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1. Introduction – Automotive engines are facing the rigorous regulation legislations ratified on

restricting the hazardous emissions issued from internal combustion engines [1]. One of the challenges is

to apply alternative fuels with different physiochemical features. For example, ethanol is a commonly used

fuel either as a pure replacement or in blended form. Ethanol is recognized as an alternative and renewable

power source with oxygen in its structure that demands lower oxygen to burned compared to gasoline [2].

Ethanol typically is produced by hydrolyze and fermentation of cellulose and starch [3-5]. In recent years,

the nanotechnology has made its way in industrial centers such as engines through fuel synthesis. The nano-

scaled particles with oxidation and catalytic properties enhance the thermal efficiency during combustion

thanks to enlarging the surface area to volume ratio. Sukhtesaraee et al. [6, 7] have used silver nano-

particles and CeO2 nano-particles in blend with diesel and the outcome showed that in case of metallic 

silver, they can increase the heat transfer and shortening the ignition delay that led to CO and NOx reduction 

by 20.5% and 13%. However, with CeO2 presence, the CO emission was conversely increased, although 

no perceptible change happened in fuel consumption by addition of this nano-particle. More recently, 

several reports of nano additive blend with water emulsions can be found in literature. Ettefaghi et al. [8] 

performed an investigation on Bio-Nano emulsion to improve the engine performance and reduce emission, 

so they conducted the experiment with diesel-biodiesel-waterbiodegradeble nanoparticle. They proved that 

by using B15 fuel containing 5% water and 60 ppm carbon quantum dots a 21% increase of engine power 

can be obtained compared to B15 fuel.Amerabedi et al.[9] studied the effects of manganese oxide nano-

particle application in SI engine fuelled with th mixture of ethanol and gasoline. The blends are prepared 

in three emulsions namely gasoline-10%ethanol, gasoline- 

10%ethanol-10ppmMn2O3, and gasoline-10%ethanol-20ppmMn2O3.

In current study, the experimental test has been performed on EF7 SI engine while the emission 

concentration is measured through AVL gas analyzer. The tests samples are taken in four different blends 

to determine the effect of Dimethyl Ether and nano-particle addition separately. These blends are pure 

gasoline (baseline gasoline), gasoline with 10% vol. Dimethyl Ether replaced with basic gasoline 

(symbolized with gasoline-10% Dimethyl ether), gasoline with 10% vol. Dimethyl Ether plus 10 ppm nano-

paricle (symbolized gasoline-10% Dimethyl ether -10ppm Fe2O3), and gasoline with 10% Dimethyl ether 

replacement plus 20 ppm nano addition (symbolized with gasoline-10% Dimethyl ether 20ppm Fe2O3).   

2. Experimental - If necessary, there will be a section dedicated to the experimental part, where the

teams and means used on the work’s development will be briefly described. The EF7 (as national

automotive engine) 4-stroke, water-cooled, 4-cylinder engine is utilized to test the blended fuels in SI,
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gasoline engine. The engine characteristics are fully divulged in Table 2. Experimental investigations were 

conducted as per experimental design for data collection, as given in Table 3  

Table 2. Specification of EF7 SI engine 

Description Data 

Displacement  1650cm3  
Number of cylinders and valves 4 cylinder- 16 valve  

Power (per h.p. and kW)  84kw @ 6000rpm = 112.64 hp  
Torque (N.m)  156 (N.M) @3500-4500 rpm  
Baseline fuel  Unleaded gasoline with 95 octane number 

Combustion chamber volume  36.2 ± 0.5 cm^ 3  
Stroke  85 (mm)  
Bore  78.6 (0.01 +0.)  

Stroke/bore ratio  0.916  
Compression ratio  11 ± 0.2:1  
Injection system  Multipoint sequential injector injection  

Table 3. Experimental design for data collection 

In order to measure the power and torque of the engine, it has been incorporated to 191 eddy current 

dynamometer. The 190 kW eddy current dynamometer is absorption type that is applied for almost every 

kind of passenger car and this dynamometer is coupled to EF7 engine equipped in Urmia University engine 

lab. The dynamometer is composed of two major parts: rotor and central shaft that is connected to engine 

by couplings and the next component is stator and the casing that is absolutely suspended, which is 

connected via arm to force-meter. The product of measured force in the arm length gives the engine torque. 

During installation, a meticulous attention is made to make sure the alignment of engine and dynamometer 

by adopting accurate measuring tools so that overload by shaft eccentricity on the ball bearings is 

avoided.After dynamometer-engine coupling, the experimental tests on desired blended fuels with Fe2O3 

can be performed. In Fig. 3 engine setup and the coupling process to dynamometer is illustrated.  

Mode of operation System components Designationof operation Engine operation 

Gasoline Fuel: 100% standard gasoline Baseline  Speed:2800 rpm, Full load, Torque test 

0,25,50,75, 100N.m 

Dual fuel   Primary: Dimethyl ether  10%: 

gasoline  
Dual Fuel  1   Speed:2800 rpm, Full load, Torque 

0,25,50,75, 100N.m 

Dual fuel and nano 

add.  
Primary: Dimethyl ether  10%: 10 ppm 

nano Fe2O3: gasoline  
Dual Fuel 2    Speed:2800 rpm, Full load, Torque 

0,25,50,75, 100N.m 

Dual fuel and nano 

add.  
Primary: Dimethyl ether  10%: 20 ppm 

nano  Fe2O3: gasoline  
Dual Fuel 3    Speed:2800 rpm, Full load, Torque 

0,25,50,75, 100N.m 
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Fig. 1 Schematic of engine setup 

For measurement of the engine out emissions from the engine the AVL gas analyzer is used to analyze the 

exhaust gas. After each stage of test, the calibration is implemented.   

3. Results and Discussion - In current research, the performance analytics of fuels including baseline

gasoline, blended Dimethyl ether and gasoline, and blended gasoline, Dimethyl ether, and nano-catalyst

metal oxides has been addressed. For stability of performance and emission parameters during experimental

tests, the water and oil temperatures must reach to engine operational condition at 90 °C and to this end, the

engine runs at 2500 rpm engine speed for almost 10-15 min in order to let different machine segments

stabilized. The tests have been implemented at full load, 2800 rpm engine speed with torques ranging 0-

100 N.m.
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Fig. 5 The effect of Dimethyl Ether, gasoline-10% Dimethyl Ether,  

gasoline-10% Dimethyl Ether -10ppm Fe2O3, gasoline-10% Dimethyl Ether Fig. 4 The effect of Dimethyl Ether, gasoline-10% Dimethyl Ether,  

20ppm Fe2O3 application on UHC emission 

gasoline-10% Dimethyl Ether -10ppm Fe2O3, gasoline-10% Dimethyl Ether – 

20ppm Fe2O3 application on UHC emission 

Fig. 7 The effect of Dimethyl Ether, gasoline-10% Dimethyl Ether,  

Fig. 6 The effect of Dimethyl Ether, gasoline-10% Dimethyl Ether,   gasoline-10% Dimethyl Ether -10ppm Fe2O3, gasoline-10% Dimethyl Ether gasoline-10% 

Dimethyl Ether -10ppm Fe2O3, gasoline-10% Dimethyl Ether   20ppm Fe2O3 application on UHC emission -20ppm Fe2O3 application on UHC emission 

Dimethyl ether addition to gasoline fuel increases the engine power. This can be attributed to hydroxyl 

radical presence in the Dimethyl ether composition, which contributes to a complete combustion 

consummation. The extra oxygen in molecular structure causes the more chemical energy release as a result 

of fuel burning that will be converted to thermal energy, therefore we witness increased power and engine 

torque with blended gasoline- Dimethyl ether powered engine. In the meantime, addition of metallic nano-

catalyst plays a catalytic role in oxidation process. The metallic oxides act as oxygen storage and the added 

Fig. 2   The effect of Dimethyl Ether, gasoline - 10 % Dimethyl Ether, gasoline - 
% Dimethyl  10 Ether  - ppm Fe2O3, gasoline 10 - % Dimethyl Ether  10 - ppm20  

Fe2O3 application on power output 

Fig.  3   The effect of Dimethyl Ether, gasoline - % Dimet 10 hyl Ether, 
gasoline - % Dimethyl Ether  10 - ppm Fe2O3, gasoline 10 - % Dimethyl Ether  10 -

ppm Fe2O3 application on power output20  
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catalysts to fuel may induce the complete hydrocarbon oxidation as a result the outlet gases contain lower 

hazardous emissions.  As shown in fig.2 when the engine runs with gasoline10% Dimethyl Ether, gasoline-

10% Dimethyl ether -10ppm Fe2O3 and 10% Dimethyl ether 20ppm Fe2O3, the engine power increases in 

comparison to that of baseline gasoline fueled engine.  Fig.3 illustrate that the BSFC decreases because of 

increases of power and decreases of fuel consumption.   Also, it is clear from other figs 4-7 that the 

emissions can be reduced by using Fe2O3 nano particles in the fuel mixtures.  

4. Conclusions - An experimental study is performed on a SI engine (EF7 type). To make the blended fuel

of nano-additive uniform and the tests credible, the ultrasonic cleaner machine is applied. The engine is

powered by baseline gasoline, gasoline-10% Dimethyl Ether, gasoline-10% Dimethyl Ether 10ppmFe2O3,

gasoline-10% Dimethyl Ether -20ppmFe2O3 blends and the results are summarized below:  I. The BP is

increased by 5.22% with gasoline-10% Dimethyl Ether, 9.04% with gasoline-10% Dimethyl Ether -

10ppmFe2O3, and 13.93% with gasoline-10% Dimethyl Ether -20ppmFe2O3 compared to baseline gasoline

at full-load and 2800 rpm. The better engine-out power is attributed to oxidative nature of nano-particle and

hence better combustion.

II. The BSFC of engine is increased 28.24% with Dimethyl Ether addition, while it is decreased to

5.19% and 11.08% by adding 10 ppm and 20 ppm nano-oxides to blend of gasoline- Dimethyl

Ether. The least BSFC goes to gasoline-10% Dimethyl Ether -20ppmFe2O3 at 50 N.m torque 

under running condition.  

III. The CO emission can be reduced as much as 4.59%, 14.13%, and 19.58% with respect to baseline

gasoline by application of gasoline-10% Dimethyl Ether, gasoline-10% Dimethyl Ether -

10ppmFe2O3, and gasoline-10% Dimethyl Ether -20ppmFe2O3, respectively.

IV. The UHC decreases over 33.12% by gasoline-10% Dimethyl Ether blend while further reduction

of 41.72% and 49.89% can be achieved by nano-catalyst in gasoline-10% Dimethyl Ether

10ppmFe2O3 and gasoline-10% Dimethyl Ether -20ppmFe2O3 blends. This is explained by

catalystic activity of nano-particles in oxidation of unburned hydrocarbons, as a result the UHC

content is reduced significantly in the exhaust manifold.

V. The NOx concentration is increased by gasoline-10% Dimethyl Ether, however, this emission is

suddenly reduced when nano is introduced to blend. It is seen that 23.43% and 32.34% reduction

of NOx can be obtained with gasoline-10% Dimethyl Ether -10ppmFe2O3 and gasoline-10%e

Dimethyl Ether -20ppmFe2O3, respectively.

5. References

[1] Li, Y., Chen, Y., Wu, G. and Liu, J., 2018. Experimental evaluation of water-containing

isopropanoln-butanol-ethanol and gasoline blend as a fuel candidate in spark-ignition engine. Applied

Energy, 219, pp.42-52.

[2] Hansen, A.C., Zhang, Q. and Lyne, P.W., 2005. Ethanol–diesel fuel blends––a review. Bioresource

technology, 96(3), pp.277-285.

[3] Taherzadeh, M.J. and Karimi, K., 2007. Enzymatic-based hydrolysis processes for ethanol from

lignocellulosic materials: A review. BioResources, 2(4), pp.707-738.

[4] Moradi, F., Amiri, H., Soleimanian-Zad, S., Ehsani, M.R. and Karimi, K., 2013. Improvement of

acetone, butanol and ethanol production from rice straw by acid and alkaline pretreatments. Fuel, 112, pp.8-

13.

[5] Taghizadeh-Alisaraei, A. and Rezaei-Asl, A., 2016. The effect of added ethanol to diesel fuel on

performance, vibration, combustion and knocking of a CI engine. Fuel, 185, pp.718-733.

[6] Saraee, H.S., Jafarmadar, S., Taghavifar, H. and Ashrafi, S.J., 2015. Reduction of emissions and

fuel consumption in a compression ignition engine using nanoparticles. International journal of

environmental science and technology, 12(7), pp.2245-2252.

[7] Saraee, H.S., Taghavifar, H. and Jafarmadar, S., 2017. Experimental and numerical consideration

of the effect of CeO2 nanoparticles on diesel engine performance and exhaust emission with the aid of

artificial neural network. Applied Thermal Engineering, 113, pp.663-672.

GEET-19, Paris, 24-26 July 2019 Pag. 57




