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ABSTRACT

Article history:

Nowadays, decreasing sources of petroleum fuel has led to innovation of other resources. Alternative fuel can be produced from
biomass such as alcohol. In this work, an experimental study on the feasibility and the effects of using Diesel-ethanol and Diesel-
methanol blends as alternative fuel for Diesel engine was carried out. Pure Diesel, Diesel-ethanol, D95E5, D90OE10 and D85E15 as
well as Diesel-methanol, D95M5, D90OM10 and D85M15 on Farymann four stroke monocylinder Diesel engine performances was
completed. The engine was tested at full load with engine speed ranged from 700 to 3000 tr/min. The effects of ethanol and
methanol fraction on diesel engine power, torque, brake specific fuel consumption (BSFC), brake thermal efficiency and exhaust
temperature were experimentally investigated. The results showed that mixing ethanol and methanol at different fractions with
Diesel fuel have a significant effect on the engine performance, as well as the nature of alcohol, which constitutes a combustion
catalyst. Fuel mixtures, D85E15 and D85M15 have the highest improvement rates compared to pure Diesel and other examined
fuel mixtures. It has been shown, that, the lowest BSFC than that of pure Diesel, which is an advantage for our proposed fuels, is
recorded with D95E5 and D95MS5 blends. The different mixtures provide higher exhaust gas and outlet temperature of the coolant
proportional to the mixing ratio, which explains why the addition of biofuel improves the calorific value of the fuel. The combustion
of the different mixtures increases the outlet temperature of the coolant in proportion to the mixing rates.
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1. Introduction

The increase in fuel consumption and the unstable rates of their prices have direct impacts on
consumers and cause them to suffer various problems, which has triggered a great attraction towards
alternative and low-cost biofuels. Excessive fossil fuel consumption has led to a reduction in
underground carbon resources. The search for alternative fuels, which promise a harmonious

*Corresponding author
Email address: m.beriache@gmail.com

https://doi.org/10.37934/arefmht.15.1.1427

14



Journal of Advanced Research in Experimental Fluid Mechanics
Volume 15, Issue 1 (2024) 14-27

correlation with sustainable development, energy conservation, efficiency and environmental
preservation, has become very pronounced nowadays. Fuels of biological origin can provide a
feasible solution to this problem. In addition, petrol and diesel cars are the main sources of
greenhouse gas emissions. In addition, the intensive use of crude oil has also increased air pollution
by exhaust emissions [1]. These vehicle exhaust emissions have dangerous effects on human health
[2-5]. Scientific research in recent years has explored several alternative energy resources, which
have the potential to meet the ever-increasing energy needs of today's consumers [6-9]. As a result,
several researches promote the use of methanol and ethanol as alternative fuels for internal
combustion engines due to their richness in oxygen to produce energy with less emissions. The use
of alcohols as additives to conventional combustion engine fuels improves thermal efficiency and
reduces CO and HC emissions [10]. Ethanol and methanol contain a high oxygen content compared
to pure diesel; thus, they improve the combustion process in the cylinder [11,12]. From the above,
we see that there is a need and motivation to explore the potential of using Diesel-Ethanol and Diesel-
Methanol blends in compression ignition (Cl) engines. This work aims to study by experimentation
the potential to improve the performance of the diesel engine running on this type of alcohol-based
blended fuels. The performance of an IC engine at different blending ratios of ethanol and methanol
with pure diesel was studied on a single-cylinder four-stroke diesel engine.

2. Properties of Biofuels and Preparation of Mixtures

Several oxygenated fuel additives that were used are methanol, ethanol, tertiary butyl alcohol
and tertiary butyl methyl ether [13,14]. According to Simeon lliev [14], the use of oxygen-containing
(oxygenated) alternative fuels is very important as an additive fuel as it can increase engine
performance and efficiency. Dasilva et al., [15], deduced that ethanol and methanol had a higher
octane number than diesel as well as gasoline. This allows ethanol-Diesel and methanol-Diesel blends
to have much higher compression ratios and increases thermal efficiency according to Thangavelu et
al., [16]. The blended fuels were obtained by mixing ethanol and then methanol with Algeria Diesel
fuel, which was obtained from a local gas station in Chlef. Ethanol and methanol were obtained from
the Process Engineering Laboratory at Chlef University. The mixtures were made in the ratios E5D95,
E10D90, E15D85, and M5D95, M10D90, M15D85 on a volumetric basis. For example, an E10D90
mixture contains 10% ethanol and 90% diesel fuel. Mixtures were made simply by pouring the two
fuels into a container of the correct proportions and mixing them until the mixture was
homogeneous. Table 1 below describes the fuel properties of ethanol and methanol compared to
pure diesel [13].

Table 1

Comparative properties of fuels
Properties Diesel Ethanol Methanol
Molecular formula C14-C3o0 C2HsOH CHsOH
Molecular weight - - 46 32
Oxygen Level (%) - - 34.7 49.9
Density (kg/m3) 845 785 792
Cetane number >50 108 111
Stoichiometric air/fuel ratio 14.96 9.0 6.47
Auto-ignition temperature (°C) 220 425 465
Lower calorific value (MJ/kg) 43.45 27.00 20.10
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This study was performed to test the performance of a Farymann P604 direct-injection air-cooled
four-stroke single-cylinder diesel engine. Table 2 presents the specifications of the engine used. The
engine is connected to a hydraulic dynamometer via a connection and the dynamometer relinquishes
the load on the engine to measure the braking power (Figure 1). The experimental study is carried
out using the different fuel mixtures prepared, for engine speeds ranging from 700 rpm to 3000 rpm
under constant engine load.

Table 2

Test Engine Specifications
Description Characteristics
Carburant P604
Fuel Diesel
No. of cylinders 1
Boron (mm) 95
Stroke (mm) 100
Cylinder capacity (cm?3) 708
Rated speed, rpm (max) 3,000
Volumetric ratio 21+1.5t01
Compression pressure (bar) 2510 30
Engine oil consumption 1.0 g/kWh

In the present study, different percentages of Diesel-ethanol and Diesel-methanol blends (0%,
5% 10% and 15%) were tested to study the effects of alcohol blends on diesel engine performance
(braking power, BSFC and BTE) without any modification on the original engine.

The main objectives were to address the problem of the depletion of fossil fuels and
consequently reduce their harmful effects in addition to the idea of using biofuels (ethanol and
methanol) as an alternative fuel less harmful to the environment. At the end of this research, the
results obtained were compared with those of the literature.

3. Materials and Methods

The engine was started for about 10 minutes as a warm-up period for the engine operation
stability to be reached. The fuel blending test then began with ethanol-Diesel blends, followed by
methanol-diesel blends. Pure Diesel is used after each fuel mixture use to clean traces of fuel
mixtures in the fuel lines. The engine was tested approximately 15 min for each mixing test with
engine speed in the range of 700 to 3000 rpm at full throttle.

Figure 1 shows the configuration of the experimental test bench. The motor is coupled to an eddy
current dynamometer (model Froude Hoffman AG150) with a maximum power of 150 kW to measure
the torque and power of the motor. A graduated burette and stopwatch are used to measure the
flow of fuel consumed. The temperatures of the fluids (exhaust gases, coolant, glycol water) are
measured by thermocouples, the coolant is measured by two mercury-based graduated
thermometers, the first measures the water temperature at the inlet and the second measures the
water temperature at the outlet. The intake air flow rate is measured by a flow meter based on the
air box method. The temperature of the exhaust gases is measured by a Testo 925 type thermometer.
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4. Performance Calculation

Braking power is used to indicate the power actually delivered by the engine. Braking power is
defined as follows [17]:

2nNT
P =
60000

(kW] (1)

With, N: engine speed (rpm)
T: engine torque (N.m)
engine

air consumption coolant temperatures tobetested dynamometer
inlet autlet

heat circulation pump fuel consumption MP-E unit
exchanger

coolant flow silencing chamber exhaust gas temperature state of the
ambient air

switch for the fan

Fig. 1. Experimental test bench

BSFC is the fuel consumption characteristic of an engine. It is expressed as fuel consumption in
kilograms of fuel per kilowatt-hour [18].

_mg
BCFC = 5 [~ (2)

With,
m : fuel mass flow (ﬁ)

B,: engine braking power (kW)

BTE is the ratio of braking power to input fuel thermal energy in appropriate units [9].
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Bp
CV.360

BTE =

[%] (3)

where,
By : engine braking power (kW)

CV: calorific value of the fuel [:—;]

5. Results and Discussion

This section includes the results of the experiment conducted on the Farymann P604 diesel
engine. The behaviour of blended fuels; Diesel, Diesel-Ethanol, D95E5, D9OE10 and D85E15 as well
as Diesel-Methanol, D95M5, D90M10 and D85M15 is shown in their relative graphs with discussion.

The results illustrate the engine torque, the braking torque, the useful power, the specific fuel
consumption, the braking thermal efficiency, the energy consumption specific to braking, the engine
coolant temperature and the exhaust gas temperature and finally the engine efficiency.

By virtue of the experimental results presented in Figure 2 and 3, for diesel-ethanol fuel mixtures
compared to pure diesel, the engine torque is higher than that in the case of pure diesel, the torque
increases with the increase in engine speed as well as with the rate of the diesel-ethanol mixture.
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Fig. 2. Engine torque versus engine rotational speed for different
Diesel-ethanol blends

For the braking torque shown in Figure 3, the improvement is less important but the trend is
maintained.
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Fig. 3. Braking torque for different Diesel-Ethanol blends

According to Figure 4, ethanol blends significantly improve engine power, i.e. power is a key
performance for any engine. In addition, this improvement follows the increase in the mixing rate.
This explains the high power of the D85E15 mixture compared to other low ethanol mixtures.

Conferring to the results in Figure 5, the specific consumption of brake fuel mixtures is much
higher than that of pure Diesel, which is a disadvantage for the proposed fuels and this may be due
to the engine originally designed to run on pure Diesel and the nature of ethanol, which is a
combustion catalyst. On the other hand, ethanol improves the rest of the engine's performance,
which is very appreciable. The lowest BSFC is recorded with the D95E5 blend. According to the
literature, this disadvantage can be overcome by adding certain additives.
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Fig. 4. Engine power versus rotation speed for different Diesel-
Ethanolblends
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Fig. 5. CSCF depending on engine speed for different Diesel-Ethanol
blends

According to the results of Figure 6, the increase in the temperature of the exhaust gases is all
the greater and proportional to the increase in the ethanol content of the mixture. The highest
exhaust gas temperature corresponds to the D85E15 mixture.

From the results presented in Figure 7, it is clear that the use of ethanol in this test led to better
thermal braking efficiency compared to other fuel mixtures. This is due to the complete combustion
resulting from the use of ethanol in the fuel mixture. It was found that increasing the ethanol level in
the Diesel engine is less beneficial at high speeds around 3000 rpm, as shown in Figure 7, adding
more than 10% ethanol does not further improve the thermal braking efficiency unlike pure Diesel.

According to the results presented in Figure 8, the use of ethanol in these tests led to a better
yield compared to that of pure Diesel with about 20% for the D85E15 mixture. Figure 8 clearly shows
the proportional increase between the engine efficiency and the engine speed as well as the
efficiency with the ethanol mixing rate. It is observed that for operating speeds above 2400 rpm, the
efficiency is delayed and this in relation to the mixing rate.
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Fig. 6. Exhaust Gas Temperature for Different Diesel-Ethanol Mixtures
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Fig. 7. Thermal braking efficiency for different Diesel-Ethanol blends
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Fig. 8. Engine efficiency based on different Diesel-Ethanol blends

The evolution of the engine torque with respect to the engine speed at different Diesel-methanol
mixing ratios is shown in Figure 9. It is well recorded that, the starting torque is high at low rpm, this
is due to the high starting resistance, but once it is overcome, the torque decreases then increases
with increasing engine rom. The experimental results obtained show that the rate of the methanol
mixture further improves the engine torque.
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Fig. 9. Torque as a function of engine speed for different Diesel-
Methanol blends

However, the trends in the results are the same. For pure diesel, the curve is fairly constant with
a difference between the maximum and minimum values. Meanwhile, mixing Diesel-methanol shows
anincrease in torque at higher speeds. However, at all engine speeds, Diesel-methanol blended fuels
in all ratios have a higher torque than pure Diesel fuel, which means that the use of methanol has

the potential to improve the performance of the Diesel engine.

For the braking torque shown in Figure 10, the improvement is less important but the trend is

maintained.

Engine torque, (N.m)

Fig. 10. Braking motor torque comparison for different Diesel-Methanol blends
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The input power of the engine can be estimated by the amount of fuel injected into it.
Theoretically, it is determined on the basis of the flow rate and the net calorific value of the blended

or pure fuels.

The net calorific value of methanol is about half that of diesel, with values of 23.8 MJ/kg and 44.5
MJ/kg for methanol and diesel respectively. It is well known that engine power is strongly controlled
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by combustion efficiency. The experimental results obtained, Figure 11 shows the effect of the
various fuel mixtures on the engine power.

In general, it can be seen that the power output from blended fuels gives a higher power output
than pure diesel. The improvement in power output from blends is significantly greater than that of
pure diesel.
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Fig. 11. Engine power as a function of engine speed for different
Diesel-Methanol blends

Brake Specific Fuel Consumption (BSFC), which is defined as the fuel flow rate per hour (kg/hr)
divided by engine braking power (kW), is a measure of engine efficiency. The CFSO based on engine
speed is shown in Figure 12, which represents the CFSO at maximum operating conditions. A
significant difference between blended fuels and pure diesel fuel can be seen in Figure 12.

In addition, the specific consumption of pure diesel fuel is the lowest compared to other diesel-
methanol blends, these results fit well with those obtained by Sayin et al., [19]. This is due to the
difference in the lower calorific values of the different types of fuels compared.
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Diesel-Methanol blends

23



Journal of Advanced Research in Experimental Fluid Mechanics

Volume 15, Issue 1 (2024) 14-27

It should be noted that the specific consumptions relating to diesel-methanol mixtures are
certainly much higher than that of pure Diesel but deliver greater powers than that derived from
pure Diesel (see Figure 11). In order to obtain the same input power, the amount of fuel mixture

must be decreased.

Figure 13 shows the evolution of the exhaust gas temperature with respect to the engine speed
at full load. At all engine rpm ranges, the best mixing ratio that produces the lowest exhaust
temperature is 10% methanol and 90% diesel. The greater the amount of methanol injected into the
combustion chamber, the more oxygen will be available, which will lead to complete combustion.
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Thermal braking efficiency is the percentage ratio of braking output power and input power.
From the results presented in Figure 14, it is clear that the use of methanol in this test led to better
thermal braking efficiency compared to pure diesel. This is due to complete combustion when

methanol is used.
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According to the results presented in Figure 15, the use of methanol in the present study led to a
better yield compared to that of pure Diesel with an improvement of around 20% for the D85M15
mixture compared to pure Diesel. The results obtained show that the yield is proportional to the
ethanol content of the mixture as well as to the engine speed.

<0
R

. /
30 == Diesel .
[
o —a— s | /: /:/)
—— 10 e
_ 60 — 15 2 ’(4{-// //
£ 50 ./4/ //
- e
£ —
E a0 =" /.-'"’ g
E i ‘_:.: j./‘//._,.-—' /
Lo— et
‘___..4-"'"-

20

10

0

00 750 1000 1250 1500 1730 2000 2230 2500 2750 3000
Rotation speed, (tr/min)

Fig. 15. Engine efficiency based on different Diesel-
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6. Conclusion

This study is part of the research objective to evaluate the impact of new generation fuel on the
performance of diesel engines. Among the fuels envisaged, the Diesel-Ethanol and Diesel-Methanol
mixtures seem to have significant potential. Indeed, they are alternative fuels with physic-chemical
properties relatively close to those of a traditional diesel fuel. In addition, their high oxygen content
allows an improvement in the combustion process as well as the drastic reduction of particulate
emissions at the exhaust. The main objective of this work was therefore to understand the behaviour
of fuel mixtures on the performance of the diesel engine. This approach is considered better because
it does not affect the cost of the engine by a possible modification and will allow existing engines to
remain in use.

The following conclusions can be drawn on the performance of the P604 single-cylinder Farymann
Diesel engine without any engine modification at different speeds. The conclusions are as follows:

* Engine torque, braking power and engine efficiency from the combustion of Diesel-Ethanol
fuel blends, and Diesel-Methanol fuel blends are higher than those from pure Diesel fuel.

* Fuel blends, D85E15 and D85M15 have the highest improvement rates compared to pure
diesel as well as other fuel blends tested on our engine.

* The specific braking fuel consumption for blended fuels is significantly higher than that from
pure Diesel, which is a disadvantage for our proposed fuels, this may be due to the engine
originally designed to run on pure Diesel as well as the nature of ethanol, which is a
combustion catalyst. On the other hand, ethanol improves the rest of the engine's
performance. The lowest CSCF is recorded with mixtures D95E5 and D95M5.
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* The different blends provide higher exhaust gas temperatures and are proportional to the
blending rates in the Diesel. This explains why the addition of biofuel improves the calorific
value of the fuel, which is highly sought after.

- Combustion of the different mixtures increases the outlet temperature of the coolant in

proportion to the mixing rates. This is explained by the high calorific value of blends compared

to that of pure Diesel.

References

(1]

(2]

3]

(4]

(5]
(6]
(7]

(8]

(9]

(10]

(11]

(12]

(13]

[14]

[15]

Harrod, Kevin S., Richard J. Jaramillo, Jennifer A. Berger, Andrew P. Gigliotti, Steven K. Seilkop, and Matthew D.
Reed. "Inhaled diesel engine emissions reduce bacterial clearance and exacerbate lung disease to Pseudomonas
aeruginosa infection in vivo." Toxicological Sciences 83, no. 1 (2005): 155-165.
https://doi.org/10.1093/toxsci/kfi007

Wargo, John, Linda Evenson Wargo, and Nancy Alderman. The harmful effects of vehicle exhaust: a case for policy
change. Environment & Human Health, 2006.

Seagrave, JeanClare, Jacob D. McDonald, Edward Bedrick, Eric S. Edgerton, Andrew P. Gigliotti, John J. Jansen, Lin
Ke et al. "Lung toxicity of ambient particulate matter from southeastern US sites with different contributing
sources: relationships between composition and effects." Environmental health perspectives 114, no. 9 (2006):
1387-1393. https://doi.org/10.1289/ehp.9234

Gauderman, W. James, Hita Vora, Rob McConnell, Kiros Berhane, Frank Gilliland, Duncan Thomas, Fred Lurmann
et al. "Effect of exposure to traffic on lung development from 10 to 18 years of age: a cohort study." The Lancet 369,
no. 9561 (2007): 571-577. https://doi.org/10.1016/50140-6736(07)60037-3

Khieralla A. “Investigation of Ethanol/Gasoline Blends as Alternative Fuel for Spark Ignition Engine.” International
Journal of Environment and Pollution, 23(2005): 336-344. https://doi.org/10.1504/I1JEP.2005.006872

Farkade, H. S., and A. P. Pathre. "Experimental investigation of methanol, ethanol and butanol blends with gasoline
on Sl engine." International Journal of Emerging Technology and Advanced Engineering 2, no. 4 (2012): 205-215.
Abdullah, Nik Rosli, M. S. M. Zaharin, A. M. I. Mamat, M. R. M. Nawi, and Hazim Sharudin. "Effects of ethanol blends
on gasoline engine performance and exhaust emissions." Jurnal Teknologi 76, no. 11 (2015): 107-12.
https://doi.org/10.11113/jt.v76.5920

Yusaf, T., I. Hamawand, P. Baker, and G. Najafi. "The effect of methanol-diesel blended ratio on Cl engine
performance." International Journal of Automotive and Mechanical Engineering 8 (2013): 1385-1395.
https://doi.org/10.15282/ijame.8.2013.26.0114

MS, M. Zaharin, Abdullah NR, M. Imran Dahalan, Hazim Sharudin, and Asiah AR. "Experimental Study on the Effects
of Methanol and Ethanol on Gasoline Engine Performance and Exhaust Emissions/MSM Zaharin...[et al.]." Journal
of Mechanical Engineering (JMechE) 2 (2017): 27-44. https://doi.org/10.15282/ijame.8.2013.26.0114

Masum, B. M., H. H. Masjuki, M. A. Kalam, IM Rizwanul Fattah, S. M. Palash, and M. J. Abedin. "Effect of ethanol—
gasoline blend on NOx emission in S| engine." Renewable and Sustainable Energy Reviews 24 (2013): 209-222.
https://doi.org/10.1016/].rser.2013.03.046

Yoon, S. H., S. Y. Ha, H. G. Roh, and C. S. Lee. "Effect of bioethanol as an alternative fuel on the emissions reduction
characteristics and combustion stability in a spark ignition engine." Proceedings of the Institution of Mechanical
Engineers,  Part D: Journal of Automobile  Engineering 223, no. 7  (2009):  941-951.
https://doi.org/10.1243/09544070JAUTO1016

Ashraful, A. Masjuki, Hassan H. Masjuki, Md A. Kalam, IM Rizwanul Fattah, S. Imtenan, S. A. Shahir, and H. M.
Mobarak. "Production and comparison of fuel properties, engine performance, and emission characteristics of
biodiesel from various non-edible vegetable oils: A review." Energy conversion and management 80 (2014): 202-
228. https://doi.org/10.1016/j.enconman.2014.01.037

Gong, Jing, Yingjia Zhang, Chenglong Tang, and Zuohua Huang. "Emission characteristics of iso-propanol/gasoline
blends in a spark-ignition engine combined with exhaust gas re-circulation." Thermal science 18, no. 1 (2014): 269-
277. https://doi.org/10.2298/TSCI130131086G

Iliev, Simeon. "A comparison of ethanol and methanol blending with gasoline using a 1-D engine model." Procedia
Engineering 100 (2015): 1013-1022. https://doi.org/10.1016/j.proeng.2015.01.461

Da Silva, Rosangela, Renato Cataluna, Eliana Weber de Menezes, Dimitrios Samios, and Clarisse M. Sartori Piatnicki.
"Effect of additives on the antiknock properties and Reid vapor pressure of gasoline." Fuel 84, no. 7-8 (2005): 951-
959. https://doi.org/10.1016/j.fuel.2005.01.008

26


https://doi.org/10.1093/toxsci/kfi007
https://doi.org/10.1289/ehp.9234
https://doi.org/10.1016/S0140-6736(07)60037-3
https://doi.org/10.1504/IJEP.2005.006872
https://doi.org/10.11113/jt.v76.5920
https://doi.org/10.15282/ijame.8.2013.26.0114
https://doi.org/10.15282/ijame.8.2013.26.0114
https://doi.org/10.1016/j.rser.2013.03.046
https://doi.org/10.1243/09544070JAUTO1016
https://doi.org/10.1016/j.enconman.2014.01.037
https://doi.org/10.2298/TSCI130131086G
https://doi.org/10.1016/j.proeng.2015.01.461
https://doi.org/10.1016/j.fuel.2005.01.008

Journal of Advanced Research in Experimental Fluid Mechanics
Volume 15, Issue 1 (2024) 14-27

[16]

(17]
(18]

[19]

Thangavelu, Saravana Kannan, Abu Saleh Ahmed, and Farid Nasir Ani. "Review on bioethanol as alternative fuel for
spark ignition  engines." Renewable  and  Sustainable @ Energy = Reviews 56  (2016):  820-835.
https://doi.org/10.1016/].rser.2015.11.089

Ganesan V. Internal Combustion Engines, 4th edition: (2012). Tata McGraw-Hill Education Private Limited.
Atmanli, Alpaslan, Erol ileri, and Bedri Yiiksel. "Effects of higher ratios of n-butanol addition to diesel-vegetable oil
blends on performance and exhaust emissions of a diesel engine." Journal of the Energy Institute 88, no. 3 (2015):
209-220. https://doi.org/10.1016/j.joei.2014.09.008

Sayin, Cenk, Ahmet Necati Ozsezen, and Mustafa Canakci. "The influence of operating parameters on the
performance and emissions of a DI diesel engine using methanol-blended-diesel fuel." Fuel 89, no. 7 (2010): 1407-
1414. https://doi.org/10.1016/j.fuel.2009.10.035

27


https://doi.org/10.1016/j.rser.2015.11.089
https://doi.org/10.1016/j.joei.2014.09.008
https://doi.org/10.1016/j.fuel.2009.10.035

