Abstract. In this work, some physical properties of several
biofuels, which are used in compression ignition engines, of
which no
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Nowadays, approximately 95% of the energy required in
the transportation sector comes from liquid fuels derived
reference publications have been found, are from petroleum and about 60% of this energy is used to

experimentally obtained. These properties are essential when manufacture fuels for transport. [4]
simulating engine processes such as injection and fuel spray. The

measured properties are density and surface tension. Density is
measured by the use of a pycnometer and surface tension by
means of commercial equipment (Kriiss-EasyDyne). Diesel fuel,
biodiesel, as well as biodiesel-ethanol blends are tested. Density

Over the last few years, many policies around the world
have been imposed to reduce the negative effects of
diesel engine emissions on people and the environment.

and surface tension are quantified, verifying that the density is . L. .
proportional to the concentration of each fuel in the blend. This paper focuses on obtaining some important

Nevertheless, this is not the case of the surface tension, which fits
a second-order polynomial.
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properties of biofuels that will be useful for the
appropriate study of injection systems to reduce diesel
engine emissions and fuel consumption while,
simultaneously, maintaining engine performance at an

tension. acceptable level.

The emission of pollutants into the atmosphere, from the
combustion of fossil fuels, is a problem that causes
harmful effects on people’s health. [1]

The most important harmful products emitted into the
atmosphere are carbon monoxide (CO), carbon dioxide
(COy), hydrocarbons (HC), nitrogen oxides (NOy),
particulate matter (PM) and sulfur oxides (SOx). Levels of
pollutants, CO, emissions and fuel consumption of
vehicles are approved following the Worldwide
Harmonized Light Vehicles Test Procedure (WLTP,
2018). This new protocol was developed by the United
Nations Economic Commission for Europe (UNECE) to
replace the New European Driving Cycle (NEDC) as the
European vehicle homologation procedure. The new
European test procedure is more similar to the United
States cycle (the Federal Test Procedure) [2].

Researchers use these standardized test procedures to
determine the viability of new biofuels, as tested in the

Introduction For a long time, researches claim the importance of
simulating processes concerning internal combustion
engines in order to optimize engine performance and
emissions [5], [6]. However, the development of these
simulations is limited by the need for fuel properties
information. This difficulty can be overcome by the
experimental determination of these required properties.

Experimental data concerning the properties of fuels are
essential for the construction of numerical models that
simulate the fuel injection process [7] and the formation
of the fuel spray inside the combustion chamber [8].

Furthermore, according to [9] a higher surface tension of
the fuel also reduces the aerodynamic influence on the
spray break-up. This fact also contributes to longer spray
tip penetration. This can be explained by the Kelvin—
Helmholtz instability model, where a higher surface
tension of the fuel results in a higher surface tension
force, which leads to smaller surface- instabilities
(waves). This also contributes to smaller influence of the
Bernoulli effect force. Consequently, sprays are longer
and narrower.

present paper [3].
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Knowing the value of the surface tension of a fuel is
essential for the correct numerical simulation of the
injection process and the subsequent fuel spray. This last
process involves drops formation, which is determined by
surface tension. This property is also essential when
simulating the injection process since it significantly
influences the phenomenon of cavitation.

CFD simulation of Diesel sprays is a difficult task due to
the incomplete specification of initial conditions for the
spray droplets, as well as for other reasons [10], [11]. This
is mainly a consequence of lack of understanding of the
atomization process in which the fuel breakup in droplets.
This process is directly joined to surface tension property
and influences the mechanisms that govern the spray
formation

This paper deals with obtaining some properties of new
biofuels that a simulation program requires for assisting in
the development and optimization of internal combustion
engines. To the knowledge of the authors, these properties
cannot be obtained from a literature review. Specifically,
the measured properties are: density and surface tension.

2. Materials and Methods

Initially, the tested fuels are obtained from expert
companies in this field. Subsequently, the elaboration of
the blends shown in Table I is performed.

According to the papers where fuel blends are tested in
reciprocating engines, these blends are made on a
volumetric basis since the Engine Control Unit (ECU)
regulates the flow injected by volume and not by mass, as
shown in the papers [12], [13].

Table I.- Fuels used (% v/v)

Nomenclature % Ethanol % Biodiesel % Diesel
E100 100 0 0
B100 0 100 0
D100 0 0 100

B75E25 25 75 0
B50E50 50 50 0
B25E75 75 25 0

Fig. 1. Biodiesel-Ethanol blends

A. Density

To obtain the value of density for the fuels shown in Table
I, a pycnometer (Figure 2) is used.
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The measuring process consists of filling completely the
pycnometer, avoiding the formation of bubbles inside.
When closing, the fluid level will rise through the
capillary and it will overflow, the capillary being also
full. Finally, we will level out with the syringe to the
calibration mark (Figure 2). A key issue in the
pycnometer experimental process is the difficulty during
the leveling out process, due to the formation of
unwanted bubbles in the capillary.

Fig. 2. Pycnometer for density determination.

A pycnometer is a device that enables a liquid's density
to be measured accurately by reference to a reference
fluid, such as water or mercury. In this case, the
pycnometer used (POBEL) is calibrated at 20 ° C. For
this reason, it is not necessary to use a reference fluid.
According to the calibration certificate of the
pycnometer, its weight (my) and volume (V) are 29.1872
g and 24.629 ml, respectively. It is easy to calculate the
density of the blend (pa) as the ratio between the mass of
the solution that is housed in the pycnometer (mg) and its
volume (Vp). On the other hand, the value of the mass of
the sample (mgq) will be the difference between the mass
of the full pycnometer (my.q) and that of the empty
pycnometer (mp), both masses are obtained
experimentally using an analytical balance. Table IlI
shows the density results obtained by applying Eq. (1).

Yo, :ﬂ:—mp“’ — My (1)

TV, v
Table 11 shows the average of 3 weights made for each
sample.

Table 11.- Mass of the full pycnometer (g)

Fuel Mp-d (Q)
E100 48.5402
B100 50.8079
D100 49.5279
B75E25 50.2612
B50E50 49.7416
B25E75 49.1894

Authors like [14] and [15] have also used a pycnometer
for density determination. In [14] this measurement
procedure is applied to diesel fuel, biodiesel produced
and its blends, obtaining very good results. In the case of
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authors like [15] apply this method to obtain the density of
aqueous solutions of alkanolamines such as AT-
methyldiethanolamine (MDEA) and 2-amino-2-methyl-I-
propanol (AMP), also with values very accurate.

B. Surface tension

The other property, surface tension, is measured by the
EasyDyne tensiometer shown in Figure 3.

Fig. 3. EasyDyne tensiometer for surface tension determination

The measurement process in this equipment is quite
simple. It consists of a plate (Figure 4) that is immersed in
the different blends understudy, providing an average
surface tension value (¢ (mN / m)) over ten measurements.
In addition, this equipment is very complete, since it also
gives us the uncertainty of measurement (Ac (mN / m)).

T F = Force, mN

Plate made
of roughened Pt
L = Wetted
Gas phase

— q . — Length, mm

Liquid /

Jont | \

.'/‘ A puate \ - = F :
"-.!'_'q'ij 4 ® L cos0

Fig. 4. Measuring plate [16]

It is important to note that both, the measuring plate and
the container must be very clean and disinfected after
taking the new measurement, since wastes from the
previous test, which are adhered to the container wall, can
make the next measure not to be accurate. Table 111 shows
the surface tension results obtained by using the EasyDyne
tensiometer.

Authors like [17] have used this tensiometer to measure
many thermodynamic properties.
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3. Results

The results obtained experimentally are shown in Table
"I.

Figure 5 represents the value of the density as a function
of the biodiesel concentration, that is, it represents from
0% biodiesel (100E); 25B75E; 50B50E; 75B25E; up to
100% biodiesel (100B).

Table I11.- Density and surface tension experimentally obtained
for each fuel.

Density, p, (kg/mq) Surface tension, o,
(mN/m)
Ethanol 785.781 22.4
Biodiesel 877.855 30.7
Diesel 825.884 26.7
B75E25 855.655 26.7
B50E50 834.558 24.4
B25E75 812.138 234
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Fig. 5. Density (kg/m?) VS percentage by volume of biodiesel
in the blend.

It is corroborated that the density of the blend is
proportional to the concentration of each pure fuel in the
blend as follows: the result of Eq. (2) is nearly the same
as the result obtained experimentally (see the density of
B75E25 in Table Ill). Table IV shows the results
obtained by applying Eq. (2).

75% payoy +25% prygy = 0.75-877.855+

2
+0.25-785.781=854.836 @

Table IV.- Density of the blends obtained by linear fitting

Blends Density (kg/m?3)
B75E25 854.836
B50ES50 831.818
B25E75 808.799

Figure 6 shows the results obtained from surface tension.
In addition, it is observed that these results fit quite
accurately to a second-order polynomial, since R?
(coefficient of determination) is close to 1, so the values
do not follow a linear trend as in the case of density.
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Fig. 6. Surface tension (mN/m) VS percentage by volume of
biodiesel in the blend.

4. Conclusions

It was corroborated that density is proportional to the
concentration of each pure fuel in the blend. Density
increases linearly as the concentration of biodiesel in
ethanol increases.

We consider that the most important fuel property to be
experimentally obtained is surface tension, due to the lack
of literature information.

In view of the results obtained, the surface tension of
biodiesel-ethanol blends increases by increasing the
concentration of biodiesel in ethanol. Nevertheless, this
increment is not lineal. Surface tension fits a second-order
polynomial.
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