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1. Introduction

Waste vegetable oils can be used as an alternative fuel in

diesel engines. When waste vegetable oils is used directly

Abstract

Diesel engines are one of the most common reciprocating engines for use in many
applications that convert the chemical energy in the fuel into kinetic energy. Veg-
etable oils are viewed as an alternative fuel or sustainable fuel and are utilized
straightforwardly in diesel engines. Since these oils are sustainable and ecological
amicable. The injection pressure of diesel engines can be altered to help ensure
that the viscosity of the vegetable oils is low enough to allow proper atomization
of the fuel. Waste vegetable oils can also be blended with diesel fuel for use under
a wide range of conditions. The injection pressure is one of the important varia-
bles affecting the emissions of the engine. In this experimental study: the effect of
changing the injection pressure 170, 185 and 200 bars on the emissions of a diesel
engine by using different types of blends of waste vegetable oils with diesel fuel
was studied. The important results are that with an increase in injection pressure
it leads to reduce carbon monoxide in a range of percentages from 5% to 35%, as
well as reducing carbon dioxide emissions in a range of percentages from 2% to
12% compared to the 170 bar injection pressure at different loads. Carbon diox-
ide is one of the main pollutants that cause an increase in global warming, and the
use of these oils with a change in injection pressure has led to a further decrease
in carbon dioxide emissions, and thus a decrease in global warming.
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Injection Pressure, Diesel Engine, Diesel Fuel, Waste Vegetable oil, Renewable
Fuel and Exhaust Gas Emissions.

sel engines can be altered to help ensure that the viscos-
ity of the vegetable oil is low enough to allow proper
atomization of the fuel. Waste vegetable oils can also be

blended with conventional diesel for use under a wide

as a fuel in a diesel engine, the injection pressure of die-
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range of conditions. These oils are environmentally
friendly and help reducing the global warming, where
carbon dioxide constituted about 79-81 % of all green-
house gas emissions in world from human activities in
2020 [1,2] as it is the main gas responsible for the in-
crease in global warming.

The effect of injection pressure on the performance of a
diesel engine using different types of fuel is the focus of
many researchers. The used different fuels, hone bio-
diesel with injection pressure 180 to 240 bars [3], Neem
oil methyl ester and castor oil methyl ester [4], DF with
injection pressure from 100 to 250 bars [5], fuels at dif-
ferent cetin numbers with injection pressure 100 to 250
bars [6], Fresh Corn oil and palm oil with injection pres-
sure 120 to 210 bars [7], lemon grass methyl ester with
injection pressure 210 to 240 bars [8], fatty acid methyl
ester with injection pressure 125 to 135 bars [9], waste
cooking oil at 160 bar injection pressure [10], algae oil
methyl ester with injection pressure 240 to 260 bars
[11], polanga oil and thyme oil with injection pressure
180 to 220 bars [12], honge-rice bran biodiesel with in-
jection pressure 180 to 220 bars [13], syzygium cumini
oil biodiesel with injection pressure 200 to 260 bars
[14],

bars [15], waste cooking oil biodiesel with injection

jatropha oil with injection pressure 400 to 600

pressure 170 to 220 bars [16], third generation Azolla
biodiesel with injection pressure 300 to 900 bars [17],
hydrogen fuel with injection pressure 50 and 70 bars
[18] and biodiesel-butanol blends at different injection
pressures [19]. Other researchers have studied the effect
of biodiesel blended with diesel fuel on diesel engine
emissions without change of injection pressure, such as,
biodiesel from sunflower and soybean [20, 21], Biodiesel
from Pithecellobium dulce seed oil [22, 23], Biodiesel
from jatropha oil [24], Biodiesel from algae [25], Bio-
diesel from acetone [26], Nano sized silver and hydrogen
peroxide used as nanoparticles additive in die-
sel/biodiesel fuel blends [27, 28] and Biodiesel from
waste cooking oil and cyclohexane [29, 30]. Biodiesel is
produced from many types of vegetable oils by trans-

esterification—a process that converts fats and oils into

biodiesel and glycerin.

From previous studies: the focus is on emissions of CO,
COz , HC and NOx, where carbon dioxide constituted
about 79% of all greenhouse gas emissions in the United
States from human activities in 2020 [2] as it is the main
gas responsible for the increase in global warming.
Therefore, waste vegetable oils were used in this
research because they are environmentally friendly.

The objective of the research is to use other types of oils
as a fuel for the diesel engine which is waste palm kernel
oil and waste sunflower oil. This study is to implement
practical experiment on a diesel engine using different
types of fuels, investigation the effect of injection pres-
sure and engine load on engine emissions at constant
engine speed. The aim of using these oils with a change
in injection pressure is to reduce the proportion of
harmful emissions, including carbon dioxide, which leads
to a decrease in global warming.

2. Experimental Set-up and Test Procedure

The plan designed for the experimental study of the
emissions of diesel engine using different species of fuels,
DF, and three types of blends (by volume) of waste palm
kernel oil with DF i.e. blends of 20% WPKO with 80% DF
(B20-WPKO), likewise, B30-WPKOB40-WPKO, and also
three types of blends (by volume) of waste sunflower oil
with DF i.e. blends of 20% WSFO with 80% DF
(B20-WSFO) likewise, B30-WSFO and B40-WSFO; were
studied at injection pressure change and engine load at
constant engine speed. Injection pressures used are 170,
185 and 200 bars as are the percentages of 20%, 40%
and 60% of the engine loads are used in the study at a
constant engine speed.

Fuel used main characteristics are shown in table 1. As
shown in this table: pure diesel has the highest gross
calorific value, lowest viscosity, lowest density and high-
est Cetane number. When diesel fuel mixed with waste
vegetable oils to make blends; it is found that the more
percentage of waste vegetable oils in the blends, the
higher density, the higher viscosity, the lower gross calo-
rific value and lower Cetane number. Pure WVO has the
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lowest gross calorific value, the highest viscosity and

density.
Table 1. Properties of Fuel
Pure Pure
bF WPKO  WSFO
Calorific value
(kI/kg) 42700 37200 37000
Viscosity (mm2/s)
at 35 oC 5 69.6 67.7
Density (p)
(ke/m3) 780 835 845
Cetane No.( CN) 48 36.5 37
. Cio8H1s.7 Cs7H10306
Chemical Formula 31] - 132]

In the current experimental study a diesel engine was
used with the specifications shown in table No. 2. Sche-
matic diagram and a photographing plate of the experi-
mental set-up are shown in Fig.1.

Table 2. Specification of the used diesel engine

Model Deutz-F1L511
Type 4 stroke, direct injection
No. of cylinder 1
Compression ratio 17
Bore 100 mm
Stroke 105 mm
Power 5.7 Kw
Type of cooling Air cooling

Figure 1(a) Schematic Diagram of the Experimental Setup

Figure 1 (b) A photographing Plate of the Experimental Set-up

(1) Diesel Engine; (2) Electrical Dynamometer; (3) Exhaust
Gas Analyzer; (4) Voltage Regulator;(5) Air Box; (6) The Optical
Tachometer; (7) Exhaust Gases Pipes;(8) Fuel Consumption
Rate Device; (9) Biofuel Tank; (10) Diesel Fuel Tank;(11) The
Digital Weight; (12) Fire Extinguisher and (13) Stop Watch

Figure 1. Schematic Diagram and a Photographing Plate of the
Experimental Set-up

The excitation voltage field is adjusted to control the en-
gine output by controlling the current entering an elec-
trical dynamometer Therefore, the engine is adjusted at a
certain load during test. The accuracy of the optical ta-
chometer is £0.01% used to measure engine speed. Table
No. 3 illustrates during the test: the accuracies of the
sensors used to measure the exhaust gas entering the

measuring device of gases.
Table 3. Measurement accuracy of exhaust gases

co co2 HC NOX
+0.01%  +0.2%  +£0.2%

+10 ppm

3. Experimental Results and Discussion

3.1. Carbon monoxide emissions for different
fuels

The variation of CO emission for the diesel engine using
WVO blends and DF with engine loads at different injec-

tion pressures are shown in Figures 2-A , 2-B, 2-C, 2-D,
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2-E, 2-F and 2-G. From these figures we noticed that, the
concentration of carbon monoxide increases with the
increase in the load. CO emissions for WVO blends were
higher than diesel fuel and it is increased with the in-
crease in blend ratio. CO emission increase was due to
higher carbon and C/H ratio content in WVO blends
compared with DF. And on the other hand, with the in-
crease in the injection pressure the concentration of
carbon emissions decreases due to the improvement of
the combustion process of different blends of WVO. This
may be due to reduced viscosity of WVO blends which
contributes to better atomization and combustion (5, 14,
16 and 17).
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Figure (2-A) Effect of injection pressure on
CO emission for Diesel Fuel
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Figure (2-B) Effect of injection pressure on

CO emission for B20-WPKO
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Figure (2-C) Effect of injection pressure on
CO emission for B30-WPKO
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Figure (2-D) Effect of injection pressure on
CO emission for B40-WPKO
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Figure (2-E) Effect of injection pressure on
CO emission for B20-WSFO
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Figure (2-F) Effect of injection pressure on
CO emission for B30-WSFO
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Figure (2-G) Effect of injection pressure on
CO emission for B40-WSFO

Figure (2) The injection pressure effect on

CO emissions for different fuels

3.2. Carbon dioxide emissions for different fuels

Figures 3-A, 3-B, 3-C, 3-D, 3-E, 3-F and 3-G illustrated the
variation of CO:z for different fuel used versus engine
loads and different injection pressure at constant engine
speed.

The emissions of Carbon Dioxide increase with increasing
load compared with DF for B20-WPKO and B20-WSFO at
injection pressure equal 170 bars. Then, CO2 emissions
decrease with increasing load and WVO blends compared
with DF for B30 and B40 for fuel used at constant injec-

tion pressure. On the other hand, CO2 emissions for WVO

blends decrease with increase of WVO volume percentage
due to increase in oxygen content in WVO blend com-
pared with DF at constant injection pressure. As the in-
jection pressure increases; it reduces the percentage of
CO2 emissions emitted from all the fuel used and this is
due to decrease in the viscosity of the fuel used as a result
of the better atomization which leads to improved com-
bustion process (5).
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Figure (3-A) Effect of injection pressure on
CO2 emission for Diesel Fuel
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Fig. (3-B) Effect of injection pressure on
CO2 emission for B20-WPKO
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Figure (3-C) Effect of injection pressure on
CO:z emission for B30-WPKO
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Figure (3-D) Effect of injection pressure on
CO2 emission for B40-WPKO
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Figure (3-E) Effect of injection pressure on
CO2 emission for B20-WSFO
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Figure (3-F) Effect of injection pressure on
CO2 emission for B30-WSFO
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Figure (3-G) Effect of injection pressure on
CO2 emission for B40-WSFO

Figure (3) The injection pressure effect on
CO2 emissions for different fuels

3.3 HC emissions for different fuels

The variation of HC emissions for the diesel engine using
different fuels with engine loads at different injection
pressures are presented in Figures 4-A , 4-B, 4-C, 4-D,
4-E, 4-F and 4-G.

The HC emissions are minimal at no load and increase
with increase of engine load at constant injection pres-
sure. With the increase in the injection pressure the HC
emissions of all types of fuels increased due to the in-
crease in the ratio of carbon to hydrogen in the fuel and
high density (14).
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Figure (4-A) Effect of injection pressure on
HC emission for Diesel Fuel
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Figure (4-B) Effect of injection pressure on
HC emission for B20-WPKO
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Figure (4-C) Effect of injection pressure on
HC emission for B30-WPKO
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Figure (4-D) Effect of injection pressure on
HC emission for B40-WPKO
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Figure (4-E) Effect of injection pressure on
HC emission for B20-WSFO
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Figure (7-F) Effect of injection pressure on
HC emission for B30-WSFO
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Figure (4-G) Effect of injection pressure on
HC emission for B40-WSFO

Figure (4) The injection pressure effect on
HC emissions for different fuels

3.4. Nitrogen oxides emissions for different
fuels

Figures 5-A, 5-B, 5-C, 5-D, 5-E, 5-F and 5-G show the vari-
ation of NOx for different fuel used versus engine loads
and different injection pressure.

The NOx emissions are minimal when there is no load.
The percentage of NOx emissions increases with increas-
ing injection pressure versus engine load. This increase in
NOx emissions for all fuel types due to the improvement
of the combustion process resulting from better decom-

position by reducing the viscosity of the fuel used.

650
DF
N =1500 rpm
600 A — A--A P|pj.=170 bar .
® - ®--® Pinj.= 185 bar .7
& — - -9 Pnj.= 200 bar ot .
550
—
£
Q.
£ 500
ke
o
4

450

400

350

0 10 20 30 40 50 60
Load %

Figure (5-A) Effect of injection pressure on
NOx emission for Diesel Fuel
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Figure (5-B) Effect of injection pressure on
NOx emission for B20-WPKO
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Figure (5-C) Effect of injection pressure on
NOx emission for B30-WPKO
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Figure (5-D) Effect of injection pressure on
NOx emission for B40-WPKO
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Figure (5-E) Effect of injection pressure on

NOx emission for B20-WSFO
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Figure (5-F) Effect of injection pressure on
NOx emission for B30-WSFO
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Figure (5-G) Effect of injection pressure on
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Figure (5) The injection pressure effect on
NOx emissions for different fuels

4. Conclusions

An experimental fulfillment of the exhaust gas emissions
of a diesel engine using different fuels at various injection
pressures (170, 185 and 200 bars) were investigated. The
percentages of increase or decrease in CO, CO2, NOx and
HC that have been carried out are calculated compared to
the results of these emissions at an injection pressure of
170 bars. The following conclusions were obtained:

¢ The emissions of carbon monoxide decrease with
increasing of injection pressure at all different loads. The
percentages of decrease in CO emissions a range of per-
centages from 5% to 35% at 185 and 200 bars compared
to that CO emission at 170 bars are shown the figures in
Annex (A) for each fuel used.

¢ The emissions of carbon dioxide decrease with in-
creasing of injection pressure at all different loads. The
percentages of decrease in COz emissions a range of per-
centages from 2% to 12% at 185 and 200 bars compared
to that COz emission at 170 bars are shown the figures in
Annex (B) for each fuel used.

¢ The emissions of Nitrogen Oxides increase with in-
creasing of injection pressure at all different loads. The
percentages of increase in NOx emissions a range of per-
centages from 1% to 22% at 185 and 200 bars compared
to that NOx emission at 170 bars are shown the figures in
Annex (C) for each fuel used.

e The emissions of Unburned Hydrocarbons increase
with increasing of injection pressure at all different loads.
The percentages of increase in HC emissions a range of
percentages from 8% to 50% at 185 and 200 bars com-
pared to that HC emission at 170 bars are shown the fig-

ures in Annex (D) for each fuel used.
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