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Abstract 
 
The overuse of non-renewable sources contributes to energy supplies being 
exhausted and the price of oil-based fuels being higher. Thus, viable and 

renewable alternatives to fossil fuels are to be sought. Availability and 

renewability or less reliance on restricted resources followed by little or no 

emissions are key characteristics for alternative fuel. It was found that global 
oil production is possibly going to decline rapidly, and alternative fuels are 

expected to meet the growing energy crisis. Simultaneously energy request is 

rising quickly, just like the cost of unrefined petroleum. It must therefore turn 
to some other fuels to replace gasoline and diesel to generate electricity. To 

satisfy the rising need, and an eco-accommodating option was required. 

Biodiesel draws in developing consideration due to its eco-accommodating 

and non-harmful nature. Diverse crude materials, impetuses, and 
advancements can be utilized to create biodiesel. This paper proposes a trio-

biodiesel (TB) mix, which comprises of the mix of three unique sorts of 

biodiesel: Lemongrass biodiesel, Pongamia biodiesel, Radish biodiesel (LPR 
biodiesel) in diesel. 

 
Journal of Green Engineering, Vol. 10_9, 6662–6680. 
© 2020 Alpha Publishers.All rights reserved 

 



                                                                                                                  
 

 

 

 

 

 

6663 Muthuluru Rajesh et.al 
 

This method of calculating the different loads using mechanical property 

tests in a single-cylinder DI diesel engine are utilized.In this paper, three 

biodiesels are selected on Specific Gravity, Flash Point, Calorific Value, and 
Cetane number. The motivation behind this examination is to explore 

different avenues regarding the productivity and outflows of one-chamber 

direct infusion diesel motors with covering. The trio-fuel is LPR1, LPR2, 

LPR3, LPR4, LPR5, and LPR6 respectively. Finally, the findings are 
analyzed and the emission characteristics are determined. 

 

Key words: Lemongrass; Pongamia; Radish; Biodiesel; Flashpoint; 

Calorific Value; and Tri fuel. 

 

1 Introduction 
 

The need to discover worthy and economical sustainable energizes has 

been driven by the steady decay of energy supplies, the expansion in oil 

costs, and natural concerns. The eco-accommodating, reasonable, and non-

harmful embodiment of biodiesel can be utilized as an option in contrast to 
oil diesel [1]. As such, numerous nations around the globe are unequivocally 

urged to apply it not exclusively to land transport, yet additionally to marine 

vessels and airplane by somewhat or completely supplanting conventional 
fossil fuels [2]. Some countries, for example, Brazil, the European Union, 

and the United States of America have set a probably focus of 20%, 10%, 

and 25% biodiesel mixes by 2020 [3], separately. In a few nations around the 
globe, this type of activity has improved the creation capability of biodiesel. 

The U.S. by 2020 The Navy expects to depend on sustainable energies, 

predominantly biodiesel, to represent half of its complete energy supplies [4]. 

Many innovative work offices around the globe are effectively putting forth 
logical attempts to make it mechanically productive and financially feasible 

[5]. Failure of motor fuel framework segments because of extraordinary 

metal consumption and elastomer corruption is one of the serious issues in 
the modern utilization of biodiesel. Simultaneously, biodiesel's fuel 

properties are regularly debased when presented to metals [6]. 

Throughout the following decade, the worldwide cost of biodiesel is 

extended to decrease by 8% [7]. Scarcely any planning procedures are used 
to change vegetable oils into the type of biodiesel/biofuel; pyrolysis, 

miniature emulsification, and transesterification are the most well-known for 

transesterification. Biodiesel is combined by transesterification of oils and 
fats of different inceptions, however, it is likewise conceivable to take 

various kinds of creature fats and plant oils, or even microorganisms, as 

feedstock for biodiesel development [8]. Three unmistakable gatherings have 
been arranged into biodiesel feedstock, for example, (1) plant oil, for 

example, soybean oil, jatropha oil, palm oil, coconut oil and Castor oil, and  
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so forth (2) creature fat, for example, fat, fish oil, and so on., and squander 

cooking oil [9]. In-plant oils, there are five significant unsaturated fat parts: 

palmitic (16:0), stearic (18:0), oleic (18:1), linoleic (18:2), and linolenic 
(18:3) and unsaturated fats [10] [11]. Notwithstanding the climate, the 

investigated total life cycle, from oil to its change to biodiesel, from creation 

and products, scarcely adds to CO2. Biodiesel discharges far less harmful 

gases, for example, CO, hydrocarbons, smoke, and particulates, contrasted 
with customary diesel fills. These discharges are diminished because of the 

presence of overabundance free oxygen (around 10 wt% by weight) that 

advances full ignition [12] [13]. It is additionally conceivable to decentralize 
improvement, so it could support the provincial economy. In earlier research, 

dual fuels are considered to generate bio-diesel. In the paper, trio-fuels are 

utilized to generate the bio-diesel from the biomass materials like 
Lemongrass, Pongamia, and Radish. The main focus of the present 

investigation is to produce biodiesel from the trio-fuel. Also, to evaluate the 

performance and emission characteristics of trio biodiesel blends with diesel 

in a standard and coated single-cylinder diesel engine. After that, the 
characteristics of the bio-diesel is analyzed and evaluated the emission 

characteristics.  

The remaining part of the paper is organized as follows, the recent 
literature review is mentioned in section 2, and section 3 described the 

materials and methods details elaborately. The experimental results and 

discussions are presented in section 4. Finally, the concluded part of the trio-

fuel is specified in section 5.  
 

2 Literature Review 
 

Biodiesel and its attributes are concentrated in the part with various 

mixes and kinds of materials focused by a few analysts. There are some of 

them checked here,  
Vineet Kumar et al. [14] examined biodiesel from Serratia sp. lipids. 

ISTD04 by Pseudomonas sp. lipase. Immobilized ISTPL3 for biocomposite 

items. The soundness and reusability and the change of CO2 from ISTD04 
and bioactive fired materials, Na2Ca2Si3O9 arranged by substance measures 

have been enhanced the premise of this. The organization, structure, and 

surface of biocomposite materials as portrayed by the strategies for SEM and 
EDS. GC-MS has decided on the structure of orchestrated biodiesel. 

Murat Kadir Yesilyurt et al. [15] supported the qualities of the diesel 

motor for various portions of diethyl ether (DEE) as an oxygenated fuel 

added substance in biodiesel-diesel mixes of cottonseed oil. All fuel tests 
were worked on at five separate motor loads and set motor speed conditions 

in a solitary chamber, four-stroke, and direct-infusion diesel motor.  
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Their test discoveries indicated that BTE diminished by 17.39 percent 

contrasted with diesel fuel, while BSFC expanded by 29.15 percent with 10% 

consideration of DEE in the mix.  
The elective fills and the estimation of radish seed decisions have been 

recognized by Pallavi Paturu et al. [16]. The point of the examination was to 

tentatively explore the productivity and discharges of single-chamber 
covered direct infusion diesel motors. As petroleum, diesel, B25, B50, B75, 

B100 were utilized. The cylinder was characterized by S.Prakash et al. [17] 

as the most critical aspect of the I.C motor. An endeavor was made to 
overhaul the cylinder crown utilizing TBC on the cylinder surface and to 

explore its exhibition in their venture work. A 150cc engine was thought of 

and the cylinder was covered with TBC material of different thicknesses. 3D 

displaying of the cylinder math was directed by Solid works 2015 
programming plan 3D. Results likewise show that with an expansion in YSZ 

covering thickness, temperature, and warmth transition decline. 

 

3 Materials and Methods 
 

Trio fuels are described in the section and their characteristics are 
described. As mentioned below, the thorough study of the Lemongrass, 

Pongamia, and Radish, 

 

3.1 Lemongrass 
 

Spring lemongrass is a citrus flavor that is developed in Asian nations 

and develops around 3 to 5 feet in stature in your local sand. Lemongrass 
stalks are cut into little pieces and dried under the daylight to the fresh state 

of the new save. The oil that has been utilized for medical services products, 

cleanser, and mosquito fluid is removed with a profound citrus scent. After 
transesterification, the oil is utilized as biodiesel in a diesel motor. 

 

3.2 Pongamia 
 

In both the Middle East nations of South Asia, the Pongamia tree is 

inescapable. This is ascending at temperatures from . It 
develops in red sand consistently, and not a ton in dull sand. The rising seeds 

are light earthy colored in shading, woody in conceals, and the seed tips 

differ in size for the most part. The nitrogen in the Panama pinata cake is 
higher and is utilized as basic characteristic excrement for crops. For the 

motivations behind chemical creation and oil reasons, the oil would be 

utilized. After transesterification, the oil is utilized as biodiesel in diesel 
motors. 
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3.3 Radish 
 

The seeds of the species Raphanus sativus can be squeezed to separate 
seed oil throughout the study. Wild radish seeds contain up to 48% of the oil 

content, and even though oil isn't appropriate for human use, it is a potential 

biofuel source. In cool atmospheres, the oilseed radish develops well. An 

itemized model for diesel motors and covered motors was created and the 
exploratory outcomes were then thought about. Contrasted with the uncoated 

diesel motor, the yield was found to diminish in CO, NOx, and SFC 

alongside an 11.3% expansion in fumes gas temperature for all-biodiesel 
mixes in the covered engine [18] [19]. The seeds were acquired from co-

operative societies and agricultural university, Coimbatore, India. Under 

daylight, the seeds are all around dried and normally de-hydrated. Utilizing 
an ordinary pounding machine, the dried seeds were squashed. The oil was 

separated from the squashed radish seeds. Help from the mechanical smasher 

by extricating the radish seed. Bio-diesel was set up from radish seed crude 

oil [16] using the transesterification technique. The fired material 
"Aluminum oxide and Nickel Chromium" was utilized as a covered material 

for the diesel motor cylinder crown. The creative material's critical attributes 

are high warm conductivity, solid mix, wear hindrance and high warmth 
paralyze obstruction. 

 

3.4 Bio-Diesel Formation Process 
 

The primary goal of the exploration is to deliver biodiesel from trio fuel 

by transesterification measure as fuel, blends with diesel (LPR1, LPR2, 

LPR3, LPR4, LPR5, and LPR6) in a solitary chamber diesel motor secured 
by uncoated and generally settled zirconia (PSZ) and to differentiate 

execution and outpourings of exhaust and diesel fuel. This test is to do that, 

by growing the improvement of radish advancement, keep the earth poison-
free, and to diminish the fuel cost. To create bio-diesel, the different 

proportions of trio biofuels are produced with unadulterated diesel, which is 

organized in Table 1. The methods for biodiesel arrangement are delineated 

in Fig.1. 
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Figure 1: Process of Bio-Diesel Formation using Trio Fuel 
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The substance properties of diesel and biodiesel (Lemongrass Biodiesel, 
Pongamia Biodiesel, and Radish Biodiesel) have appeared in Table 1. In this 

examination paper dependent on Specific Gravity, Kinematic Viscosity, 

Flash Point, Calorific Value, and Cetane number, the three biodiesels 

(Lemongrass Biodiesel, Pongamia Biodiesel, and Radish Biodiesel) have 
been chosen. For the investigation, most examinations utilized the single-

chamber VCR motor as different biodiesel. By choosing the blending 

proportion of 80% unadulterated diesel, 10% Pongamia biodiesel and 5% 
Lemongrass biodiesel, and 5% Radish biodiesel (for sample D 80 L5P10R5), 

the second arrangement of readings is gotten by blending the triplet blend 

mixing in the receptacle. By choosing the mixing proportion of 60% 

unadulterated diesel, 10% Lemongrass Biodiesel, 5% Pongamia biodiesel, 
and 25% Radish bio-diesel separately, the third arrangement of readings is 

gotten by the mix of threesome blend mixing in measuring utensil. 

 
Table 1: Bio-Diesel Formation with different ratios of Pure Diesel 

S. No Samples PD: 

LPR 

Pure Diesel 

(PD) in (%) 

 

Bio-diesel 

(Lemongrass, 

Pongamia, Radish) 

LPR1 100:0 100 - 

LPR2 80:20 80 L5P10R5 

LPR3 60:40 60 L10P5R25 

LPR4 40:60 40 L25P25R10 

LPR5 20:80 20 L20P40R20 

LPR6 0:100 0 L35P30R35 

 
The samples delivered from the mechanical machine appear in table 1 

above and the relating tests are produced in various extents, for sample, 

100:0, 80:20, 60:40, 40:60, 20:80, and 0:100, individually. The different 
extents of Lemongrass, Pongamia, and Radish tests are utilized to fabricate 

distinctive thickness and calorific estimations of biodiesel. The peak levels of 

load, viscosity, and calorific value of each sample are unique, as appeared in 
table 2. In the accompanying area 4, the careful depiction of the trial cycle is 

characterized. Before that, the properties of the bio-diesels are analyzed.  

 

3.4.1 Biodiesel Properties 
 

3.4.1.1 Specific Gravity 
 

Biodiesel/diesel’s explicit gravity lies in the scope of 0.832 to 0.90. It 

mirrors the particular gravity saw at  for biodiesel/diesel. 
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3.4.1.2 Kinematic Viscosity 
 

The kinematic consistency in the 3.2 to 4.2 centistokes of 

Biodiesel/Diesel lies. The kinematic thickness of biodiesel/diesel saw at  

was contrasted and the consistency of water at a similar temperature. 
 

3.4.1.3 Flash Point 
 

Diesel Point of blaze  Biodiesel-fluctuate from  

(alluded to in the consumable and non-eatable biodiesel writing overview) 

 

3.4.1.4 Calorific value 
 

By utilizing a bomb calorimeter, the calorific value of a diesel-44,500 
watched is the measure of warmth created by its burning. Biodiesel-15,000 to 

40,000 (alluded to from the eatable and non-consumable biodiesel writing 

study) 

 

3.4.1.5 Cetane number 
 

The total of biodiesel/diesel in Cetane is in the scope of 40 to 52. 
Notwithstanding, the volume of cetane for biodiesel subject to creature fat is 

in the scope of 55 to 60. 

 

4 Results and Discussion 
 

The results of a discussion of trio-fuels are examined in the chapter. The 
experimental configuration and further details are described below. 

 

4.1 Experimental Setup 
 

A PC based four-stroke, single chamber, water-cooled machine, VCR 

direct infusion diesel motor is the trial arrangement utilized. This motor 

examination programming is research facility vision-based programming 
created by TECH-ED to gauge the exhibition and outflow attributes of the 

test arrangement of the given VCR that appeared in Fig.2 and Fig.3. In Table 

2, the relating motor subtleties are organized. The compound properties of 
threesome bio-diesel are portrayed and arranged in Table 3. Tests performed 

at full burden at 220 bar infusion pressure, biodiesel mixes, diesel (for 

sample L5P10R5, L10P5R25, L25P25R10, L20P40R20, and L35P30R35) 

execution and outflow information, brake thermal efficiency, bsfc, carbon 
monoxide, HC, load plotted CO. 
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(a) 

 
(b) 

Figure 2: Illustration of (a) Experimental Setup Design and (b) VCR Setup 

 

Table 2: Specifications of Engine 

Engine Specification 

No of cylinder 1 

No of stroke 4 

Engine Make Kirloskar 

Model TV1 

Rated Power 5.2 Kw @ 1500 RPM 

Orifice Diameter 20 mm 

Dynamometer arm length 185 mm 
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Table 3: Chemical properties of Trio Fuel and Diesel 

 
 

Mixes of Lemongrass, Pongamia, radish oils, and diesel L5P10R5, 

L10P5R25, L25P25R10, L20P40R20, and L35P30R35 were set up in 

different extents. Utilizing ASTM strategies, the various properties of the 
tried powers were determined, for sample, mass density, kinematic viscosity, 

heating value, flash, and fire point. The introduction of the blended mixes 

demonstrated that the kinematic consistency of the mixes expanded with the 
amount of biodiesel. The biodiesel and diesel triplet depiction are given in 

Table.1 beneath. The thickness for double biodiesels was higher and diesel 

was lower. The blended mix thickness (for sample L5P10R5, L10P5R25, 

L25P25R10, L20P40R20, and L35P30R35) was by and largely found 
corresponding to an expansion in the extent of mixes. The lower warming 

advantage of blended triplet biodiesels was expressed to be because of longer 

oxygen fulfillment contrasted with diesel. In light of their unpredictable 
substance structure and higher atomic weight, the higher consistency and 

thickness of mixes are shaped. 

 

4.2 Performance Analysis 
 

In Fig.3, the attributes of brake thermal efficiency (BTE) against load 

have been plotted for various blended mixes. It was obvious that biodiesel's 
BTE was higher than diesel, especially under full burden conditions. It is 

apparent from chart 3 that BTE has expanded with an improvement in the 

biodiesel mix proportion. The BTE of L5P10R5, L10P5R25, L25P25R10, 
L20P40R20 and L35P30R35 blended mixes is 20.48 (11.04%), 26.45 

(29.3%), 31.02 (34.5%), 28.72 (25.04%) and 34.89 (37.5%) higher than 

diesel (19.45) individually. The warming estimation of the mixes is 

underneath the diesel esteem. Quality ignition was made conceivable by the 
blending stage. Accordingly, at the greatest burden, the BTE of L35P30R35 

triplet biodiesel is higher than diesel. 
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Figure 3: Analysis of BTE with different Load conditions 

At the most extreme burden, the bsfc with various mixes is lower than 

diesel and it has appeared in Fig.4. At different blended mix proportions, the 

bsfc diminished for the triplet biodiesel. Pressure proportion of 19.5 at full 
burden condition, bsfc for the blended mix proportion of L10P5R25, 

L25P25R10, L20P40R20, and L35P30R35, individually. For the diverse 

stacking conditions, the L35P30R35 mixes have 0.56, 0.5, 0.47, and 
0.41(kg/kW h) while diesel has 0.43 kg/kW h. The higher bsfc indicated that 

the utilization of threesome biodiesel fuel is high because the warming 

estimation of the blended mixes is lower than the diesel that is appeared in 

Fig.4. 

 
Figure 4: Analysis of BSFC with different Load conditions 
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(a) 

  
(b) 

Figure 5: Analysis of (a) CO2 and (b) CO with Load Variation 

 

The move-in changing loads of carbon dioxide (CO2) is appeared in 
Fig.5 (a). Since the diagram discovered that the carbon dioxide increments as 

the load increments. In most extreme burden conditions, the CO2 proportion 

for triplet biodiesel mixed mixes (for sample L10P5R25, L25P25R10, 
L20P40R20, and L35P30R35) diminishes when contrasted with diesel. Co2 is 

delivered when the measure of oxygen content that happens from the 

formation of carbon monoxide particles as an ignition item is required. The 

consolidated blending proportion of L10P5R25, L25P25R10, L20P40R20, 
and L35P30R35 in the lower three some biodiesel demonstrated a normal 

5.14% decline contrasted with fuel. Similarly, the investigation of CO is 

additionally done. Here, the level of CO is likewise raised when the burden is 
expanded, contrasted with diesel, the threesome fuel has a lower level of CO, 

as is appeared in Fig.5 (b). 
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(a) 

 
(b) 

Figure 6: Analysis of (a) HC ppm and (b) NOx ppm with Load Variation 

 

The variety of NO with various burdens is appeared in Fig.6 (b) and the 

HC examination has appeared in Fig. 6(a). NOx expanded for each complete 
mix proportion at all loads (for sample L25P25R10, L20P40R20, and 

L35P30R35). Blended mixes proportion L25P25R10, gave 384 sections for 

every million for the pressure proportion 19.5 at the most extreme burden 
condition while diesel has 211 ppm, L20P40R20 shows 490 and L35P30R35 

demonstrates 570 at full burden for the pressure proportion 19.5. The NOx 

emanation for mixed mixes proportion is higher than diesel according to the 
discoveries. There is, be that as it may, a tad of nitrogen in the non-palatable 

oil-based biodiesel. Thus, different factors are likewise checked.  
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Distinctive biodiesel mixes are picked for the examination investigation 

and their belongings are broke down in sub-segment 4.3. 

 

4.3 Comparison Analysis 
 

A similar investigation is led in the sub-area and the exhibitions are 
combined with the biodiesel threesome. Lemongrass biodiesel and Pongamia 

biodiesel are viewed as double biodiesel in the paper [17]. They have 

characterized the diverse mix proportion for that investigation and the 
examination of CO2, CO, and NOx is likewise performed. Besides, the BSFC 

and BTE have additionally concurred that this investigation is likewise done 

by the triplet biodiesel strategy in a comparative type of examination. The 

perceptions are combined with the reports [17], [16], and [20]. Comparable 
techniques for investigation are additionally remembered for the paper [20]. 

These discoveries are broken down and the threesome biodiesel is blended in 

with them. Radish biodiesel is considered in the paper [16] to create the 
unadulterated diesel measure. BTE, BSFC, CO2, CO, and NOx examination 

are performed as to the investigation parcel and these are joined with the trio 

biodiesel measure. The accompanying figures speak to these, 

 

  
Figure 7: Comparison Analysis of NOx emissions 
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Figure 8: Comparison Analysis of CO 

 

The investigation of CO and NOx is found in Figures 7 and 8 above, and 

this strategy is stood out from triplet biodiesel. The emanation of carbon 
monoxide relies upon a few components, for example, the air/fuel proportion 

and the temperature of the motor. CO is made by fragmented fuel ignition. In 

a covered motor, biodiesel produces lower CO outflows contrasted with fuel. 
This might be ascribed to the way that the amount of oxygen in the biodiesel 

is higher than that of the diesel motor Coated demonstrated a diminishing 

pattern in CO outflows at different brake loads for all test fuel. The most 

elevated CO outflow is appeared by fuel, and burden 100 has the least CO 
discharge because of an expansion in oxygen content. The rate decline in 

covered motor carbon monoxide for L35P30R35 contrasted with diesel for 

full burden condition is 1.7%. In the joined Lemongrass biodiesel and 
Pongamia methyl ester just as unadulterated diesel, Fig. 8 shows the NOx 

outflow standard. Rather than lower load conditions, the NOx outflow 

increments at 100% burden because of higher ignition temperatures. Due to 

its base oxygen content, the NOx emanation rate in unadulterated diesel 
ignition is discovered to be lower than that of blended biodiesel mixes. The 

warm hindrance covered engine and NOx outflows are essentially upgraded 

because of an expansion in temperature after the start. This clarifies the 
impacts of double biodiesel, single bio-diesel, and triplet biodiesel. 

Contrasted with different methodologies, triple-biodiesel accomplishes less 

CO and NOx emanations. 
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5 Conclusion 

 
Given Specific Gravity, Kinematic Viscosity, Flash Point, Calorific 

Value, and Cetane number, threesome biodiesels (Lemongrass Biodiesel, 

Pongamia Biodiesel, and Radish biodiesel) were utilized and deduced in the 
paper. Nickel chromium (NiCr-100 (Micron), Top Piston Crown Aluminum 

Oxide (AL2O3-150 (Microns), and Complete Thermal Barrier Coating-250 

(Microns) were additionally covered with the cylinder establishment. 
Threesome biodiesel mixed with various proportions, for example, 100:0, 

80:20, 60:40, 40:60, 20:80, and 0:100, separately. These are substantially 

more like diesel fuel, characterized as L5P10R5, L10P5R25, L25P25R10, 
L20P40R20, and L35P30R35. It closed at full burden condition that the mix 

with warm boundary covered cylinder (for example L35P30R35) is upgraded 

by BTE, likewise fortified by BSFC. In any case, the emanation qualities of 

CO, HC, and smoke are decreased, while the outflow of NOx is marginally 
expanded. 
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