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Abstract

In this research, the effect of water content in a-zeotropic ethanol to the power produced, specific fuel consumption, and the thermal
efficiency of an Sl engine was observed. Tests carried out on anhydrous ethanol fuel (99.7% v) and a-zeotropic ethanol fuel (95.5% v).
The test was carried out using the engine brake power indicator load cell type TD 800PM. The amount of power produced, specific fuel
consumption and engine thermal efficiency were tested for varying load on four stroke one-cylinder engine. The amount of power, specific
fuel consumption was observed, also the thermal efficiency produced by both of the fuels was calculated. The amount of power, specific
fuel consumption and thermal efficiency using both types of fuel compared. The results showed that the amount of power produced by a-
zeotropic ethanol fuel was higher than anhydrous ethanol fuel. The need for specific fuels when uses a-zeotropic ethanol slightly higher
than anhydrous ethanol. Engine thermal efficiency produced by a-zeotropic ethanol is lower than anhydrous ethanol.
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1. Introduction

Energy saving, global warming and air pollution are the
main reasons for the use of renewable alternative energy and
environment friendly [1, 2, 3, 4, 5]. Ethanol can be used
directly as a fuel, or mixed with gasoline in a Sl engine [4,
6]. The use of anhydrous ethanol as fuel requires very high
energy in its purification process. One of several ways to
make ethanol more competitive as fuel is to use it with a
higher water content [7, 8]. A-zeotropic ethanol is ethanol
with a concentration of 95.5% v. A-zeotropic ethanol can be
produced by distillation without molecular sieves. The
combustion speed and flammability limit (ER) of a-
zeotropic ethanol are also better than anhydrous ethanol [9,
10]. Testing of short chain alcohol fuels such as methanol,
ethanol and butanol has been carried out a lot to reduce
fossil fuel uses, improve the emissions quality and reduce
toxic exhaust gases. Differences in property of alcohol fuels
cause variations in consumption, performance and
emissions of gasoline and diesel engines [2, 11].

The research uses a fuel mixture of gasoline with ethanol
is also done by [12]. In their study tested engine
performance and exhaust emissions produced. His research
claims that addition of ethanol increases engine power, this
can be related to the presence of hydroxyl radicals in
ethanol, which contribute to complement combustion
enhancer. Extra oxygen in the molecular structure of ethanol
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caused more release of chemical energy as result of
combustion of fuel converted to thermal energy. BSFC of
the engine is increases by 22.81% with the addition of 10%
ethanol to gasoline as shown in Figure 1.
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Figure 1. Effect of gasoline blends with ethanol and
Mn,0s on BSFC

Engine performance test using ethanol fuel is also done
by [13]. The test concluded that ethanol with 5%v of water
content was operated at engine with constant speed 3,600
rpm, stoichiometric mixture showed a load effect on BSFC
and efficiency. By increasing the generator load from 10%
to 100%, overall efficiency increased by 18%, while BSFC
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Nomenclature
Sl Spark ignition
BSFC Brake specific fuel consumption

TDV  Total displacement volume (m?)

decreased by around 76%. A decreasing trend of BSFC
when increasing load also indicated by [14]. The emissions
are very low. The results of the study can be seen in Figure
2.
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Figure 2. Effect of load on BSFC and efficiency when
using ethanol fuel 95% v

lodice et al. [4] showed, with the addition of anhydrous
ethanol in blend, torque and brake power also increase
owing the heat of evaporation of ethanol (around 910 kJ /
kg) is twice higher than gasoline. So, during the evaporation
of ethanol / gasoline mixture under of hot operating
conditions, the flow of fuel tends to absorb more cylinder
heat than gasoline. In this condition, the charge and intake
manifold temperatures decreases, thus increasing
volumetric efficiency.

Deng et al. [3] do a research on pure gasoline and the
mixture with hydrous ethanol 95,5%v. Compared to using
pure gasoline, thermal brake efficiency is obtained higher
when using a mixture of hydrous ethanol gasoline on the
engine tested. It is caused by hydroxyl radicals (-OH)
produced by ethanol, which improves the combustion and
flame propagation speed. The results of the research are
shown in Figure 3
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Figure 3. Effect of engine speed to BSFC using gasoline
and its mixture with ethanol

Because of, a shorter combustion period the results is
lower heat loss to the cylinder wall, which promotes the
thermal brake efficiency. Also compared between E10W
and E20W; E20W produces higher thermal brakes
efficiency on the tested machine. It caused by presence of
oxygen is higher at E20W, which helps increase
combustion.

Costa and Sodré [15] found that it was consumed more
hydrous ethanol to get the same power compared to gasoline
ethanol mixture. For both types of fuel, it is operated at
equivalence ratio 1.12, and the stoichiometric air/fuel ratio
is 13.1 for the gasoline-ethanol blend and 8.7 for hydrous
ethanol. BSFC for hydrous ethanol is up to 54% higher than
that of gasoline-ethanol blend, as a consequence of the
lower heating value of hydrous ethanol with respect to that
of the ethanol-gasoline blend. Improved fuel economy using
hydrous ethanol instead of the ethanol gasoline blend, could
only be possible with engine modifications, especially in the
compression ratio

Chuepeng et al. [16] stated that in stoichiometric air-fuel
mixture the rate of consumption of hydrous ethanol fuel is
higher than anhydrous ethanol and gasoline around 9% and
194%. The greater fuel consumption for hE100 than that of
the E100 is correspondent to the lower heating value of
hE100 which is lesser by approx. 5% than that of the E100.

Based on the results of previous studies that the speed of
flame and better quality emissions from hydrous ethanol, the
current study compares ethanol fuel (a-zeotropic 95.5% V)
with anhydrous ethanol fuel (99.7% v). Tests are carried out
using varying of loads on the both type of fuel.

2. Methods

The research was conducted by laboratory test methods. The
first step, for anhydrous ethanol fuel is use absolute ethanol
for analysis from Merck. Furthermore, the anhydrous
ethanol was diluted to hydrous ethanol (a-zeotropic) at
(95.5% v) water content at the analytical laboratory. For
testing of power, specific fuel consumption and thermal
efficiency, was tasted out on engine brake power indicator
TD 800PM load cell type with a test set-up as shown in
Figure 4. By processing the test data, the results of
calculations are obtained as in Tables 1 and 2.

3. Results and Discussion

By using the preliminary data engine with speed of 3500
rpm, the load increases every 1 kg, 15 mm orifice diameter,
200 mm load arm length. With the use of (Torque)
1=F.r, (8]

Fuel consumption Qms (Kg/s) where:
me = Qv- Pt (2)

Power produced can be calculated by using equation (3):

(P) = 2":0‘”“ in kW ®3)




Suarta et al. / Journal of Applied Mechanical Engineering and Green Technology, Vol. 1, No. 1 (2019) 35-40 37

The air flow rate through the orifice plate is calculated by

equation (4):
nd? [2Ap

Qva = Qma ae —
Pa 4 Pa

with volumetric efficiency:

@ = Da ¥ 100%; ©)

and consumption of specific fuel is calculated as below:

B _ me(kg/s)
sfc — P(kW)

Volume of combustion chamber:

n

Qn = engine TDV x

2x60

(m3
S

).

Differential prescure measuring

Air flowmeasuring

(5) Nt

(6)

Qth

Thermal Efficiency:

Qs

_ PW) _ _P(w) ®)
QmeLHV

So that the results of calculations are obtained as presented
in Tables 1 and 2.

Room temperatur : 29
Atmospheric pressure : 1052 kPa
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Figure 4. Set-up experimental

Table 1. Results of calculation of ethanol anhydrous data

TD 800PM SINGLE-CYLINDER ENGINE TEST-BED, Mechanical Absorber

Engine type & oo
Fuel type : anhydrous ethanol

—1

Fued tank
Fuel meter
Fued ine
*ﬂfﬂﬂﬂ,’?f
Tested by © oo Date :5/7/2018

Air box / Orifice diameter :  300/15

Opening position of throttle valve : - Specific gravity © ... Manometer slope : 1:5
Manometer reading for zero air flow :
Fuel Consumtion Air flow rate Temperatur (°C)
e 1 Graduated cylinder Indicator ¥ Aj: box Indicator Q AF | Engine Exhaust P B Mot
nrpm e _ . . , Manometer s . . aus .
m) [Volume| T ka/ ) tio | Inlet EW | kgkw Ya
Force (Nom) Vol ol € nsne ?;; k?’i Qurkels Reading mm H20 QJm QJW kg's rane ; IM gas T2 kg/kWh °
ke ; Left |Right| Net (ls) | mils
3500 0 0 5 17.62 [ 0.00028 | 596311 | 0.00022418 | 285 | 115 | 170 | 0.0057 | 0.00161 | 0.001% | 8.4004 28 281 0 |#DIV/0! 0
3136 1 1.96 5 18.01 | 0.00028 | 5.83398 | 0.00021932 | 285 | 115 | 170 | 0.0021 | 0.00161 | 0.0019 | 8.5863 28 300 | 0.6443 [ 1.22541 | 11.044
3100 2 3.92 5 19.11 | 0.00026 | 5.49817 | 0.0002067 | 285 | 115 | 170 | 0.0051 | 0.00161 | 0.001% | 9.1108 28 281 1.2739 | 0.58414 [ 23.16%
3000 3 5.88 5 1945 [ 0.00026 | 5.40206 | 0.00020308 | 280 | 120 | 160 | 0.004% [ 0.001561| 0.0018 [ 8.996 28 282 1.8491 | 0.39538 | 34.23
2600 4 7.84 5 20.15 | 0.00025 [ 5.21439 | 0.00019603 | 270 | 130 | 140 | 0.0042 | 0.001461  0.0017 | 8.7178 28 261 2.1368 | 0.33027 (40.979
2313 5 9.8 5 21.18 | 0.00024 | 4.96081 | 0.0001865 | 270 | 130 | 140 | 0.0038 | 0.001461 0.0017 ] 9.1635 28 247 | 2.3761 | 0.28255 [47.898
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Table 2. Results of a-zeotropic ethanol data calculation

TD 800PM SINGLE-CYLINDER ENGINE TEST-BED, Mechanical Absorber

Room temperatur © 29 Engine type & ..o
Atmospheric pressure : 1052 kPa

Opening position of throttle valve : - Specific gravity © ...

Fuel type : azeotropik ethanol 95,5%v

Testedby .o
Air box / Orifice diameter
Manometer slope : 1:5
Manometer reading for zero air flow :

Date : 5/7/2018
300/15

Fuel Consumtion Air flow rate Temperatur (°C)

:Fl\et T Graduated cylinder Indicator| v ‘_\J:box Indicator Q AF | Engine Exhanst P B Mot
nrpm orce _ N . ; AMdanometer . . LS i .

Lo v vtmel e | @ | Q| @kt | gmimgmtng| G | @ | i | oo | T kit

¢ Left |Right] Net | &) | ws
3500 a 0 5 10.34 | 0.00048 | 9.93772 | 0.00038685 [ 370 | 30 | 340 | 0.0057 |0.002276| 0.0027 | 6.8844 28 320 0 |#DIV/0! 0
3311 1 1.96 5 10,97 | 0.00046 | 9.367 | 0.00036463 | 365 | 30 | 335 | 0.0054 [ 0.002259| 0.0026 | 7.25 29 332 0.6823 | 1.9238 |7.2844
3244 2 382 5 11.23 | 0.00045 | 9.15013 | 0.0003561% | 360 | 30 | 330 |0.0033 |0.002243| 0.0026 | 7.3662 29 334 1.333 | 0.96193 | 14.568
32211 3 5.88 5 11.65 | 0.00043 | 8.82026 | 0.00034335 [ 360 | 30 | 330 | 0.0033 |0.002243| 0.0026 | 7.6417 29 337 1.9854 | 0.622358 [ 22.509
3147 4 7.84 5 12.06 | 0.00041 | 8.5204 | 0.00033167 | 360 | 40 | 320 |0.0051 |0.002208 | 0.0026 | 7.7899 29 323 | 2.5863 | 0.46167 | 30.355
2575 5 9.8 5 12.94 | 0.00039 | 7.94096 | 0.00030912 | 335 | 35 | 280 | 0.0042 | 0.002066 | 0.0024 | 7.8184 29 334 | 2.6453 | 0.42068 | 33.312
3.1 Power evaporate more easily in the engine operation process. The

The power produced by a-zeotropic ethanol is higher than
that of anhydrous ethanol at the same load. Difference
increases power proportional with increased load as
shown in Figure 5. Engine power performance is
significantly dependent on the physical and chemical
properties of the fuel used. The latent heat of a-zeotropic
ethanol evaporation is lower than ethanol anhydrous. It
caused by the structure of a-zeotropic ethanol molecules
is shorter so it is easier to evaporate than ethanol
anhydrous [7]. Therefore, produce more power in engine
operation but will consume more fuel, which leads to
higher volumetric efficiency. Furthermore, a-zeotropic
ethanol has a centralized oxygen molecule that benefits
the combustion process so that it produces more perfect
combustion, and increases combustion efficiency.
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N Azeotropic
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Figure 5. Comparison of the power produced by ethanol
a-zeotropic with ethanol anhydrous at the same load.

A-zeotropic ethanol combustion speed higher than
anhydrous ethanol causes the generated power is also
higher. Seeing these factors affect engine power
performance to be consideration in the use of a-zeotropic
ethanol into fuel.

3.2 Specific fuel consumption
The latent heat evaporation of a-zeotropic ethanol is lower
than anhydrous ethanol causes a-zeotropic ethanol to

result is more fuel goes into the combustion chamber
resulting in greater power. Lower heat value causes the
need of more amount of fuel to produce the same power.
This result consistent with [13,14]. Comparison of
specific fuel consumption shown in Figure 6.
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Figure 6. Comparison of specific fuel consumption
using a-zeotropic ethanol and anhydrous ethanol

Hydrogen bonds in O and H atoms in ethanol and
water molecules cause molecules to group with strong
bonds. Thus in the process of evaporation in the carburetor
the distance between fuel molecules becomes closer
which implies occupying a narrower space so that more
fuel enters the combustion chamber. Bigger combustion
velocity of a-zeotropic ethanol is also a cause of bigger
combustion power and better emission quality [3]. This is
also in accordance with the results of Phuangwongtrakul’s
research [17]. The higher of ethanol levels BSFC is
increasing.

3.3 Thermal efficiency

A-zeotropic Ethanol thermal efficiency is lower than
anhydrous ethanol this caused more fuel needs to produce
the same power as anhydrous ethanol. The combustion
efficiency is influenced by the amount of fuel needed per
cycle, the temperature in the cylinder and the homogeneity
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of the mixture. Because more fuel is supplied (load
increases), there is an increase in reactant stratification at
higher loads. Load stratification occurs and causes over
rich zona formation. So the tendency of the difference in
combustion efficiency is greater according to the increase
in load. This is the same as [18], the thinner the mixture
the combustion efficiency increases. The increase of
power when the use of a-zeotropic ethanol is smaller than
the fuel consumption of each power produced. So that
thermal efficiency decreases when using ethanol a-
zeotropic fuel. Graphs comparing between thermal
efficiency of a-zeotropic fuel and anhydrous ethanol are
shown in Figure 7.
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Figure 7. Comparison of thermal efficiency using a-
zeotropic ethanol fuel and anhydrous ethanol

4. Conclusions

Using a-zeotropic ethanol fuel produced greater power
than anhydrous ethanol at the same load. The higher the
load the higher difference in power will produced. The
amount of power produced depends on the characteristics
of combustion such as combustion speed and volumetric
efficiency of fuel.

Fuel consumption use a-zeotropic fuel higher than
anhydrous ethanol fuel. This is due to the a-zeotropic
ethanol fuel heating value is smaller than anhydrous
ethanol or to produce the same power, consumption more
amount of a-zeotropic ethanol fuel than a-zeotropic
ethanol fuel.

The thermal efficiency of a-zeotropic ethanol is
smaller than anhydrous ethanol at the same load. The
difference in efficiency increases in proportion to the
increase in load.
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