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Table 1- Standards for measuring physical thermal properties and the instruments

Property Range Unit Standard No. Instruments

Viscosity 1.9-6 mm?/s ASTM D445 Brookfield DV-II Prime
Density 0.87-0.90 g/cm® ASTM 6751-02 Density meter DA-130N
Calorific value 39.9 Mjlkg ASTM D240 Bomb Calorimeter IKA C2000
Flash point >130 °C ASTM D93 Open cup

Cloud point 3to12 °C D2500 Freezing
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Table 2- Fuel sample preparation details for 1 liter fuel quantity

No. | Sample Description

1 B0Z0 Pure diesel

2 B0Z25 Pure diesel and nanoparticle 25 mg/liter and 2% surfactant

3 B0Z50 Pure diesel and nanoparticle 50 mg/liter and 2% surfactant

4 B0Z75 Pure diesel and nanoparticle 75 mg/liter and 2% surfactant

5 B5Z0 95% pure diesel and 5% biodiesel

6 B5Zz25 | 95% pure diesel and 5% biodiesel and nanoparticles 25 mg/liter and 2% surfactant
7 B25750 | 95% pure diesel and 5% biodiesel and nanoparticles 50 mg/liter and 2% surfactant
8 B5z75 | 95% pure diesel and 5% biodiesel and nanoparticles 75 mg/liter and 2% surfactant
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Table 3- Engine specifications
Kirloskar Oil Engines Ltd., India
Vertical, four-stroke, single-cylinder
7.4 kW @ 1500 rpm
Volume :0.948 |
Compression ratio: 17.5
Water Cooling
BMEP at 1500 rpm 6.21 bar
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Table 4- Specifications and accuracies of measuring instruments

Parameter Accuracy Resolution Parameter Uncertainty Percentage uncertainty (%)
Engine load +1 0.1N NG flow rate 0.024 (g/h) 1.718
Engine speed +1 1rpm PF flow rate 0.31 (g/h) 4.20
CO; +1 0.1% Air flow rate 0.964 (g/h) 4
NOx +1 1 ppm BP 0.047 (kW) 0.001
CO +1 1 ppm BSEC 0.179 (g/kWh) 1.015
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Starting the engine in diesel mode
fueled with biodiesel/diesel fuel blends

]

Measuring fuel consumption and
brake power (BP) at a constant engine
load and speed of 1500 rpm

}

Adjusting the inlet valve of NG

]

Is the
ratio of energy replaced by
NG equal to X*?

Measuring NG consumption at the desired
load and speed of 1500 rpm

l

Recording the engine performance
and emission data

End

Figure 2- DFDE test procedure
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Table 5- Economic cycle inventory

The cost of pollution produced | NG consumption cost ($) Fuel preparation cost | Equal costof CO2 | Fuel

based on the pollution index ($) emission ($/ton) samples

Ac_cor_dlng to the _amounts of Accordmg to the flow rate of fuel 0.052 10 BOZ0

emission production consumption

Ac_cor_dlng to the _amounts of Accordmg to the flow rate of fuel 0.066 10 BOZ25

emission production consumption

Act_:or_dlng to the amounts of Accordlng to the flow rate of fuel 0079 10 B0Z50

emission production consumption

Act_:or_dlng to the amounts of Accordlng to the flow rate of fuel 0091 10 B0Z75

emission production consumption

Ac_cor_dlng to the _amounts of Accordmg to the flow rate of fuel 0.052 10 B570

emission production consumption

Ac_cor_dlng to the _amounts of Accordmg to the flow rate of fuel 0.069 10 B5Z25

emission production consumption

Ac_cor_dlng to the amounts of Accordlng to the flow rate of fuel 0081 10 B25750

emission production consumption

Ac_CO(dlng to the amounts of Accordlng to the flow rate of fuel 0094 10 B5775

emission production consumption

According to the amounts of According to the flow rate of fuel B0Z0 +
S : ? 0.051 10

emission production consumption 20%NG

According to the amounts of According to the flow rate of fuel 0.066 10 B0Z25 +

emission production consumption ' 20%NG

According to the amounts of According to the flow rate of fuel B0Z50 +
S h ? 0.079 10

emission production consumption 20%NG

According to the amounts of According to the flow rate of fuel B0Z75 +
S : ? 0.091 10

emission production consumption 20%NG

According to the amounts of According to the flow rate of fuel B5Z0 +
S : ? 0.052 10

emission production consumption 20%NG

According to the amounts of According to the flow rate of fuel 0.069 10 B5225 +

emission production consumption ' 20%NG

According to the amounts of According to the flow rate of fuel B25750 +
S h ? 0.081 10

emission production consumption 20%NG

According to the amounts of According to the flow rate of fuel B5Z75 +
S : ? 0.094 10

emission production consumption 20%NG

According to the amounts of According to the flow rate of fuel B0Z0 +
S : ? 0.051 10

emission production consumption 40%NG

According to the amounts of According to the flow rate of fuel 0.066 10 B0Z25 +

emission production consumption ) 40%NG

According to the amounts of According to the flow rate of fuel B0Z50 +
S h ? 0.079 10

emission production consumption 40%NG

According to the amounts of According to the flow rate of fuel B0Z75 +
S : ? 0.091 10

emission production consumption 40%NG

According to the amounts of According to the flow rate of fuel B5Z0 +
S : ? 0.052 10

emission production consumption 40%NG

According to the amounts of According to the flow rate of fuel 0.069 10 B5225 +

emission production consumption ) 40%NG

According to the amounts of According to the flow rate of fuel B25750 +
S h ? 0.081 10

emission production consumption 40%NG

According to the amounts of According to the flow rate of fuel B5Z75 +
S : ? 0.094 10

emission production consumption 40%NG
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Table 6- Thermo-physical properties of fuel samples
Sample Name  Density (kg/m3) LHV (MJ/kg) Viscosity (cSt)  Flash Point (°C)  Cloud Point (°C)

B0Z0 0.839 42.57 3.09 92.5 -15
B0Z25 0.835 42.85 3.12 93.1 -1.2
B0Z50 0.833 43.78 3.19 93.9 -1
B0Z75 0.831 44.82 3.26 94.1 -1
B5Z0 0.841 42.29 3.14 95.5 -1
B5725 0.840 4351 3.18 95.9 -0.5
B5Z50 0.838 44.93 3.22 96.1 -0.5
B5Z75 0.837 4531 3.28 97.1 -0.5
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Table 7- Results of fatty acids in diesel fuel
FAME C14:0 C16:0 C18:0 Cc18:1 C18:2 C18:3 C20:1
wt.% 2.33 20.60 4.48 10.30 57.93 1.64 2.72

2590 HLal g 0 Slos 4 by po gl
Sy oly ] jaseie ¥ Sl 5l as jables e o a1 ot g diged jguam 10 (S0, led Dl s ¥ JSCS
ool (Yo 1y el 31 (S Ewl BS Co g Jaogd 00l 0dei (g0 5 olg 5l YL Ls (IR Co g 50 0dd ddgs
Ll BS St g 4y Sl S0 S g YL 51>

S wsdse aiBgugd j5ise )3 0ad adgi She Ol GRIB carge 55 S s sl (3938l (iaren
g B2,y b ygige sem 035b LIl camload o)lal T 4 55 [YY] o )5a § b ST aslllas o aS™ Vs o 5 Lol
CS g )0 Gy ole adei Wy, Canl asrine a5 job len cwl Glisl abhase 21 4y lgn 3l belie Jieea 35
Gl gy 05 5l (S Sy s ol 9o Dglitie Ml (G315 SS9 52,55 L BS (55l g 5 Al S0 sl
o> 033b vguge o Blyol ahase 10 (638 Co g jgam S0 Ojled .l 555 CS g jea> LB5 (gyl> S gu

AY



VE-Y lie epylez o)lod qepoan Jlo (3l gl g S g ddgh - ode 4y i

ol od)ls Al S gl S g 4 Cond (6 VL )L BS (g9l S s bl sl pe Ll sl g 59550
G S g b S5m0 j5i5e S 5l Cenl e e Josm sl S 6T A D)ge 0 05 Gl plgiee L
Dl oolaiw!

Ol podle ams o i 1) gols Wig, BS Cogw 0 pgata 35 s o slacS g o Ol \3sL g
b Glgs oYL Cladl, al8l s sody Ol (Dldgl cdale (AL aSh b 4 iiwlond 15 ol adgs Senge
sl 20l g Bges 3l i Qo0 Ve 090> 40 aS Cawloaids uudgi BOZ75+40%NG Cas g

Brake power (kW)

0

QUueWwowvowv ODOLOLIOLOLLOLOLLOLLOVLOLDO
r\]le\NNm[\z Z. Z, Z 4 7
SNNN NN S5555855585%8888%8¢5¢%
M omom M A Mooo o OO0 OO0 Oooo0 oS o o o
M a0 TS ST T

+ + + + + 4+ + + + ++ + 4+ + + +

OO N O W OO WO WO VO W
SHNNUUSNNSRENYNNGR

Mmoo My viwvmooomwwuw

mMmMmmMmM mgm m MMM mgm

Figure 3- The process of producing braking power
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Figure 4 The trend of changes in fuel consumption, especially for braking
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Figure 5- Changes in fuel thermal efficiency
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Figure 6- Carbon monoxide emission process
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Figure 7- Carbon dioxide emission process
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Figure 8- The emission process of nitrogen oxides
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English Abstract

Evaluation of performance and emissions of dual fuel diesel engine in the
presence of biodiesel and photocatalytic nanoparticles from the point of
view of economic analysis
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The aim of this research is to evaluate engine performance and greenhouse gas emissions from the perspective
of economic evaluation of power generation stages. The dual-fuel approach combines conventional diesel with
biodiesel and offers a way to reduce greenhouse gas emissions and increase the renewable content of the fuel.
The study evaluates the effects of these additives on engine performance, focusing on key metrics such as power
output, fuel efficiency and torque. The research steps include testing a dual-fuel diesel engine (co-combustion
of gas and liquid fuels) with different ratios of biodiesel and conventional diesel, along with different types and
concentrations of photocatalytic nanoparticles. The analysis of greenhouse gas emissions focuses on pollutants
such as nitrogen oxides (NOXx), particulate matter (PM) and carbon dioxide (CO2). The results show that the
use of biodiesel and photocatalytic nanoparticles in a dual-fuel diesel engine can lead to improved combustion
efficiency and lower emissions of bio pollutants. The economic analysis method presents the strengths and
weaknesses of the combustion process in achieving the cost-effectiveness case for this approach and highlights
the potential savings from reduced greenhouse gas emissions and power generation costs.

Keywords: Dual fuel engine, diesel fuel, environmental effects, sustainable power, economic cycle
evaluation
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