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Abstract- Recently the world has a very important need for 

replacement fossil fuel with renewable sources of energy. 

Greenhouse effect is considered one of bad effects of fossil fuels, 

which causes increase of global temperature. Biodiesel is one of 

fossil fuel alternatives, which can be produced from many 

organic sources. Scientists are searching for adding nano-

materials to fueling system, which can modify fuel 

characteristic in compression champers. In this study diesel fuel 

will be replaced with blends of diesel and biodiesel produced 

from waste cooking oil (WCO) is created using a catalytic 

transesterification reaction (CTR). With the addition of a low 

concentration of alcohol over the period of an hour at a 

reaction temperature of 65 °C, (CTR) converts (WCO) to 

methyl esters. Blends consisting of (40 % diesel, 60 % biodiesel 

and CuO nano-martial with different concentration) will be 

prepared for fueling direct injection engine four-stroke. The 

engine will be run at 1400 rpm with natural aspiration under 

various loads. Using blends of (pure diesel, B40 [consist of 60 % 

biodiesel and 40 % diesel], 50b40 [consist of 60 % biodiesel, 40 

% diesel and 50 mg CuO], 100B40 [consist of 60 % biodiesel, 40 

% diesel and 100 mg CuO], 150 [consist of 60 % biodiesel, 40 % 

diesel and 150 mg CuO] and pure diesel). On engine 

performance and emissions, the impact of using copper oxide 

has been studied.  The results of the experiment demonstrate 

that diesel engines can run on various mixtures of fuel, 

biodiesel, and CuO nano-material under the same operating 

conditions. The obtained data indicates that a 10% increase in 

brake thermal efficiency was noted, decrease in exhaust 

temperature with 11.6 % and decrease in brake specific fuel 

consumption with 6.66 %. 

Keyword: internal combustion engine; emissions; biodiesel; 

nanoparticles; waste cooking oil; direct injection diesel engine 

I.  INTRODUCTION 

Recently, the searching for new and renewable sources of 

fuel has been increased [1-3]. Using sunflower and soyabean 

biodiesel with silver thiocyanate nano-material modify BTE 

[3-6]. This is after agreement of many countries and 

institutions for adopting the international trends to preserve 

the environment by reducing emissions and reducing fossil 

fuel consumption [1, 7]. So, they were working to raise the 

efficiency of combustion systems performance, especially in 

the application of internal combustion engines [8-11]. To 

achieve this goal, all research authorities sought to maximize 

the production of alternative fuels that can be used in internal 

combustion engines without fundamental change in the 

original fuel systems [12-14].  

The production of biofuel from used edible oils, the 

cultivation and harvesting of algae [15, 16], and the 

fermentation of agricultural residues were among the most 

important research directions in this regard [17]. In this 

context, the researchers worked through innovative 

mathematical and numerical methods in their research with 

the use of nanometric materials technologies to reach the 

best performance parameters in internal combustion engine 

systems [18-21]. Fossil fuels are considered a non-renewable 

energy source [22]. Fossil fuel price changes according to 

world political and economic problems and may be used as a 

mean of political pressure on any country [23, 24]. 

Emissions from fossil-fueled engine have a harmful 

environmental effect [25-27]. These emissions should be 

reduced to fit environmental guidelines. Scientists have been 

investigated in using nano-materials with biodiesel in direct 

injection engine [28-30]. The results show that nano-material 

with biodiesel has modified engine characteristics.  

There are some of results, which had been approved [31, 

32]. Using B25 with 50 ppm alumina nano-material, engine 

performance increased by 4.8 %, BSFC was decreased by 

8.5 % and HC ,CO and smoke concentrations were 

diminished by 36 %, 20 % and 44 % , respectively [33] . 

Using novel graphene oxide GO with waste cooking 

biodiesel with concentrations of 100 and 200 ppm leads to 

lesser WCBD100GO and WSBD 200GO BSFC (3% and 7% 

kg/kWh). In spite decrease exhaust gas temperature by 7 % 

and 16 % , respectively and increase of BTE by 4 % and 1.2 

% , respectively [34].  

    Using CeO2 nano-material on neat palm oil methyl 

ester and diesel blends with concentration of 10, 20 and 30 

nm reduces BSFC and increase BTE. However, CO and HC 

concentrations were reduced by 3.6 % and 4.2 %, 

respectively. NOx and smoke emissions reduced by using  
CeO2nano-material by 3.8 % and 6.4 % , respectively [35]. 

Adding 100ppm TiO2to Pongamia biodiesel fuel leads to 

reduce HC, smoke concentrations,  NOx and CO by 2.1 % , 

2.7 %, 3.8 % and 1.9 % , respectively [36]. Running diesel 

engine with WCO B20 using carbon nanotubes and 

graphene nano sheet with concentration of 100 ppm 

improved BTE by 8 % and 19 %, respectively. Causing a 

decrease of smoke by 28 % and 54 % , respectively, CO by 

27 and 47 % , respectively,  NOx by 22 % and 44 % , 

respectively [37].  

Operating direct injection diesel engine at constant speed 

with natural aspiration with mahua biodiesel by adding 100 

ppm copper oxide of 10 and 20 nm had improved BSFC and 

BTE by 1.3 and .7%, respectively [38]. Causing an improve 

in CO, NOx, HC, and smoke emission by 4.9, 3.9, 5.6, and 

2.8%, , respectively [39]. Using Sr@ZnO nano-material with 

30, 60 and 90 ppm in blend 20 % Ricinus 
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communis biodiesel and 80% diesel in common rail direct 

injection engine at constant speed leads to increase in  HRR 

,BTE and cylinder pressure increased by 24.35 %, 20.83 %  

and 9.55% , respectively. Although ID, BSFC, smoke, CD, 

HC, CO andCO2 reduced by 20.64 %, 20.07 %, 27.90 %, 

14.5 %, 26.81 %, 47.63 % and 34.9%, respectively.  

While NOx concentration had a slightly increase [40].  

There is an improve in BSFC and BTE by using (CeO2) 

nano-material with biodiesel in DI engine and reduction in 

concentration of soot, NOx , smoke opacity, CO and  HC 

[41]. Using a nanosized silver thiocyanate structure in diesel 

engine fueled by 50 % diesel and 50 % biodiesel improves 

engine performance and emissions [42]. Using 25, 50 and 75 

nano-material of cerium coated zinc oxide (Ce-ZnO) with 

diesel–soybean biodiesel blends in diesel engine leads to   

BTE and HRR increasement by 20.66 % and 18.1 %, 

respectively. Causing reduction of CO, smoke, and HC by 

30 %, 18.7 %, and 21.5 %, respectively [43]. There is a 

noticeable increase of BTE by 27.16 % by using 50 % diesel 

and biodiesel with adding 200 ppm  silver thiocyanate 

AgSCN and 4% hydrogen peroxide (H2O2) [44].  

Using (SC1) [Mn (EIN)4(NCS)2] 12.25 nm nano-

material with concentration of 50,100 and 150 in diesel 

engine fueled by 49 % biodiesel and 49% diesel and 2% 

hydrogen peroxide (H2O2) leads to improve BTE by 14.8–

20.52%. Causing reduction in smoke, CO and HC by 32–

44.27 % , 48.19–62.05 % and 15.34–60.94 % comparing 

with pure diesel [45]. Operating diesel engine with natural 

aspiration by adding 77 nm CuO with concentration of 1000 

and 2000 ppm caused to reduce emissions rates as CO 

reduced by 14.6 % and 20.8 %, HC reduced by 6.2 % and 

13.4 %, and NOX by 4 %, and 4.7 %. Both concentrations of 

CuO enhance the heating value of the diesel fuel. (BSFC) 

decreased by 4.5 % and 8 % while (BTE) increased by 5.5 % 

and 14.6 % for 1000-CuO and 2000-CuO, respectively [46].  

Adding (CeO2) nano-material  of 25, 50, 75 and 100 ppm 

to diesel engine fueled by biodiesel blends improves the 

BTE , reduces emissions and BSFC [47]. Running diesel 

engine with adding TiO2 metal-based material increases the 

maximum cylinder pressure HRR, as improvement the 

engine performance and combustion [48]. Adding TiO2 to 

diesel engine increase in heating value and Cetane number 

[49]. Adding graphene oxide (GO) nano-material to diesel 

engine fueled by biodiesel blends causes a reduction in CO , 

UHCs and BSFC, although there is an increase in 

NOX concentration [50]. Running diesel engine with 

biodiesel blends by adding carbon coated aluminum (Al@C) 

nano-material causes a reduction in  BSFC, CO, NOx 

concentrations [51]. Therefore, engineers, scientists and 

researchers are looking for suitable replacement for diesel 

which can be used in direct injection diesel engines. 

In this case, WCO is produced by Catalytic 

transesterification reaction. After producing biodiesel 

process washing process takes place to get out of any 

impurities and modify biodiesel properties such as density 

and viscosity. Different percentages blends will be made 

with diesel, biodiesel, and CuO nano-material. The diesel 

engine will run with varied loads at a constant speed of 1400 

rpm. The engine is connected to a hydraulic dynamometer, 

which allows the operator to switch loads. The impact of 

using different blends will be compared with diesel 

characteristics by measuring brake specific fuel consumption 

BSFC, brake thermal efficiency BTE, exhaust temperature 

Tex, and emissions rate. 

II. EXPERIMENTAL SETUP AND PROCEDURE 

A. Engine and Test Rig Installation  

The test rig has a diesel engine model (ZS1125NM) 

attached to hydraulic dynamometer type (ATE-160 LC)[4, 

52]. The dynamometer enables the operator to change loads 

during operating the engine. Flow control valves are attached 

to the test rig, which was created to allow the operator to 

choose and change the fuel type while the engine was 

operating. For fuel consumption, the test rig has grades on 

fueling system, which enables the operator to calculate the 

amount of fuel consumed in certain time[53]. Gas analyzer 

devise model (GASBOARD-5020) is attached to test rig, 

which measures emissions (CO,CO2, O2, UNHC, NOx). Soot 

analyzer device model (GASBOARD-6010) is used which 

measures soot rate in exhaust gases[54]. RPM indicator is 

used to engine speed. Thermocouples are applied to measure 

the temperatures of cooling water, oil, and inlet / exhaust. 

The schematic and actual test rig is shown in figures 1 and 2. 

 

 
Figure 1. Schematic diagram of test rig 

 

Figure 2. Actual photo of the test rig 

Blend tank Thermocouples 

Blend 

control 

vales dynamometer 
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B. Engine and dynamometer Specifications 

The characteristic of direct injection diesel engine is 

illustrated in table 1. Hydraulic dynamometer model 

(ATE-160 LC) load cell with digital torque indication 

attached to engine. Load cell capacity ranges from 0 to 

350 kg (0 to 1050 N-m)[55]. Lever arm calibration 

length[56, 57]: 0.7645 m. wheel and sensor with 60 teeth. 

shaft-mounted half of the coupling. Hydraulic and water 

absorption. 

C. Nano particle properties 

Due of its distinctive qualities, including improved 

electrical conductivity, hardness, and ductility, 

nanomaterial research is garnering more and more 

attention [58]. Metals and alloys' increased hardness and 

strength, semiconductors' improved luminescence, 

ceramics' formability, and their use in magnetic storage 

media are all contributing factors. transformation of solar 

energy, electronics, and catalysis [58]. One of the most 

important the oxides of transition metals is copper oxide. Copper 

oxide plays a crucial role in the production of high-tc 

superconductors, photoconductive and photothermal applications 

[59]. Copper oxide nano-material were synthesized via the sono-

chemical method [60]. Sol-gel technique [61] at room 

temperature, one-step solid state reaction technique [62], 

electrochemical method [63], and co-implantation of metal and 

oxygen ions [64]. 

Copper oxide size and shape was obtained by using 

TEM has been on JEOL JEM-2100 accelerating voltage of 

200 kV, and a high-resolution transmission electron 

microscope, respectively. At a 200kV accelerating voltage, 

wide-angle X-ray diffraction and small-angle capability 

XRD experiments were conducted, respectively. An XRD 

pattern has been performed within a range of 2 theta (20-

80), with minimum step size 2Theta:0.001, and at 

wavelength (Ka) = 1.54614. 

 
Table 1. Direct injection diesel engine specification. 

Parameters Specifications 

Type of engine Model number model ZS1125NM horizontal, 
single cylinder, four strokes, water cooling 

Bore* stroke* swept 

volume 

125 mm * 120 mm* 1.473 L 

Power  9 HP /2200 rpm 

Injection pressure 20±0.49 MPa 

Cooling system Condenser 

Lubrication system Pressure   /splash 

Table 2. Vopper oxide nano-material specification 

Parameters Specifications 

Appearance (Color)   Dark Brown 

Appearance (Form)   powder 

Manufacture date   5/2017 

Expire date                 8/2023 

Solubility                   Suspended in 

Average Size (TEM)   Water40 ± 5nm 

 

Figure 3. XRD pattern 

 

Figure 4. TEM micrographs properties: 

D. Production of Biodiesel 
In production process, WCO is converted into biodiesel 

by a catalytic transesterification mechanism. Catalyst 

(NaOH), methanol, and used waste cooking oil are the 

reaction's components. The reaction needs 60 minutes with 

mixing conditions at 65 °C. The oil will be burnt if 

reaction temperature becomes more than 65 ℃ therefore, 

the reaction must be under thermal control.  The electric 

mixer is programmed to operate until the reaction 

temperature reaches 65 °C. If reaction temperature rises, 

the mixer will be turned off. At a volumetric oil to 

methanol ratio of 1:1.2035 and a catalyst weight 

concentration of.65%, the highest biodiesel production 

yield of 93% is achieved. The reaction produces glycerol, 

biodiesel, fat, and dirt. For a good separation, glycerol 

needs to be separated for roughly 12 hours. Figures 5 and 

6 depict the production bench and production rig 

schematic diagram. 

   Biodiesel washing process was performed after 

biodiesel production process washing process takes place. 

Biodiesel must be cleaned of fats and other impurities 

using a washing procedure. With a volumetric ratio of 1:1, 

hot water is employed at 100 °C. Washing process needs a 

special technique for avoiding foaming of biodiesel so 

washing mixer cannot run continuously. The mixer is 

controlled to run for 5 seconds and stop for 3 seconds in 

each washing process. After 1 minute, biodiesel and water 

need time to be separated from each other. Repeating this 

process about 3:5 times for ensuring good washing. 

Biodiesel may turn into soap if washing process takes long 

time more than 1 minute. Biodiesel physical properties 

change during washing like density and color. The 

decrease in density is benefit for fueling system. By the 

end of washing process, the biodiesel is ready for using in 

diesel engine. For storing biodiesel, it is crucial to 
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maintain it in sealed containers away from air to prevent 

oxidation. 

Comparison between diesel and biodiesel were 

performed after production of biodiesel should have 

physical and thermal characteristic as diesel to ensure 

suitable replacement for diesel in fueling system and 

combustion chamber. The same fueling system that was 

made to use diesel fuel should be used for biodiesel. Large 

difference in any characteristic between biodiesel and 

diesel leads to certain problem in feeding, combustion 

chamber and exhaust gas analysis. Table 3 shows the 

characteristic variation between diesel and biodiesel. 

Table 3. Biodiesel and diesel characteristics comparison 

Fuel type Diesel biodiesel Standards 

Density (kg/m3) 780:860 850:900  ASTMD 1298 

Heating value (MJ/kg) HHV=47  HHV=40  ASTMD 240 

Kinematic viscosity 

(mm2/s) 
3.68 5.3 

ASTMD 445 

Flash point (℃) 58 167 ASTM D93 

Cetane no 54 62 ASTMD 613 

 

Figure 5. Actual Production bench 

 

Figure 6. Schematic diagram of production rig 
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It is clear from the table that the heating value of 

biodiesel is slightly lower than that of diesel. In biodiesel 

blends, this drop will result in an increase in the specific 

fuel consumption. Biodiesel has large kinematic viscosity 

than diesel that will cause a difficulty in fuel flow throw 

fueling system. Biodiesel has large density than diesel that 

will lead to poor vaporization in combustion chamber. 

However, biodiesel has a greater cetane number than 

diesel, which will improve explosion postponement 

period. 

Mixing Process was performed to get homogenous 

mixing between biodiesel and diesel. Diesel and biodiesel 

were added by desirable percentage in mixing container 

supplied with mixing motor. Mixing time may takes one 

hour to ensure good mixing. Poor mixing leads to density 

separation. Adding nano-material to the fuel blend needs a 

professional skill. Homogenous distribution of 

nanomaterial in blend is desired. The name of the blend 

should reflect all composition of it. For example, D60 B40 

N 100 means (60 % pure diesel +40 biodiesel +100 mg 

nanomaterial/liter). After mixing process the blend is 

ready to use in engine to be tested. 

Running Process for the engine was achieved after 

mixing process, running process takes place. It is 

necessary to start the engine up with diesel and run it for a 

little while first. Fueling system control valves is used to 

switch between blends. After turning fueling system to 

blend, the operator should wait a short of time to let the 

blend got into fueling system. The operator should let the 

new blend time for getting into fueling lines and fuel filter. 

Before measuring process, the operator should wait 

several minutes to let the engine to reach steady state 

point. 

Measuring process takes place after reaching steady 

state condition. Thermocouples (k-type) are used in air 

inlet and exhaust gas to measure inlet air and exhaust gas 

temperature. Graded glass tubes are fixed on fueling 

control board which enable the operator to measure fuel 

consumption. The operator can change loads while the 

engine is operating thanks to a hydraulic dynamometer 

that is linked to the engine. Load cell is connected to 

dynamometer to print out the load at digital screen. Gas 

analyzer and soot analyzer device are used to measure 

emission rates (CO, CO2, O2, UNHC, and NOx). 

 Error Analysis of the used thermocouples and gas 

analyzer are attached to test rig. Which have range, 

uncertainty and accuracy. Some physical characteristics of 

the engine have a significant impact on the empirical 

results, which could lead to inaccurate data. Therefore, 

mathematical calculations have been made to ensure the 

precision and accuracy of the experimental results. 

Equation 1 illustrates the engine's operational parameters 

and emissions uncertainty calculations. 

wR =  ((
∂R

∂x1
w1)

2

 +  (
∂R

∂x2
w2)

2

 +  ⋯ +

 (
∂R

∂xn
wn)

2

)

1
2

                                (1) 

W𝑅  reflects the overall amount of uncertainty for the 

observed data under test. w1,..,, w2,.., wn are engine 

parameters uncertainty values. Where R is the main 

function for X1, X2,…….., xn as the engine measured 

parameters. Engine execution parameters like BSFC, BTE, 

speed, and break power had uncertainty values of ±1.5%, 

±1%, ±0.3%, and ±0.5%, respectively. Additionally, the 

engine emissions uncertainty value was within the 

permitted limit of ± 0.25 %, where ± 0.15 %, ± 1.1 %, and 

± 0.65 % were the uncertainty values of the K-type 

thermocouples, airflow rate, and fuel flow rate, 

respectively. Table 4 illustrates the uncertainties of gas 

analyzer. 
Table 4. Uncertainties of gas analyzer device 

Parameters Range Accuracy Uncertainties 

(%) 

Tex 0:1000 °C ±1 oC ± 0.1 

CO 0:15.0 vol % ± 0.01 vol % ± 0.07 

CO2 0:20.0 vol % ± 0.01 vol % ± 0.05 

O2 0:25.0 vol % ± 0.01 vol % ± 0.04 

HC 0:30000 ppm vol. ± 1 ppm vol. ± 0.003 

NOX 0:1000 ppm vol. ± 1 ppm vol. ± 0.1 

Speed 0:8000 rpm ±5 rpm ±0.06 

Torque 0:110 Nm ±0.05 Nm ±0.05 

Power 0:92 kW ±0.07 kW ±0.08 

Flow rate 0.1:30 l/h ±0.02 l/h ±0.06 

SFC – – ±0.4 

LHV – – ±0.1 

BTE – – ±0.2 

Kinematic 
Viscosity 

0.2:20000 mm2/s – ±0.1 

Dynamic 

Viscosity 
0.2:20000 mPa.s – ±0.1 

Density 0.65:3.0 g/cm3 0.0001g/cm3 ±0.003 

Humidity 3:99% ±0.5% ±0.5 

Temperatures 0:1000 o C ±1 o C ±0.1 

Ambient 

pressure 
700:1100 mbar ±1 mbar ±0.09 

Table 5. The list of tested conditions: 

Case Symbol Composition 

1 D100 B0 N00  100 % pure diesel  

2 D60 B40 N00  60 % pure diesel +40 biodiesel  

3 D60 B40 N50  60 % pure diesel +40 biodiesel +50 mg 

nanomaterial/liter 

4 D60 B40 N100 60 % pure diesel +40 biodiesel +100 

mg nanomaterial/liter 

5 D60 B40 N150  60 % pure diesel +40 biodiesel +150 

mg nanomaterial/liter 

III. RESULTS AND DISCUSSIONS 

For each running case, different data are obtained after 

the engine has been run with various blends and 

measurement methods. 

A.  Impact of using copper oxide on brake specific fuel 

consumption 

BSFC is among the most important parameters of 

engine performance. It is defined as the ratio of produced 

power in the engine to fuel consumption at specific time. 

From figure 7 it is clear that the BSFC goes down by 

elevating load. By comparing diesel with D60 B40 N00 it 

is shown that pure diesel BSFC at any load is smaller than 

D60 B40 N00 BSFC due to biodiesel's high viscosity and 

low heating value. Biodiesel high viscosity leads to poor 

vaporization in combustion chamber that will lead to 

consume more fuel than pure diesel at the same load. 

Biodiesel low heating value than diesel causes an increase 

in fuel consumption.   

5

Elkelawy, Elshenawy Abd elhamid, Hagar Alm ElDin Mohamad, Ibham Abd-Elhay Elshennawy: Effect of CuO Nanoparticles on Performance and Emissions Behavior

Published by Arab Journals Platform, 2022



Vol. 6 – No. 5, 2022  Journal of Engineering Research (ERJ) 

 

235 

 

 

Figure 7. Brake specific fuel consumption 

 

By adding CuO nanomaterial BSFC starts to decrease 

until it be smaller than pure diesel BSFC. The decrease of 

BSFC increase by increasing CuO nanomaterial. The 

maximum decrease in BSFC is between pure diesel and 

D60 B40 N150 is 6.66 % 6 at kW. This decrease makes 

CuO nanomaterial one of the best choices to be used with 

biodiesel blends to replace diesel in direct injection 

engines. 

B. Impact of using copper oxide on engine brake thermal 

efficiency 

BTE is regarded as one of the most crucial engine 

characteristics since it measures the amount of energy that 

is converted from fuel into power. Figure 8 of the BTE 

diagram shows that the BTE rises as the load rises because 

of complete combustion. By comparing pure diesel BTE 

with D60 B40 N00 it is shown that D60 B40 N00 BTE is 

smaller than pure diesel because of low heating value. By 

adding CuO nano, material BTE starts to increase 

gradually until it exceeds pure diesel BTE reaching its 

maximum value at D60 B40 N150. The maximum BTE 

increase is 10 % at 6 kW is. This increase in BTE shows 

that by adding kw nanomaterial the BTE will be modified. 

 

 

Figure 8. Engine brake thermal efficiency 

 

Figure 9. Carbon dioxide rate 

 

Figure 10. Exhaust temperature 

C.  Impact of using copper oxide on carbon dioxide rate 

   Carbon dioxide concentration refers to complete 

combustion possibility. Figure 9 shows CO2 concentration 

for all blends. The figure shows that by increasing the load  

CO2 concentration increase due to the increase of 

combustion reaction rate. By comparing diesel with 

blends, it is clear that CO2 concentration decreases by 

using D60 B40 N00, but it begins to increase by using 

CuO until it exceeds pure diesel value. The maximum 

increase between D60 B40 N150 and pure diesel is 11.1 % 

at 6 kW. By considering the increase in BTE and decrease 

of BSFC and  CO2 concentration by using CuO it is 

obvious that the more using CuO nanomaterials the more 

complete combustion takes place. 

D. Impact of using copper oxide on engine exhaust 

temperature 

 Tex relates to the rate of combustion reaction in the 

combustion chamber. Figure 10 illustrates engine exhaust 

gases temperature for blends. It is evident from the 

diagram that when load increases, exhaust gas temperature 

rises as a result of an increase in combustion chamber fuel 

consumption. By comparing diesel Tex with blends, it has 

6

Journal of Engineering Research, Vol. 6 [2022], Iss. 5, Art. 26

https://digitalcommons.aaru.edu.jo/erjeng/vol6/iss5/26



Vol. 6 – No. 5, 2022  Journal of Engineering Research (ERJ) 

 

236 

 

shown that by using biodiesel exhaust temperature 

decrease than pure diesel. The more CuO used the more 

exhaust temperature decreases. The maximum decrease in 

Tex is between pure diesel and D60 B40 N150 is 18.4 % 

at 6 kW. This drop in exhaust temperature is encouraging 

because it lessens the engine's thermal stress. 

E. Impact of using copper oxide on unburned 

hydrocarbon 

A higher rate of unburned hydrocarbons in exhaust 

gases indicates incomplete combustion inside the 

combustion chamber. From figure 11 it is obvious that 

hydrocarbons decrease by increasing load because BTE 

increases and CO2 concentration increases with increasing 

load. By comparing UBHC rates in diesel and blends it is 

obvious that by using biodiesel and adding CuO nano-

material the UBHC decreases. The maximum decrease in 

UBHC is between pure diesel and D60 B40 N150 is 75 % 

at 6 kW. This decrease refers to the efficiency of 

combustion which tips the balance of using CuO with 

biodiesel in compression ignition engines. 

F.  Impact of using copper oxide on nitrogen oxide rate 

Figure 12 illustrates different concentrations of NOx 

on exhaust temperature. There are a lot of factors which 

effect on nitrogen oxide rate such as high reaction 

temperature which named thermal NOx, residence time, 

availability of nitrogen and oxygen percentage in fuel. 

From NOx diagram, it is clear that concentration of NOx 

in exhaust gas increases by increasing load because of 

high reaction temperature. From the figure, it is shown that 

NOx concentration decreases by using CuO nano-material 

directly. This decrease duo to decreasing exhaust 

temperature by using CuO. NOx decrease is considered 

one of the most parameters that encourage using CuO 

nano-material in diesel engine. The maximum decrease in 

NOx is between pure diesel and D60 B40 N150 is 20 % at 

6 kW. 

G. Impact of using copper oxide on carbon monoxide 

rate 

Figure 13 shows the concentration of CO in exhaust 

gases. CO percentage in exhaust gases reflects incomplete 

combustion rate. Poor air/fuel ratios and fuel evaporation 

lead to incomplete combustion. From CO graph it is clear 

that CO concentration increase with increasing load, but 

with comparing diesel with blends it is obvious that CO 

concentration decreases by increasing CuO in blends. The 

maximum decrease in CO concentration is between pure 

diesel and D60 B40 N150 is 19 % at 6 kW. By decreasing 

of both CO and UNHC concentration, it is clear that 

complete combustion is highly related with CuO 

percentage as it increases by increasing CuO in blends. 

 

 

Figure 11. Unburned hydrocarbon 

 

Figure 12. Nitrogen oxide rate 

 

Figure 13. Carbon monoxide rate 
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IV. CONCLUSION 

    By catalytic transesterification reaction, 93% of the 

WCO was converted into biodiesel. Reaction conditions 

are 65 ℃ reaction temperature, .2035:1 methanol to WCO 

volumetric ratio .65 % weight concentration of catalyst 

and 60 minutes reaction time. The cost and production 

process for biodiesel are extremely straightforward. The 

properties of the produced biodiesel are equivalent to 

those of pure diesel. It is relatively easy to operate direct 

injection engines with mixtures of diesel, biodiesel, and 

CuO nano-material. The following results have been 

acquired after running the engine with various blends 

without making any modifications to the engine and 

examining the data of loads, fuel consumption, and 

exhaust composition.  

- Brake thermal efficiency increases with using copper 

oxide with 10 %. 

-  CO2 concentration increases with using copper oxide         

with 11.1%. 

-  CO and UBHC concentration decrease by using 

copper oxide by 19 % and 75 % representatively. 

-  Exhaust temperature decreases with using copper 

oxide with 18.4 %. 

- BSFC decreases with using copper oxide with 

approximate ratio of 6.66%. 

 - NOX concentration increases with using copper oxide 

with 20 %. 

 Finally, the diesel engine can operate with various 

diesel, biodiesel, and copper oxide blends under the same 

operating circumstances without requiring any engine 

modifications. 
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WCO Waste Cooking Oil 

WCBD Waste Cooking Biodiesel 

CTR Catalytic Transesterification Reaction 

CuO Copper Oxide 

GO Graphite Oxide 

CeO2 Cerium Oxide 

HC Hydrocarbon 

NOX Nitrogen Oxide 

Ce-ZnO Cerium Doped Zinc Oxide 

Sr@ZnO Cerium Coated Zinc Oxide 

Al@C Carbon Coated Aluminum 

𝐻2O2 Hydrogen Peroxide  

CO Carbon Monoxide 

CO2 Dioxide 

O2 Oxygen 

UNHC Unburned Hydrocarbon 

TiO2 Titanium Dioxide 

NaOH Sodium Hydroxide 

PPM Part Per Million 

BTE Brake Thermal Efficiency 

BSFC Brake Specific Fuel Consumption 

HRR Heat Release Rate 

HP Horsepower 

XRD X-Ray Powder Diffraction 

TEM Transmission Electron Microscopy 

rpm Revolution Per Minute 

ID Ignition Delay 

CD Combustion Duration 

Mn Manganese 

HHV Heigh Heating Value 

ASTMD Appearance Smell Taste Mouthfeel Drinkability 

PPM Part Per Million 

VOL Volume 
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