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 This paper investigates the effect of unleaded gasoline– anhydrous ethanol blends on a 

motorcycle powered by an air cooled single cylinder spark ignition engine under rapid 

throttling. Neat gasoline, E5, E10 and E15 blends were tested without any 
modifications in test vehicle. Performance tests were conducted in a two-wheeler 

chassis dynamometer for power, top vehicle speed in each gear and response behaviour. 

Maximum vehicle speed was achieved in top gear within fifteen seconds from starting 
by rapid acceleration through each gear, as it is followed in a racing motorcycle. The 

results showed that with no modifications in the engine, blending unleaded gasoline 

with ethanol decreases brake power. E5 and E10 blends showed comparable 
performance to that of neat gasoline whereas E15 showed slow response during 

acceleration and noticeable fluctuations in engine speed and reduction in top speed of 

the vehicle.  
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INTRODUCTION 

 

 The motorized two-wheeler market has been 

expanding rapidly, particularly in the urbanized areas 

of Asia. About 90 percent of world two-wheeler sale 

is recorded in Asia. Though, car ownership may be 

on the rise, it is two-wheelers that are leading the 

process of mass motorization as millions of people in 

Asia’s growing middle class are able to afford an 

entry-level two-wheeler (UNEP 2014). India has the 

second largest motorized two-wheeler market in the 

world, behind china (ICRA 2014) and this market 

share continues to grow as India continues to 

urbanize rapidly. Among whole vehicle sales in India 

from 2007 to 2013, two-wheelers constitute more 

than 70 percent of total vehicles since 2011 (SIAM 

2014). Taking two wheeler population in India into 

account, a motorcycle was chosen for the current 

work.  

 Ethanol was the first fuel among the alcohols to 

be used to power vehicles in the 1880s. Presently, 

ethanol is prospective material for use in automobiles 

as an alternative to petroleum based fuels. The main 

reason for advocating ethanol is that it can be 

manufactured from natural products or waste 

materials, compared with gasoline, which is 

produced from non-renewable natural resources. In 

addition, ethanol shows good anti-knock 

characteristics. However, economic reasons still limit 

its usage on a large scale. At the present time, instead 

of pure ethanol, a blend of ethanol and gasoline is a 

more attractive fuel with good anti-knock 

characteristics (Tangka et al., 2011). Major 

emissions from S.I. Engine (CO, HC and NOx) are 

reduced with ethanol blends due to additional oxygen 

in ethanol structure and lower combustion 

temperature. The properties of neat gasoline and neat 

ethanol are listed in Table 1. Considering the 

advantages of ethanol over gasoline, gasoline-ethanol 

blends were chosen for the current work as finding 

alternative option for neat gasoline is need of the 

hour.  

 The following section describes a brief overview 

of literatures on gasoline-ethanol blends in spark 

ignition engines. Al-Hasan (2003) investigated the 

performance and emissions of a 4-cylinder liquid 

cooled 1452 cm
3
 engine with different gasoline-

ethanol blends (E5 to E25 i.e., 5 to 25% of ethanol in 

the blend by volume), without any modifications. It 

was found that ethanol addition results in an 

improvement in brake power, brake thermal 

efficiency, volumetric efficiency and fuel 

consumption by about 8.3%, 9.0%, 7% and 5.7%, on 

an average, respectively. Of all blends, E20 was 

found to give the best results. Wu et al. (2004) 

experimentally studied the effect of air-fuel ratio on 



511                                                         Samuel Raja, A. and Valan Arasu, A., 2015 

Australian Journal of Basic and Applied Sciences, 9(20) June 2015, Pages: 510-517 

performance and emissions of a 4-cylinder, 1600cm
3
, 

water cooled engine fuelled with different ethanol–

gasoline-blends (E5 to E30). It was shown that 

torque output would increase slightly at small throttle 

valve opening. From the experimental data, the 

optimal ethanol content in the gasoline was found to 

be 10%. Similar experimental results have been 

reported (Yuksel and Yuksel, 2004) for a 4-cylinder, 

1668 cm
3
, water cooled engine with modifications in 

carburetor, in 1500 – 4000 rpm speed range, with 

E60 blend as a fuel. 

 

Table 1: Property comparison of neat gasoline and neat ethanol. 

Property Gasoline (E0) Ethanol (E100) 

Chemical Formula (liquid) C5 – C12 C2H5OH 

Molecular weight (kg / kmol) 114.15 46.07 

Density at 15°C (kg/m3) 750 - 765 785 – 809.9 

Carbon fraction (mass %) 87.4 52.2 

Oxygen fraction (mass %) 0 34.7 

Hydrogen fraction (mass %) 12.6 13.0 

Stoichiometric air–fuel ratio (w/w) 14.2 – 15.1 8.97 

Kinematic viscosity (mm2/s) 0.5 – 0.6 1.2 – 1.5 

Reid vapour pressure at 38.7 °C (kPa) 53 - 60 17 

Research Octane Number 91 - 100 108.61 - 110 

Motor Octane Number 82 – 92 92 

Higher Heating Value (MJ/kg) 47.3 29.7 

Lower Heating Value (MJ/kg) 44 26.9 

Latent heat of vaporization (kJ/kg) 380 - 400 900 -920 

Specific heat - Liquid (kJ/kg K) 2.4 1.7 

Specific heat - Vapour (kJ/kg K) 2.5 1.93 

Freezing point (°C) -40 -114 

Boiling point (°C) 27 - 225 78 

Flash point (°C) -45 to -13 12 – 20 

Auto ignition temperature (°C) 257 425 

Laminar flame speed (cm/s) ~ 33 ~ 39 

Solubility in water (%) 0 100 

 

 Bayraktar (2005) investigated the use of 

gasoline-ethanol blends in a single-cylinder, four-

stroke, water-cooled, variable compression engine of 

763 cm
3
 engine capacity, experimentally and 

theoretically. From experiments conducted at full-

throttle at 1500 rpm, most suitable blend for SI 

engines was found to be E7.5 without any 

modification in any of the engine systems, whereas 

theoretical analysis showed E16.5 as an optimum 

fuel for the experimental conditions.  

 Yucesu et al. (2006) conducted performance 

tests at 2000, 3500 and 5000 rpm at MBT (Maximum 

Brake Torque timing) and at full open throttle 

(WOT). The test fuels were gasoline (E0) and four 

gasoline-ethanol blends (E10, E20, E40 and E60). 

Experiments were performed at six different 

compression ratios ranging from 8:1 to 13:1. It was 

found that the ethanol percentage above 10% results 

in a decrease of maximum pressure to a value even 

lower than E0’s pressure. Topgul et al. (2006) 

investigated the effects of ignition timing on engine 

performance of a variable compression ratio (8:1 to 

10:1) engine fuelled with ethanol–unleaded gasoline 

blends (E10, E20, E40 and E60). It was shown that 

blending unleaded gasoline with ethanol increased 

the brake torque when ignition timing was retarded.   

 Koc et al. (2009) conducted experiments in a 

single cylinder engine fuelled with E0, E50 and E85 

at 1500-5000 rpm speed range and 70° BTDC - 20° 

BTDC ignition timing range. Experiments were 

conducted at MBT timings for all fuels with 10:1 and 

11:1 compression ratios, with no modification in fuel 

system. Torque with blended fuels (E50 and E85) 

were found to be higher than that of base gasoline 

(E0) in the chosen speed range. Eyidogan et al. 

(2010) studied the effects of ethanol–gasoline (E5, 

E10) and methanol–gasoline (M5, M10) fuel blends 

on the performance and combustion characteristics of 

a spark ignition (SI) engine.  In the experiments, a 

vehicle having a four-cylinder, four-stroke, multi-

point injection system SI engine was used. The tests 

were performed on a chassis dynamometer while 

running the vehicle at two different vehicle speeds 

(80 km/h and 100 km/h), and four different wheel 

powers (5, 10, 15, and 20 kW). The results indicated 

that when alcohol–gasoline fuel blends were used, 

cylinder gas pressure started to rise later than 

gasoline fuel. Almost in the all test conditions, peak 

heat release rate was lower with gasoline. 

 Motlagh and Razavi (2014) simulated models 

for performance and emissions with gasoline-ethanol 

blends (E0 to E30) for a 4-cylinder 1761 cm
3
 liquid 

cooled MPFI engine at full load in 2000-3000 rpm 

engine speed range. Based on engine performance, 

the most suitable fraction of ethanol in the blend was 

found to be nearly 15%.   

 Number of researchers have carried out 

experiments with ethanol-gasoline blends under 

different operating conditions in different engines 

without or with modifications. Generally, gasoline-

ethanol blends with lower ethanol (less than 20% 

v/v) have shown equivalent or better performance 

compared to neat gasoline with no modifications in 

the engine, under steady state loading conditions. 
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 Literature on full-throttle behaviour of water 

cooled passenger car engines with gasoline-ethanol 

blends is adequate whereas literature on motorcycle 

engine is a few. Conventionally, experiments are 

done by loading the engine with engine 

dynamometer under steady-state which is different 

from un-steady on road riding conditions. As 

regulated emissions are reported to be lower for 

gasoline-ethanol blends and amateur and professional 

competition vehicles are exempted from emission 

standards (EPA 2002), the present study focuses only 

on performance. The effect of ethanol-gasoline 

blends on performance of a motorcycle engine under 

racing conditions is missing in the literature and the 

current work is aimed to fill this gap. The primary 

objective of this work is to find the effect of E0, E5, 

E10 and E15 fuels under rapid wide open throttle 

conditions on engine response, peak power and top 

speed of the motorcycle with no modifications. 

 

1. Experimental Set-Up And Procedure: 

 The test motorcycle was mounted in the 

dynamometer and was allowed to idle for 5 minutes. 

As it is done on road, engine speed was gradually 

increased and first gear was engaged. Sudden full 

throttling was given to achieve maximum vehicle 

speed in first gear. The same procedure was repeated 

in each gear. The specifications of the chassis 

dynamometer, test motorcycle and engine are given 

in Table 2, Table 3 and Table 4 respectively. 

 
Table 2: Chassis dynamometer specification. 

Make and version Sport Dyno, SP-1 V3.3 

Diameter of roller 325 mm 

Roller Inertia 4.6 kg m2 

Number of teeth in the roller 110 

Maximum vehicle speed 300 km/h 

Maximum engine speed 20000 rpm 

Roller speed sensor Hall effect active sensor 

Maximum test duration 1.7 minutes 

   
 During each gear shifting, clutch was 
disengaged and engaged in coordination with 
deceleration and acceleration of engine speed. After 
achieving maximum vehicle speed in fifth gear, 
sudden de-throttling was done, with disengagement 
of clutch, till the engine reaches idling speed. Full-
throttling at each gear till fifth gear was completed 

within fifteen seconds and the entire test duration 
was about forty seconds. The test motorcycle was 
driven by a rider of 75 kg mass, without any 
additional load from eddy current dynamometer 
coupled with the roller. Schematic diagram of chassis 
dynamometer set-up is shown in Fig.1. 

 
Table 3: Specification of test motorcycle. 

Wheel base 1320 mm 

Overall Length 2000 mm 

Overall Width 790 mm 

Overall Height 1056 mm 

Ground clearance 155 mm 

Kerb weight 134 kg 

Time for acceleration 
from 0 to 90 km/h 

16.14 sec 

Top speed (with single rider) 120 km/h 

Braking (from 60 to 0 km/h) 19.13 m in 3.4 sec 

Gear ratios Primary 3.473 : 1 

First gear 2.769 : 1 

Second gear 1.882 : 1 

Third gear 1.380 : 1 

Fourth gear 1.083 : 1 

Fifth gear– 0.923 : 1 

Final drive 2.8 : 1 

Front tyre size 2.75 x 18, 42 P 

Rear tyre size 3.00 x 18, 4/6 PR 

 
Table 4: Engine specification. 

Engine Type Four-stroke, Air cooled, single cylinder, SI Engine 

Bore x Stroke 58 mm x 56.4 mm 

Maximum power 9.86 kW @ 8500 rpm 

Maximum Torque 11.68 Nm @ 6500 rpm 

Compression ratio 9.5 ± 0.5 :1 

Fuel supply system Constant Vacuum carburetor 

Fuel unleaded gasoline + anhydrous ethanol 

Idling speed 1400 ± 50 rpm 

Valve timing Intake opens 12.1° CA before TDC 

Intake closes 55.5° CA after BDC 

Exhaust opens 36.5° CA before BDC 

Exhaust closes 14.1° CA after TDC 

Spark timing 9.1° CA before TDC ( at idling speed) 
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Fig. 1: Schematic layout of chassis dynamometer set-up. 

 

 A separate test can was used to supply fuel to 

carburetor during each test. Each blend was prepared 

just before the start of the experiment to avoid 

formation of water vapour in the blend. After the 

completion of each test, the remaining fuel left out in 

the carburetor was removed and it was ensured no 

fuel was left for starting the engine. Tests were 

conducted at an interval of 12 hours to ensure 

sufficient cooling of the engine and three tests were 

conducted with each blend to confirm the 

repeatability of measurements. 

 

RESULTS AND DISCUSSION 

 

1.1. Vehicle Speed vs. Engine Speed: 

 A driving cycle similar to a racing pattern was 

designed to follow during each test. The variation in 

vehicle speed with engine speed in each gear, for 

neat gasoline is shown in Fig.2 and similar pattern 

was followed for other fuels as well. The overlapped 

variations of all fuels are shown in Fig.3. In the 

above graphs, vehicle speed is in km/h and engine 

speed is in rpm. 

 E5 and E10 blends behaved almost equivalent to 

E0, except small differences in maximum engine 

speeds at first gear. But, E15 clearly showed 

difficulty in achieving maximum engine speeds in 

almost all gears. Fast throttling at the specified rate 

resulted in choking and engine stalling with E15. 

However, the results obtained with E15 at relatively 

slower throttling are given for comparison. 

 

1.2. Time vs. Engine Speed: 

 The curves relating time in seconds and engine 

speed are shown in Fig.4 and Fig.5 respectively for 

neat gasoline and all fuels. These graphs indicate 

how quickly acceleration and gear changing was 

done during each test.  

 E5 and E10 showed smooth variation in engine 

speed during acceleration and deceleration whereas 

fluctuations were observed with E15 at full-throttle 

in fifth gear. This is attributed to misfiring with 

higher amount of cold air-fuel mixtures with E15. 

This also reduced the top vehicle speed to 117 km/h 

whereas for E5 and E10, the top speed achieved was 

120 km/h as it was for neat gasoline. Moreover, top 

vehicle speed was achieved nearly at fourteen 

seconds whereas for E15, it was achieved only at 19 

seconds. Faster acceleration than this rate resulted in 

temporary stalling and power drop.   
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Fig. 2: Vehicle speed vs. Engine speed for neat gasoline. 

 

 
 

Fig. 3: Vehicle speed vs. Engine speed for all fuels. 

 

 
 

Fig. 4: Time vs. Engine speed for neat gasoline. 
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Fig. 5: Time vs. Engine speed for all blends. 

 

1.3. Vehicle Speed Vs. Engine Brake Power: 

 The variations between vehicle speed and engine 

brake power in kW are shown in Fig.6 and Fig.7 

respectively for neat gasoline and all fuels. There 

was reduction in maximum power for blends 

compared to neat gasoline. Maximum brake power of 

9.667 kW occurred at an engine speed of 8414 rpm 

for neat gasoline. For E5, E10 and E15, the engine 

developed maximum power of 8.704 kW, 8.586 kW 

and 5.925 kW at engine speed of 8269 rpm, 8319 

rpm and 7980 rpm respectively. The drop in brake 

power may be attributed to lower heating value of the 

blends compared to neat gasoline (Heywood, 1988). 

These data show that there is considerable drop in 

maximum power for E15, with no modifications in 

the engine.  

 The reason for drop in power and fluctuation in 

engine speed for E15 blend can be explained as 

follows. At wide open throttle due to higher swirl 

ratio, flame development period tends to increase. 

This flame stretch leads to unsteady burning and 

flame quench. Higher swirl ratio also leads to loss in 

volumetric efficiency due to higher heat transfer 

from the combustion chamber surface to the 

incoming air-fuel mixture which leads to longer 

flame development period (Rameshkumar and 

Nagarajan, 2012). In the current experiment, this 

effect seems to be dominant with E15 blend as E15 

has higher tendency for flame quenching because of 

higher latent heat of vapourization compared to other 

blends. 

 

 
 

Fig. 6: Vehicle speed vs. Engine power for neat gasoline. 
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Fig. 7: Vehicle speed vs. Engine power for all blends. 

 

4. Conclusion: 

 Gasoline-ethanol blends (E5, E10 and E15) were 

tested in a motorcycle under rapid full-throttling in a 

two wheeler chassis dynamometer, without any 

modification in the engine or vehicle. The following 

conclusions are derived from the results. 

 Blends up to E10 showed smooth and 

satisfactory engine operation and E15 blend resulted 

in choking and stalling at wide open throttle in top 

gear. E15 showed slow response in full-throttling at 

low gears and however, the differences between E15 

and other blends were small at higher gears.  

 Among the blends, E5 and E10 were closer to 

neat gasoline with regard to response time, power 

output and top speed of the motorcycle. 

 Fluctuations in engine speed were observed with 

E15 at full-throttling in top gear. Top speed of the 

motorcycle reduced by 3 km/h.   

 It is concluded that, as E5 and E10 blends show 

equivalent performance characteristics compared to 

neat gasoline in on road full-throttle conditions, they 

can be used as substitute fuels for neat gasoline in 

motorcycle engine with no modifications. And the 

results of this work authenticate the 

recommendations of Indian Government (E-Release, 

2003) on ethanol blended petrol in various states of 

India. 
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