend-13 (5% methanol, 5% ethanol, 5% butanol 

and 85% gasoline). Pure gasoline was used as 

control. 

 Experimentation and modelling 
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A four-stroke, single-cylinder DISI engine was 

connected to a hydraulic dynamometer with a 

coupling, and the set-up was mounted on a rigid 

frame for the experiment. The hydraulic 

dynamometer (TD 115) was connected to an 

instrumentation unit (TD 114) designed to stand 

beside the engine under test. The instrumentation 

unit has a tachometer for measuring speed in rpm, 

torque meter for measuring torque in Nm, 

thermometer for measuring exhaust gas 

temperature, fuel measurement tube for measuring 

fuel consumption and airflow manometer for 

measuring air consumption. Stopwatch, 

thermometer, barometer, vibrometer and noise 

meter were used in conjunction with the TD 114 

instrumentation unit.  

D-optimal Design in Response Surface 

Methodology of Design Expert software (version 

13.0.1) was used to generate the factors 

combinations for the DISI engine, making use of 

engine speed (2500, 3000, and 3500 r.p.m.) and 

engine load (0, 50 and 100%) as factors, resulting in 

a total of eleven runs. The DISI engine was then in 

turn fuelled with pure gasoline (PG), optimum blend 

(OB) and Blend-13 (GB). The performance of the 

engine was then determined in each case by 

evaluating Brake Specific Fuel Consumption 

(BSFC), Brake Power (BP), thermal efficiency, 

torque, Exhaust gas temperature (TEG), engine 

vibration and engine noise. D-optimal design under 

the Response Surface Methodology (RSM) in 

Design Expert 13.0.1 software was adopted for 

model development and analysis of data. 

i. BSFC 

BSFC is the fuel mass flow rate (�̇�𝑓) divided by the 

engine brake power (BP), as given by equation 1, 

𝐵𝑆𝐹𝐶 =  
�̇�𝑓

𝐵𝑃
𝑥 − 3600             1 

Where:  �̇�𝑓(g/s) is Fuel mass flow rate and 

BP(KW) is effective brake power  

But  BP = 𝑇𝑒𝑊𝑒 

.·. BSFC = 
�̇�𝑓

𝑇𝑒𝑊𝑒
               2  

Where 𝑇𝑒 is effective engine torque, and 𝑊𝑒 is 

engine speed  

𝑇𝑒 = Force × distance                 3 

Where Force is the product of the mass  hung on the 

torque arm of the dynamometer and  acceleration 

due to gravity (g)  while distance is the torque arm 

of the dynamometer. 

(ii) Engine torque 

Engine torque (Nm) can be defined as a function of 

the engine’s brake mean effective pressure (BMEP) 

as given by Equation 4 

𝑇𝑒 =  
𝑁𝑐𝑉𝑑𝐵𝑀𝐸𝑃

2𝛱𝑛𝑟
                                       4 

Where 𝑁𝐶  is the number of cylinders, 𝑉𝑑 is the 

cylinder displacement volume and BMEP is the 

brake mean effective pressure.  

𝑛𝑟 is number of crankshaft rotations Equation 4 

was substituted into Equation 2 and yielded 

Equation 5, given as 

𝐵𝑆𝐹𝐶 =  
2𝛱𝑛𝑟𝑚𝑓

𝑁𝑐𝑣𝑑𝐵𝑀𝐸𝑃𝑤𝑒
                      5 

The lower the BSFC, the more efficient the engine.  

(iii) Thermal efficiency 

The thermal efficiency was calculated as a function 

of BSFC and LHV given as equation (6, 7) 

𝜂𝑇ℎ =  
1

𝐵𝑆𝐹𝐶.𝐿𝐻𝑉
                           6 

But 
1

𝐵𝑆𝐹𝐶
=  

𝐵𝑃

�̇�𝑓
 

.·. 𝜂𝑇ℎ =  
𝐵𝑃

�̇�𝑓.𝐿𝐻𝑉
                                                   7 
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Where: 𝜂𝑇𝐻 = Thermal efficiency and LHV = lower 

heating value.  

(iv) Measured parameters 

Brake Power (BP) and engine torque were measured 

by the instrumentation unit attached to the 

dynamometer. The exhaust gas temperature (EGT) 

of the DISI engine was measured by a chromel 

alumel thermocouple thermometer conforming to 

British Standard (BS1827). The vibration level was 

measured using a vibration meter (VB-8206SD). 

The engine noise was measured by a sound level 

meter (pulse Nova model 46). 

RESULTS AND DISCUSSION 

The effect of engine speed and engine load on the 

performance of the DISI engine is presented in this 

section for pure gasoline (PG), optimum alcohol-

gasoline blend (OB) and Blend-13 (GB). Figures 1 

shows that BSFC values of 233.6, 221.7 and 230.4 

g/kWh were obtained at engine speeds of 2500, 

3000 and 3500 rpm respectively for pure gasoline. 

The lowest value for BSFC was obtained at an 

engine speed of 3000 rpm. This was due to the fact 

that volumetric efficiency and engine friction 

increased with increase in engine speed up to 3000 

rpm, above which engine friction dominates. This 

result agrees with the results obtained by Zhou et al. 

(2016) and Elshenawy et al. (2023) and they follow 

the same trend. 

Pure gasoline gave the lowest value of 221.7 g/kWh 

at an engine speed of 3000 rpm and engine load of 

0% while the optimum blend gave 225.9 g/kWh, 

amounting to 1.89% increase in BSFC for the 

optimum blend compared to pure gasoline. This 

may be due to the lower heating value of alcohol-

gasoline blends compared to pure gasoline. This 

result is in agreement with the results obtained by 

Biswal et al. (2020). These findings also agree with 

the trend of the results of Zutta et al. (2020), who 

modelled the combustion and emission of SI 

engines fueled with ethanol-gasoline blends. 

BSFC increased with an increase in engine load for 

pure gasoline and the alcohol-gasoline blends 

considered. The lowest value was obtained at engine 

load of 0% and the highest value was obtained at 

engine load of 100% for the three fuels. This is due 

to the fact that at higher loads, the engine often 

operates at a richer air-fuel mixture to prevent 

knocking (pre-ignition). A richer mixture means 

more fuel is being burned for the same amount of 

air, leading to less efficient combustion and 

increased specific fuel consumption. This result is in 

agreement with the results obtained by Karagoz et 

al. 2021. 

Figures 2 shows that an engine speed of 2500 rpm 

gave the lowest value of 5.95 kW for BP and this 

value increased to a maximum of 6.37 kW at 3000 

rpm and then decreased to 6.15 kW when speed 

further increased to 3500 rpm.  BP increased with an 

increase in engine load for the three fuel samples 

considered. This was because as the engine load 

increased, more fuel was injected into the 

combustion chambers. The combustion of this 

additional fuel produced more energy, which 

increased the pressure on the pistons during the 

power stroke. This increase in pressure led to a 

higher torque output, directly increasing the brake 

power. Pure gasoline gave the maximum BP value 

of 6.37 kW while the optimum blend gave the 

highest value of 6.34 kW, which is a marginal 

reduction of 0.471% at a speed of 3000 rpm and load 

of 100%. This decrease may be due to the lower 

heating values of alcohol-gasoline blends. The 

minimum value of 2.09 kW was obtained for the 

optimum blend at a speed of 2500 rpm and a load of 

0%. This result is in trend with the findings of Iliev 

(2021), who investigated the effect of ethanol and 

methanol blending with gasoline on engine 

performance. 
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It can be seen from Figures 3 that EGT increased 

with an increase in engine speed and engine load. 

The minimum EGT value of 270 oC was obtained 

for pure gasoline at a speed of 2500 rpm and a load 

of 0% while the maximum value of 798 oC was 

obtained for the optimum blend at a speed of 3500 

rpm and engine load of 100%. This was due to the 

improved combustion process as a result of the 

oxygen content of alcohol-gasoline blends. This 

result is in agreement with the result obtained by 

Siwale and Bereczky (2018). Similar trend was 

obtained by Ahmed et al. (2021) and Li et al. (2017). 

Figures 4 shows that engine torques of 22.54, 20.05 

and 16.64 Nm were obtained at engine loads of 0, 

50, and 100%, respectively. There was a marginal 

difference in the values of torque obtained for the 

three blends considered in this study. The maximum 

value of 22.54 Nm was obtained for pure gasoline 

while a value of 22.51 Nm was obtained for the 

optimum blend which is a reduction of 0.13%.  This 

decrease may be due to the lower heating values and 

higher viscosity of alcohol-gasoline blends. The 

results obtained are in agreement with the findings 

of Karagoz et al. (2021). 

It can be seen from Figure 5 that a maximum 

thermal efficiency of 41.1% was obtained for 

optimum blend and a value of 40.2% was obtained 

for pure gasoline at engine speed of 3000 rpm and 

engine load of 100%. This implies that the thermal 

efficiency of the optimum blend increased slightly 

by 0.9% compared with that of pure gasoline.  The 

minimum value of 25.6% was obtained for pure 

gasoline. This was due to the oxygen content of 

alcohol fuels and their higher heat of vapourisation. 

The results obtained agreed and followed the same 

trend as those obtained by Ahmed et al. (2021) and 

Costa et al. (2021). 

Figures 6 and 7 show that engine vibration and 

engine noise increased with increase in both engine 

speed and engine load. The maximum engine 

vibration of 413 Hz and engine noise of 94 dB were 

obtained for optimum blend while a value of 403 Hz 

and 93 dB were obtained for pure gasoline at an 

engine speed of 3500 rpm and engine load of 100 %. 

This means that engine vibration and engine noise 

obtained for the optimum blend increased by 2.42% 

and 1.06%, respectively, compared to pure gasoline.  

This was due to the oxygen content and higher latent 

heat of evaporation of alcohol-gasoline blends 

which increased the rate of pressure rise (dp/dt)  and 

peak pressure values in the engine cylinder during 

the combustion process. These results are in 

agreement with the findings of Elshenawy et al. 

(2023) and Lius et al. (2023). 

The effect of engine speed and engine load on the 

performance characteristics (seven performance 

parameters and three exhaust gas emission 

parameters) of the DISI engine was evaluated. The 

models developed (given by equations 8-14), in 

which six are quadratic and one is linear, are in 

terms of coded factors. The quality of the models 

developed was evaluated based on statistical 

methods and experimentation. 

BSFC=250.52𝐴 + 22.72𝐵 − 0.2351𝐴𝐵 +

11.58𝐴2 − 0.62𝐵2                 8 

BP=5.18 + 0.0989 𝐴 + 1.92 𝐵 − 0.0009𝐴𝐵 −

0.2822𝐴2 − 0.7872𝐵2                                     9 

EGT=670.76 + 20.47𝐴 + 222.14𝐵 −

0.9574𝐴𝐵 + 3.86𝐴2 − 111.14𝐵2                   10 

Torque=16.41 − 2.03𝐴 + 6.19𝐵 − 1.08𝐴𝐵 −

0.5453𝐴2 − 2.52𝐵2               11 

Thermal Efficiency =35.96 + 1.11𝐴 + 4.96𝐵 −

0.1872𝐴𝐵 − 3.24𝐴2 − 0.0915𝐵2                       12                      

 

Engine Vibration=35.92 + 15.38𝐴 + 58.55𝐵 −

2.57𝐴𝐵 − 2.57𝐴𝐵 − 1.38𝐴2 − 30.88𝐵2      13 
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Engine Noise = 80.59 + 3.78𝐴 + 9.45𝐵          14 

Where A is the engine speed and B the engine load  

Quadratic models were obtained for BSFC, BP and 

EGT with R2 values of 0.9987, 0.9999 and 0.9999,  

respectively (Table 1). The predicted R2 values of 

0.9859, 0.9994 and 0.9990 for these parameters are 

in agreement with their corresponding adjusted R2 

values of 0.9974, 0.9998 and 0.9997, since the 

difference between adjusted R2 and predicted R2 is 

less than 0.2.  High Adeq. Precision values of 

80.327, 254.3910 and 192.1021 which are greater 

than 4 for BSFC, BP and EGT, respectively imply 

that the signal is adequate and the developed model 

can be used to navigate the design space. The low 

values of C.V. and standard deviation mean the 

model is accurate and can be used for the prediction 

of these parameters. 

Table 1 shows that quadratic models are suggested 

for torque, thermal efficiency and engine vibration 

while the linear model is suggested for engine noise 

with R2 values of 0.9988, 0.9921, 0.9978 and 

0.9944, respectively. The high R2 value indicates 

that the data fits the regression model very well. 

Their predicted R2 values are in reasonable 

agreement with their corresponding adjusted R2 

values since the difference between them is less than 

0.2. The Adeq. Precision values that measure the 

signal-to-noise ratio for these parameters which are 

far greater than 4 indicate that the signal is adequate 

and the model is reliable. The low values of C.V. 

and standard deviation obtained for these 

parameters imply that the models are accurate.  

 

Table 1: RSM model summary statistics and Analyses of Variance (ANOVA) for the performance 

parameter of DISI Engine 

 

Properties BSFC BP EGT Torque Thermal  

Efficiency 

Engine  

Vibration 

Engine  

Noise 

Model Quadratic Quadratic Quadratic Quadratic Quadratic Quadratic Linear 

R2 0.9987 0.9999 0.9999 0.9988 0.9921 0.9978 0.9944 

Adj-R2 0.9974 0.9998 0.9997 0.9975 0.9842 0.9956 0.9930 

Pred R2 0.9859 0.9994 0.9990 0.9915 0.9436 0.9815 0.9879 

Adeq 

Precision 

80.327 254.3910 192.1021 77.2157 30.1246 49.9818 63.2527 

C.V. 0.3958 0.5569 0.6269 2.18 2.01 1.20 1.02 

F- Value 781.40 12996.83 7763.55 811.00 125.49 453.54 707.38 

P- Value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
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Figure 1: Effect of engine speed on BSFC for different blend ratios 

 

Figure 2: Effect of engine speed on BP for different blend ratios 

 

Figure 3: Effect of engine speed on EGT for different blend ratios 
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           Figure 4: Effect of engine speed on torque for different blend ratios 

 

Figure 5: Effect of engine speed on thermal efficiency for different blend ratios

 

Figure 6: Effect of engine speed on engine vibration for different blend ratios 
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Figure 7: Effect of engine speed on engine noise for different blend ratios 

 

 CONCLUSIONS 

The performance of Direct Injection Spark Ignition 

(DISI) engines fuelled with alcohol-gasoline blends 

has been evaluated. This study has demonstrated the 

potential of alcohol-based fuels to improve engine 

efficiency, reduce fuel consumption, and enhance 

power output. Models to predict the performance 

parameters of alcohol-gasoline blends were 

developed. The model summary statistics and 

ANOVA showed that all the models and model 

terms are significant, indicating their suitability to 

navigate the design space. 

There was a marginal difference in the performance 

parameters obtained from a DISI engine fueled with 

pure gasoline and alcohol-gasoline blends. There 

was a 1.89% increase in BSFC for the optimum 

blend compared with pure gasoline while the 

thermal efficiency of the optimum blend was higher 

than that of pure gasoline by 0.9%. The optimum 

values of several performance parameters were 

obtained at 3000 rpm. 
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