Applied Research and Smart Technology Vol. 3 No. 1 (2022) 18-28

Tech

Authors retain copyright

Applied Research

Applied Research and
Smart Technology

Journal homepage: www.journals2.ums.ac.id/index.php/arstech  ISSN 2722-9645

Research Article

Redesign of water-diesel emulsion fuel mixer

Abram Anggit Mahadi', Budi Santoso*’, Ubaidillah®’, Bhre Wangsa Lenggana*

1224 Department of Mechanical Engineering, Faculty of Engineering, Universitas Sebelas Maret Surakarta, 57126. Indonesia.

*Corresponding author: budisant@staff.uns.ac.id. ubaidillah ft@staff.uns.ac.id

Permalink (DOI): https://doi.org/10.23917 /arstech.v3il.406

ARTICLE INFO

ABSTRACT

Article history:

Received 18 November 2021
Revised 19 December 2021
Accepted 06 August 2022

Available online 07 August 2022
Published regularly 30 August 2022

Keywords:

Biodiesel

Droplet

Emulsion
Non-surfactant
Real-time emulsion

Emissions and fuel consumption are essential parameters to indicate the working
of a combustion engine. This paper discusses the methods to achieve lower
emissions and efficient fuel consumption. One of the methods is by making
emulsion fuel. The emulsion-making methods are surfactant emulsion, micro-
emulsion, ultrasonic emulsion, and real-time emulsion non-surfactant (RTES).
In the research, the emulsion fuel is a mixture of B30 Biodiesel and water
without surfactant that is supplied in real-time after being mixed in a mixer. The
ratio is 85% biodiesel and 15% water. The RTES mixer in the old model has a
big size, and high-power consumption of about 150-433.5 W. This research
aims to develop a simple design and low power consumption of the RTES
Mixer. The new RTES mixer design only needs 150 W motor power. Its
dimension is more superficial and produces tiny droplets with a main diameter
range between 0.1 to 0.5 pm, visually well-mixed.

1. INTRODUCTION

water because water is heavier than any oil [4]. If the diesel
fuel is biodiesel (in Indonesia, known as "bio-solar"), the

Exhaust emissions and fuel consumption are
essential parameters of engine performance, and therefore,
various methods and technologies have been developed to
improve exhaust emissions and engine fuel consumption
[1]. One of these methods is mixing water into the fuel,
B30 biodiesel fuel, in an emulsion. The principle of an
emulsion is to combine two or more substances that do
not mix naturally [2].

When water and diesel fuel are mixed, naturally, they
will not be homogenous [3]. Diesel fuel floats above the

white bubbles occur there, and those bubbles are the bio-
oil fraction. It is made with animal or vegetable oil
(biodiesel in Indonesia uses vegetable oil) [5]. Inidally,
biodiesel was easy to clot, and some conditions that cause
clotting are cold temperature and long-time storage.
Therefore, the water and biodiesel mixture needs methods
to make it useable as an alternative fuel [6].

Emulsion fuel must be stable for a long period.
Stability is about keeping two immiscible liquids
homogenous, not separate [7]. Some methods can make a
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stable emulsion, such as surfactant addition, micro-
emulsion, ultrasonic, and real-time mixing [8]. Those
methods can be combined or only one option chosen [9].

A mixing unit is an emulsion maker that works on
stirring the mixture with a specific rotation speed [10].
The stirring power source is an electric motor connected
to the transmission system or direct shaft connection.
Unfortunately, the current mixer technology still uses a
large mixer type, requiring a large placement space and
consuming large amounts of power. Therefore, it is
necessary to develop a mixer design that is more compact
and consumes less power [11].

Although previous mixer design studies found a
reduction in NOx and fuel consumption, they still faced
several problems [12,13]. Research conducted by Yahya et
al. [12] showed that droplet size increases to 56 pm by
using ultrasonic transducer temperature at 44°C. The
power required for the ultrasonic transducer is 120 W
[12]. Sartomo used a real-time emulsion non-surfactant
(RTES) mixer using 3000 rpm until 7000 rpm mixing
speed. It needs 150 —433,5 W power and uses a big motor
(1 phase AC motor) [13].

Therefore, this research introduces a new method of
making water-diesel emulsion fuel. Development aspects
are designing a simple RTES mixer with a compact size,
low energy consumption, and stable emulsion. This
research has no surfactant usage, with a water-diesel ratio
of 15% water and 85% biodiesel [14]. The absence of

surfactants will reduce costs due to high prices [15].

2. MATERIAL AND METHODS

The redesign of the mixer began with knowing the
specific fuel flow requirements of the engine. First, the
need for fuel discharge was measured by calculating the
fuel volume difference. Next, the fuel was filled in the
measuring cup and channelled to the diesel engine
injection pump. When the diesel engine operated at a
certain speed, the difference in fuel volume was calculated
within 1 minute, and then the results were converted into
unics per second [16]. From the measurement results, the
fuel flow rate was 15 m//second at 2,600 rpm.

In the latest design, the RTES mixer was made with
smaller dimensions. Dimensions were made as small as
possible for more practical placement. DC motors were
used because it's available in small sizes and can produce
high rotations of up to 11,500 rpm [17]. The selection of
motor power was adjusted to the stirring rotation.
Research by Sartomo [13] showed that it took 150 W of
power to operate the RTES mixer at 3000 7pm. Based on
these references, a motor with a power of 150 W is
selected, a DC motor type.

Transmission in a timing belt pulley was used to get
a rotation close to 3000 7pm. The function of the timing
belt pulley was to reduce the rotation of the electric motor
so that the rotation was close to the target, which was
3000 rpm [18]. By adjusting the housing dimensions, the
pulley diameter was 36 mm, and 12 mm was selected. The
pulley ratio used is 3:1, so it lowers rotation become
3,833.33 rpm. The rotation value was close to 3000 rpm
and could be adjusted by reducing the DC motor voltage
through the power supply setting [19].

Research conducted by Prasetya [20] found that the
minimum diameter of the blade shaft is 2 mm. However,
this research design used a diameter of 8 mm, so it is still
safe. While the diameter of the drive shaft is 5 mm,
adjusting the diameter of the motor shaft. The shafts are
safe because those diameters are more significant than the
requirement [20]. Figure 1 shows the form of the new
RTES mixer system, and its specification is shown in

Table 1.

Biodiesel
Water tank [} tank

DC Power

DC Motor
; \J

Figure 1. RTES mixer new system.

After being assembled, the new RTES mixer was also
being tested. The tests were visual tests and droplets’
diameter measurements using a microscope. A
Microscope, Optilab camera, and laptop were used as the
support devices. The distribution of droplet diameters can
be shown in a statistical graphic and diagram [21]. Figure
2 displays the microscope, camera, and laptop system for
recording and measuring the droplet distribution and size.
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Table 1. RTES mixer specification.

Description Specification

Material Aluminium (tank, blade),
stainless steel (shaft)

Mixer dimension (mm) 40 mm (diameter), 91 mm
(height), 1 mm (thickness)

Biodiesel capacity 500 ml
Water capacity 500 ml
Mixing capacity 70 ml
Electric motor DC775 12V
Motor power 150 W

Max motor rev 11.500 rpm @12V DC

Transmission system pulley with a timing belt

(3:1)

Shaft diameter 5 mm (motor), 8 mm
(mixer)

Power source DC Power Supply

OptilLab
Camera

Microscope

Figure 2. Microscope, camera, and laptop system.

Moreover, the emulsion is made according to the
type of variation in the speed and determined stirring
cycle. The emulsion sample was dropped onto the
microscope slide table simultaneously with the start of the
image recording. Image recording is performed for up to
132 seconds. Photos at any second can be taken by
capturing the screen [22]. Observational photos are
reprocessed by re-entering the ImageRaster to display the
size scale. To facilitate particle measurement, image
scaling is pre-activated in ImageRaster, so that the scale
appears automatically and fits the microscope [23]. The
image that has been scaled is then measured with the circle
tool in the Excel table ImageRaster software. Emulsion
grains were measured by taking samples from the smallest
to the largest size of 100 [24]. Samples of items that have
been measured with the tools in ImageRaster can be

collected for sorting or sorting in Microsoft Office Excel.
The data that has been processed in Excel is then
transferred to OriginPro so that it can be converted
directly into various forms of statistical presentations,
such as histograms and box plots [25].

3. RESULTS AND DISCUSSION

The tool's compact design requires a type of motor
that is small in dimensions but still fits the needs. The
mixing power is calculated using non-dimensional
analysis (power number) to determine the type and power
of the motor [26]. The power number is a Reynolds
number (Re) function, which is constant when the Re
value is above 10,000 [27]. The Reynolds number shows
the flow conditions of fluid in the mixer, < 10 laminar
conditions, 10 < Re <10,000 transitional conditions, >
10,000 cturbulent conditions. The equations (1) and (2)
are used to calculate the Power number and Reynold
number [28].

P

Np = p.N3.d5 (1)
2
Re = NP ';V"’ )

Power number (Equation (3)) is calculated by knowing in
advance the Reynolds number [28].

P, =P, d5. N3 p (3)

The viscosity of the emulsion of 85% biodiesel and
15% water is 0.0547 Pa.s with a density of 858.8 kg/m’
[29]. The results of the calculation of the driving power
requirements are shown in Table 2.

Table 2. Mixer's Design Parameter.

Parameter Value

Blade diameter 0.029 m

Density 858.8 kg/m?®
Viscosity 0.0547 Pa.s
Mixing speed 3000 rpm /50 rps
Reynold number  660.19

Power number 3

Impeller power 6.6 W

Visual stability observation time starts at 0 seconds
when the mixer is stopped until 2 minutes. Changes in
the physical appearance of the emulsion over time visually
indicate emulsion stability. For example, mixing water
and biodiesel into an emulsion is indicated by forming a
milky brown liquid. After a particular time, a white
precipitate will form a yellow liquid that floats [22]. The
white precipitate is water mixed with vegetable fat in
biodiesel, while the yellow colour is the content of pure
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diesel oil (in Indonesia, it is known by the market name
"bio solar") from petroleum refining. Table 3 shows the
visual test results of water-diesel emulsion fuel.

Overall, the emulsion mixed for 1 minute looked
light green in the top layer and watery in the bottom layer
at 0 seconds. The emulsion form shows that water and
biodiesel are not mixed. The stirring time only lasted a
short time, so the two liquids did not have time to reach
the evenly mixed phase. If the emulsion is used as fuel, it
can cause the engine to stop suddenly and experience a
water hammer, which is water compression by the
pressure of the combustion chamber. A water hammer can
cause the piston head to break, resulting in fatal engine
damage [30].

At 3 minutes of mixing time, various colours were
obtained based on variations in mixing speed. The colour
difference that occurs is the appearance of a bright yellow
emulsion at 1000 7pm and milk chocolate at 2000 rpm
and 3000 7pm. Overall, no sediment and biodiesel were

seen floating on the water at 0 seconds, indicating that the
emulsion was evenly mixed.

The evenly mixed emulsion can be used as fuel in
diesel engines. The use of emulsion as fuel needs to
consider the stability of the mixture, which changes with
time. After being observed for 2 minutes, the emulsion
was dark green in the top layer and clear water in the
bottom layer at a speed of 1000 7pm. The appearance of
the clear water layer indicated that the emulsion had
separated significantly 2 minutes after stirring. Mixing at
speeds of 2000 7pm and 3000 7pm produces almost the
same results in brown colour with a thin layer of clear
water below. The difference lies in the clear water layer,
where the layer looks clearer at 3000 rpm stirring but is
not much different from 2000 7pm stirring. For use in
diesel engines, emulsions stirred at speeds of 2000 rpm
and 3000 7pm are recommended. The length of the line
from the mixer to the injection pump of the diesel engine
should be kept as close as possible so that the emulsion is
still stable when it enters the injection pump.

Table 3. Visual test of emulsion.

Mixing speed 1 minute mixing time 3-minutes mixing time
(rpm)
Observation time
0 second 2 seconds 0 second 2 seconds
1000
2000
3000
ISSN 2722-9645 Mahadi et al. - Applied Research and Smart Technology 3(1) 2022 21



Figures 3 to 7 show the distribution of the droplets
from time to time. There are some bubbles, and a change
of colour from bright yellow becomes dark grey. Bright
yellow shows the diesel liquid fraction, while dark grey
shows the water fraction. Blur picture with full dark grey
colour proves that the two liquids are not homogenous.

Emulsions that can be measured using a microscope
are only 2000 rpm and 3000 7pm mixing in 3 minutes
duration. Other emulsions separate quickly, so it only
shows blurred images. Overall, the emulsion mixed for 1
minute looked light green in the top layer and watery in
the bottom layer at 0 seconds. The emulsion form shows
that water and biodiesel are not mixed. The stirring time
only lasts a short time, so the two liquids have not had
time to reach the evenly mixed phase. If the emulsion is
used as fuel, it can cause the engine to stop suddenly and
experience a water hammer, which is water compressed by
the pressure of the combustion chamber. A water hammer
can cause the piston head to break, resulting in fatal
engine damage.

At 3 minutes of mixing time, various colours were
obtained based on variations in mixing speed. The colour
difference that occurs is the appearance of a bright yellow
emulsion at 1000 7pm, and milk chocolate at 2000 rpm
and 3000 7pm. Overall, no sediment and biodiesel were
seen floating on the water at 0 seconds. It indicates that
the emulsion is evenly mixed. Particle size and
distribution are shown in Figure 8 to Figure 19.

The use of emulsion as fuel needs to pay attention to
the stability of the mixture that changes with time. After
being observed for 2 minutes, the emulsion was dark green
in the top layer and clear water in the bottom layer at a
speed of 1000 7pm. The appearance of the clear water
indicated that the emulsion had separated significantly 2
minutes after stirring. Mixing at speeds of 2000 rpm and
3000 7pm produces almost the same results in brown
colour with a thin layer of clear water below. The
difference lies in the clear water layer, where the layer looks
clearer at 3000 7pm stirring but is not much different from
2000 rpm stirring. For use in diesel engines, emulsions
stirred at speeds of 2000 rmpm and 3000 rpm are
recommended. The length of the line from the mixer to
the injection pump of the diesel engine should be kept as
close as possible so that the emulsion is still stable when it
enters the injection pump.

In a previous study using the RTES method and
ultrasonic addition, the droplet diameter was obtained
between 0.3 um to 0.7 pum. On the other hand, research
using a high-speed mixing method and 0.2% surfactant
resulted in most droplet diameters of 2.5 mm with
emulsion stability lasting for one week. Thus, the
emulsion in the current study is close to the results of
previous studies using additional surfactants or other aids.

Figure 3. Droplet photos from 3 minutes 3000 rpm

emulsion mixing.

Figure 4. Droplet photos from 3 minutes 2000 rpm
emulsion mixing.

Figure 5. Droplet photos from 3 minutes 1000 7pm

emulsion mixing.
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Figure 6. Droplet photos from 1 minute 3000 rpm Figure 7. Droplet photos from 1 minute 2000 rpm
emulsion mixing. emulsion mixing.
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Figure 8. Emulsion particles (3 minutes mixing; 2000 7pm; 10 seconds).
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Figure 9. Emulsion particles (3 minutes mixing; 2000 rpm; 25 seconds).
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Figure 13. Droplet diameter at a certain time (mixing
mixing). 3000 rpm).
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Figure 16. Emulsion particles (3 minutes mixing; 3000 rpm; 50 seconds).
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4. CONCLUSION

Research has been carried out by completing the
design of a water-diesel emulsion mixer and performing
visual and quantitative tests by measuring the droplet
diameter. Based on the study, the recommended mixing
time that produces a stable mixture for all mixing speeds is
with
microscopic test results that can be mixed evenly at a

3 minutes, the achievement of visible and
stirring time of 3 minutes. Stirring for 1 minute can also
produce a stable emulsion, but only at 3000 7pm. The
emulsion tends not to be mixed and separates immediately
so that the diameter of the droplet cannot be measured.
The recommended mixing speed to produce a stable
emulsion is 2000 rpm and 3000 7pm because the visual test
results are evenly mixed, and microscopic photos can still
show clearly visible grains. The smallest droplet diameter
is (0.3 pm) obtained at a mixing speed of 2000 rpm. Thus,
biodiesel and water emulsion fuel can be produced with
the lowest stirring speed at 2000 7pm without additional
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N
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o
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Figure 19. Droplet diameter at a certain time (mixing,
2000 rpm).

surfactants. Furthermore, this research will be carried out
by developing a mixing method so that the droplet
diameter distribution is more even and testing the
application of RTES mixers on diesel engines so that
RTES mixers can be developed into ready-to-use
technology.
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