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Abstract. The use of diesel engines for vehicle applications has expanded for decades. However, it
produces black smoke in the form of particulate matter contains fine and invisible particles during
operation. The popular method for measuring the smoke opacity is by using a smoke meter for its
simplicity and less costly. Fuel injection pressure is one of the parameters that affect the emission
significantly, and the proper nozzle adjustment can reduce the density of exhaust gases and improve
the engine performance. The purpose of this study is to determine the optimum fuel spray pressure
that produces the lowest opacity value and analyse the effect of fuel spray pressure on the opacity
value at a different engine speed. The present experiment uses the Hyundai D4BB engine, and the
pressure variations were implemented on the injector nozzle at 125, 130, and 135 kg/cm2. The
engine was also tested with various engine idle speed, i.e., 1000, 1500, 2000, and 2500 rpm. It has
been found that the optimum distance of fuel spraying is 147.679 mm with injector nozzle pressure
130 kg/cm2, and the value of opacity is 9.51%.
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1. Introduction
Even though the efficiency of internal combustion engine is low [1], the use of diesel engines for
vehicle application has expanded since the late 15th century [2]. Not only for transportation, but
diesel engines are also widely used in various fields such as agriculture and engineering machinery
for its durability and reliability. However, diesel engines produce more air pollution that affects the
health condition [3]. Diesel engines produce fine particles, harmful gases, and polycyclic
hydrocarbons that are very dangerous for health. Therefore, innovative development and research
has been conducted widely to reduce the emission [4].
The emissions produced from the engine in the form of particulate matter (PM) contain fine and
invisible particles. Poor engine condition and maintenance, low-quality fuel, and improper
combustion Air Fuel Ratio (AFR) can all cause high amount of emissions [5]. The popular method for
measuring the smoke opacity is by using a smoke meter for its simplicity and less costly. The
instrument utilizes the physical phenomena of the smoke by measuring the extinction (scattering
and absorption) of the transmitted light beam. However, some issues have been reported during the
smoke opacity meter application on the advance engines, such as insufficient resolution, crosssensitivity to nitrogen dioxide and insensitivity to small particles [6].
Recently, several studies have been conducted to measure opacity level on diesel engines. A diesel
engine (Mitsubishi L300 type) has been studied by Ichsan et al. [7] to know the effect of injection
pressure on the opacity value. The engine was tested at various injection pressure, i.e. 110, 110, and
120 kg/cm2. The investigation result shows that the injection pressure at 120 kg/cm2 produces the
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lowest opacity value. The similar experiment also has been reported by Karthic et al. [8]. The work
investigates a diesel engine which operated at a constant speed of 1500 rpm at various fuel injection
pressures, i.e. 200, 220, 240 and 260 bar using B30 biodiesel fuel. The experimental result shows that
hydrocarbon and carbon monoxide emissions reduction has been found to be 46.15% and 15.9%
respectively compared to static fuel injection conditions.
Fuel injector is a device for spraying diesel fuel in a very fine scattering mist into the combustion
chamber. Fuel Injection Pressure (IP) and fuel injection timing are the parameters that affect the
engine performance, combustion, and emission significantly [9]. Also, the proper nozzle adjustment
can reduce the density of exhaust gases and improve the engine performance [10]. The main focus of
the study was to investigate the effect of injection pressure on the smoke opacity level using a
Hyundai D4BB type diesel engine. The engine was operated at various fuel injection pressure (125,
130 and 135 kg/cm2) and different constant speed (1000, 1500, 2000, and 2500 RPM).
2. Experimental Setup and Procedure
The experiment was carried out on the 4-cylinders diesel engine (Hyundai D4BB), and the smoke
opacity was measured using an opacity smoke meter. The engine used for the experiment previously
was dismantled from the vehicle and later on assembled on the testbed, as shown on Fig. 1. The major
engine specifications are described in Table 1 [11].
Table 1. Engine specification
Hyundai D4BB Diesel Engine
Rated power

28/1,800

(ps/rpm)

Engine displacement

2,607

(cc)

Compression ratio

22:1

Standard injection pressure

120

Fuel Injection Pump

Bosch VE Type

(kg/cm2)

Figure 1. Diesel engine performance testbed
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The experiment was conducted using B30 biodiesel fuel. It was a blended of biofuel or Fatty Acid
Methyl Ester (FAME) and petroleum diesel fuel in volumetric ratio 30:70. Furthermore, the fuel was
delivered to the combustion room trough the swirl chamber for better fuel mixing by the Bosch VE
injection pump. According to the shop manual [12], the factory standard IP was set at 120 kg/m2,
and pressure adjustment was allowed between 125 - 135 kg/m2. Before the experiment, the IP of
each injector was measured by standard nozzle tester (see Fig. 3), and then the engine was operated
at various pressure, i.e., 125, 130, 135 kg/m2. At this point, the opacity level was measured using
automotive opacity smoke meter for different engine idle speed (i.e., 1000, 1500, 2000, and 2500),
as shown in Fig. 4.

Figure 2. Nozzle tester

Figure 3. Automotive opacity smoke meter
3. Results and Discussions
The experimental results of the injection pressure effect on the smoke opacity level were reported
and discussed in this section. The opacity was measured several times at various IP and idle speed.
The readings were analyzed statistically using Student’s t test to evaluate the hypothesis of the
samples [13].
The comparison of opacity mean values and engine speed at various injection pressure is shown
on the Fig. 4. Opacities are typically expressed as a percentage value. 0% opacity represents clear air,
and 100% opacity is the infinite smoke. The result shows that the highest opacity value was obtained
by the IP = 125 kg/cm2. Meanwhile, the adjustment at IP = 130 kg/cm2 gives the best opacity level.
The smokes produce by the diesel engine was the result of over-rich AFR or partially evaporated fuel
[14]. When the fuel injection was over-pressured, the fuel droplet sprayed into the chamber in
nanostructure size and unable to mix with air properly to form a homogenous mixture, resulting in
the incomplete combustion.
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Figure 4. The comparison of opacity value and engine speed
The results show that that the injector nozzle pressure 125 kg/cm2 obtained an average opacity
value of 11,71%, the pressure of the injector nozzle 130 kg/cm2 obtained an average opacity value
of 9,51%, and at the pressure of the injector nozzle, 135 kg/cm2 obtained opacity value of 10,50%.
Meanwhile, the opacity test results at various engine speeds show that the opacity value was
increased along with engine speed increment.
4. Conclusions
The effect of fuel injection pressure has been evaluated using a smoke opacity meter at various engine
speeds. Based on the experimental results, the optimum fuel injection pressure adjustment for
Hyundai D4BB diesel engine, where at 130 kg/cm2 with average combustion opacity value, is 9.51%.
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