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Abstract. Interest in water-in-diesel emulsion fuel (W/D) grows because of its advantages in
improving fuel efficiency, reducing greenhouse emissions and retaining the quality of the
lubrication oil. Recently, a device called Real-Time Non-Surfactant Emulsion Fuel System
(RTES) have successfully created an emulsion without surfactant for a SkW single-cylinder
diesel engine generator. This study integrates the RTES into a light duty lorry, and the effect of
the integration is investigated. The lorry was tested on a chassis dynamometer with a controlled
16.6% water ratio. The results show how fuel consumption is reduced by 7.1% compared to
neat diesel. Moreover, the exhaust emission of Nitrogen Oxides (NOy) is reduced by 52%,
while as observed in other works, carbon monoxides (CO) emission also increased, in this case
by 41.6%. This integration concluded to retain similar benefits and disadvantages as tested on
the 5.5kW diesel generator.

1. Introduction
Documentation of ideas in water-in-diesel (W/D) emulsion fuel dated back from as early as 1931.
Among its advantages are the improvement of fuel efficiency, the reduction of greenhouse gases
emissions and the retainment of the quality of lubrication oil [1-4].Transportation is the main
contributor of NOy emission so integrating W/D into this sector will significantly reduce it [5].

Micro-explosion phenomena are the main reason for the improvement of the fuel efficiency and the
reduction of the particulate matter (PM). It causes a “second atomization” by rapid evaporation of the
water, so the diesel droplets become finer and more evenly distributed inside the combustion chamber
[6-8]. Despite the benefits, emulsion fuel has not taken off in the industry because of its dependency
on additives to mix the two immiscible liquids. In solving this problem, a study on a new
emulsification technology was performed; it is called the Real-Time Non-Surfactant Emulsion Fuel
System (RTES). This RTES was originally designed for a stationary SkW diesel electric generator,
and it has been proven to retain the similar benefits of conventional emulsion fuels [3]. It eliminates
the dependency of additives by supplying freshly produced emulsion fuel to the vehicle. RTES mixes
diesel and water by using three primary mechanisms; (1) water atomization, (2) high shear mixer and
(3) ultrasonic transducer. Figure 1 shows the configurations of RTES.

In this research, the feasibility of RTES integrated into a 2.8L four-cylinder diesel engine vehicle
was investigated. Its goal was to include it into the fuel supply system, to run the vehicle continuously
without stalling, and to operate the system at different vehicle speed. Furthermore, the effect of this
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integration in term of the fuel consumption and exhaust emission were also studied using WVU-5
peak drive cycle on a chassis dynamometer.

Motor speed controller
circuit board

D Fuel tank

‘Water tank

Solenoid valve

Water pump

i Mechanical valve

[l,

Solenoid pulse controller
circuit board

0

Ultrasenic circuit board L d

Mixing system

Figure 1. Real-Time Non-Surfactant Emulsion Fuel System (RTES) [3].
2. Experiment method

2.1. Test vehicle

In this study, a 1-ton lorry vehicle model Isuzu NHR categorised as a light-duty lorry was used as the
test vehicle. The engine of this vehicle is a 2.8L 4-cylinder diesel engine. The truck was designed to
fulfil Euro 2 emission regulation, and its overall specifications are given in Table 1.

Table 1. Test Vehicle Specifications.

Parameter Specification
Model Isuzu NHR 55E (4JB1)
Fuel injection system Direct injection
Cylinder 4 cylinders, in-line
Cooling system Water-cooled
Displacement (L) 2.8
Bore x stroke (mm) 93 x 102
Compression ratio 18.2:1
Fuel tank capacity (L) 75

2.2. Test fuel

Diesel and water were the only components for the emulsion fuel. Tap water was used, and its
characteristics are presented in Table 2 [9]. Euro 2 diesel was used with its characteristics tabulated in
Table 3 [10]. The percentage of water for emulsion utilised a controller to control the amount of water
supplied. The actual average water percentage is defined with a flow rate sensor during the testing.
The emulsion used in the testing is with 16.6% water percentage.
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Table 2 Characteristics of tap water. [9]

Specification Tap water
Density, g/cm?, 25 °C 1.02412
Specific conductivity, uS/cm, 25 °C 0.0532
Viscosity, milipoise, 25 °C 9.02
Vapour pressure, mm Hg, 20 °C 17.4
Isothermal compressibility, vol/atm, 0 °C  46.4 E-6
Surface tension, dyne/cm, 0 °C 72.74
Specific heat, J/g °C, 17.5 °C 3.898
Temperature of Maximum Density, °C -3.25
Freezing point, °C -1.91

Table 3. Malaysian Euro 2 Diesel characteristics [10].

Properties Unit Value
Calorific Value Ml/kg  45.28
Cloud Point °C 18
Density @15°C kg/L 0.8538
Total Sulphur mass % 0.28
Viscosity cSt 7.6 @20°C
5.1 @40°C
4.0 @60°C
Distillation Temperature, 90% recovery °C 367.9
Flashpoint °C 93.0
Pour Point °C 12
Cetane Number 54.6
Carbon wt % 84.1
Hydrogen wt % 12.8
Sulphur wt % 0.2
Nitrogen wt % <0.1
Oxygen wt % 3.9
Dielectric constant 2.1

2.3. Integration of RTES

Throughout the integration of RTES, there were three main factors considered. Firstly, the non-
surfactant emulsion stability. The produced emulsion fuel only lasted a short time before the water
started to visually separate from diesel. Therefore, the distance of the RTES from the engine was the
major factor affecting the integration design. Secondly, the space availability and RTES form factor.
The engine compartment has limited space, but RTES small form factor made it possible to mount it
as close possible to the engine. Thirdly, the fuel return line. The short life span of the produced
emulsion prevents the return of emulsion fuel to the fuel tank. Returning the fuel to its tank was not
possible because separated water from the emulsion fuel might ultimately damage the vehicle engine.
Therefore, the return line was routed back to RTES. The fuel line of the vehicle with RTES is shown
in Figure 2. This integration only modified the fuel line and electrical wiring without any
modifications on the engine. Addressing the short stability period of emulsion fuel, after integration
based on the three factors, samples of fuel from the return fuel line were withdrawn. A quick
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observation concluded that the emulsion was still intact with no apparent water layer. This showed that
the emulsion fuel was stable enough even after the injector pump and engine.
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Figure 2. Vehicle fuel line with RTES.

2.4. Drive cycle

The drive cycle selected to test the vehicle followed the West Virginia University (WVU) 5-Peak
drive cycle. The cycle was designed specifically for truck testing [11] with a drive cycle of 900
seconds and 8 km equivalent distance. The cycle peaks at 5 points e.g. 32.19, 40.23, 48.28, 56.33 and
64.37 km/h. Figure 3 shows the 5-peak drive cycle graph.
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Figure 3. WVU 5-Peak drive cycle. [11]

2.5. Measurements setup

Ono Sokki FP-2240H volumetric flow detector was used to measure the fuel consumption of both
fuels, and the device measured the flow located after the diesel tank. Only the diesel consumption of
both fuels was taken account as the fuel consumption, thus in the case for emulsion, water was not
considered. As for the exhaust emission, a Testo 350 emission analyser was used to record it. The
probe of the emission analyser was placed at the tailpipe. The emission analyser measured Nitrogen
Oxides (NO,) and Carbon Monoxide (CO) in parts per million (ppm). All measuring devices
simultaneously began and ended recording data with the drive cycle.
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3. Results and discussion

During the testing period, RTES system supplied the non-surfactant W/D emulsion fuel to the engine,
and the vehicle completed the WVU 5-peak drive cycle on a chassis dynamometer with speed ranges
from 0 — 64.37 km/h without stalling or unusual behaviour.

3.1. Fuel Consumption

The result of the fuel consumption of both fuels is shown in Figure 4. The non-surfactant emulsion
fuel with 16.6% of water (Emulsion 16.6) had a lower fuel consumption by 7.1% compared to neat
Euro 2 diesel. This result complied with the previous study of RTES on a 5kW diesel generator which
yielded a reduction of the specific fuel consumption by 3.89% [10]. The reduction of fuel consumption
was mainly believed to be caused by the micro-explosion phenomenon.
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Figure 4. Fuel consumption of both fuel.

3.2. Emission Analysis

Comparison of Nitrogen Oxides (NOy) and Carbon Monoxide (CO) of both fuels are shown in Figure
5 and Figure 6 respectively. The non-surfactant emulsion from RTES significantly reduced the NOy
emission. Under the WVU 5-peak drive cycle, 52% of average NO, reduction for Euro 2 diesel was
achieved. Bertrand D. also had a similar finding with the NO, reduction of 50% [12]. The reduction of
NOj is primarily caused by lower peak temperature of the combustion [13]. The emulsion fuel yields
lower peak temperatures because the water has the high latent heat of vaporisation that absorbs the
heat inside the combustion chamber during phase transition. However, the lower combustion
temperature also leads to the increase in CO emission [8]. In Figure 6, a notable increase of CO by an
average of 41.6% is shown. Several other researchers also observed the similar increase in CO
emission [14-15].
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Figure 5. NO, Emission on WVU 5-Peak Cycle.
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Figure 6. CO Emission on WVU 5-Peak Cycle.

4. Conclusions

The integration of RTES into a light duty lorry was successfully performed, and the concept was
proven. This integration made it possible for a vehicle to take advantage of an emulsion fuel without
the dependency on surfactant. This research also showed that the integration retained the same benefits
of previous works on W/D of reducing the fuel consumption by 7.1% and NOy emission by 52%.
However, the significant increase of CO by 41.6% needs to be addressed. These results were similar
with the previous study done on the 5.5kW diesel generator. Further research on non-surfactant
emulsion fuel with innovative technology to reduce the CO emission and better integration designs for
different kinds of application are recommended.
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