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Abstract 
As a cohesive and renewable supply, biodiesel is the finest alternative. Palm-

stearin oil is a vital source of Biodiesel with a marginal environmental 

impact. Dual fueling is a valuable technique because it increases engine 

efficiency while lowering emissions. With this history and innovativeness, 

propane was induced at various liters per min (lpm) with air to promote the 

emission and output activity of a diesel engine in which the main fuel was 

Palm-stearin Biodiesel (PSBD). The research looked at BSFC and BTE as 

efficiency parameters, as well as controlling harmful gases such as HC, CO, 

NOx, and Smoke as emission parameters, which were measured under 

various conditions with differing intake propane rates with PSBD and 

compared to diesel. It is inferred on the basis of the findings that the addition 

of propane at 6 lpm decreased HC by 0.04 g/kW-hr, CO by 0.5 g/kW-hr and 

smoke emissions by 0.4 BSU at all BP from neat PSBD with a higher NO of 

0.9 g/kW-hr. This analysis also found that the addition of propane increased 

efficiency trends, such as decreased BSFC by 0.06 kg/kW-h and PSBD's 0.7 

percent higher BTE. This study shows that propane addition with PSBD at 6 

lpm can improve CI ignition patterns. 
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1 Introduction 

Engine designers are being pushed to build engines that can produce 

lower emissions while providing better performance. Over the decades, 

pollution levels have hit their height in the quest for gasoline that emits lower 

emissions. As a result of global warming and the worsening oil crisis, people 

are searching for solutions to satisfy demand and reduce pollution [1]. A 

suitable alternative source to diesel is biofuel produced from plants. 

However, due to its physical existence, fair changes in engine designs are 

needed so it is less accountable for direct use. Owing to its higher viscosity, 

biofuel also contributes to engine fouling and injector choking. In recent 

decades, the use of biodiesel in diesel engines has become widespread due to 

its availability [2]. Many non-edible sources are checked and established in 

the diesel engine as petrol, such as cashew nutshell, mahua, palm-stearin oil. 

Cashew nut shell oil was used in a single cylinder CI engine and saw an 

immediate decrease in smoke and HC emissions with lower performance. 

Cashew nut shell oil is a well biodiesel functions in CI engines [1]. 

Instantaneous declines in emissions of smoke and HC with higher intake 

were reported. Neem oil was employed by and tested in a single cylinder CI 

engine [2]. When using neem oil as a chemical, the researchers found a small 

increase in brake specific fuel consumption (BSFC) and soot, but a 

substantial decrease in NO. Pure jatropha biodiesel and diesel blends were 

used in CI engines and observed lower tailpipe emissions with a marginal 

decrease in BSFC and BTE than diesel [3]. Cashew nut shell biodiesel was 

used to drive the engine and reported lower tailpipe emissions with an 

improvement in BSFC and a decrease in BTE than petrol [4]. Punnai 

biodiesel was used in a single cylinder CI engine. It was found a rise in brake 

thermal efficiency as well as a small decrease in HC, CO, and smoke 

emissions when compared to diesel [5]. BD papaya waste oil was used to 

drive the engine and reported lower emissions from the tailpipe with an 

increase in BSFC and a decrease in BTE than petrol. They found that for 

diesel/biodiesel blends, HC and CO emissions were lower than for diesel [6]. 

The emissions and implementation of the CI engine and the blends of palm 

biodiesel was used. As compared to other fuels, the biodiesel mixture 

produced superior engine efficiency and reduced the percentage of emissions 

[7]. According to the study, the neat biofuel may be a suitable alternative to 

fossil fuel.  

However, biofuel's poor properties degrade engine performance. To 

increase the efficiency of trans esterified biofuels, a range of techniques were 

used, including blending with gasoline, fuel preheating, oxygen supply, 

propane supply, and propane supply. Among these methods, with the 

assistance of oxygen / propane, dual-fuel combustion is gaining interest. 

Duel-fueling is one of the methods for reducing emissions and improving  
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performance in biodiesel-powered diesel engines. Many experiments have 

been done using different gaseous fuels in diesel/biodiesel mixes powered by 

diesel engines. Acetylene was used to boost the intake air in a tidy diesel 

engine. Diesel was used as the base fuel and, at various rates, acetylene was 

raised. Higher acetylene intake, with a 2 - 4 percent reduction in 

consumption, performance increased by 3 percent [8]. In comparison, with 

greater acetylene addition, the emissions of smoke were cut by 19 percent. 

The effect of acetylene addition in a biodiesel-fueled diesel engine was 

investigated [9]. The single-cylinder engine was studied for combustion, 

emissions, and efficiency. Propane was introduced at a range of flow speeds. 

The researchers discovered that increasing acetylene consumption decreased 

HC, CO, NOX, and smoke emissions. According to previous studies, the 

propane supply yields more fascinating findings than other available gaseous 

fuels. Propane is a colorless gas that burns rapidly and releases a lot of 

energy; it's used as a fuel in internal combustion engines [10]. It is renewable 

and has upgraded functionality. Propane has a wide range of flammability 

[11]; because the diesel engine operates in lean mode with a higher heat ratio 

that increases its thermal performance, its low ignition energy is important 

[12]. Limited literature performed the ignition analysis by utilizing the neat 

biodiesel as base fuel amid propane enrichment. Palm-stearin oil was used as 

an additional source in a diesel engine as the base fuel. In spite of the most 

recent literature, no clear study concerning propane dual-fueling with PSBD 

as a tidy and base fuel has been presented. Therefore, the main objective of 

this study is to evaluate environmental friendly propane using at various flow 

rates (3 lpm and 6 lpm) in Palm-stearin-biodiesel-fuelled (PSBD) -CI engines 

in order to achieve better fuel-blend ignition patterns compared to diesel. 

 

2 Materials and Methods 

  
2.1 Experimental Procedure  
 

Experiments were carried out in a single-cylinder four-stroke engine 

(Figure 1). Table 1 lists the engine's characteristics. The eddy current 

dynamometer combined with "Engine Test Express V5.76" is used to load 

the engine. Experiments were performed by separately fueling PSBD, PSBD 

amid propane at 3 and 6 lpm, and diesel on the multi-fuel engine at constant 

speed 1500 rpm, fuel injection at 19°, and set compression ratio 20:1 for the 

different loads 0 percent, 25%, 50%, 75 percent, and 100%. Diesel was used 

to start the engine and steam it up until the water temperature reached 60 

degrees Celsius. To track pollution, an MN – 05 model gas analyzer was 

used. Sensors in the computerized acquisition system store and interpret the 

experimental data. Furthermore, propane was accumulated in a cylinder held 

at 15 bar while fueling at 3 and 6 lpm. The regulator lowers the pressure to 

atmospheric levels. The gas flow meter integrated with the cylinder controls 

the propane flow rate. A non-return injector guides propane from the cylinder  
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to the flame trap. The airflow rate is defined by the pressure decrease at the 

air orifice. A 0.1 cc calibrated Burette is used to measure fuel consumption.  

Table 2 lists the uncertainty percentages for different estimated and 

assessed parameters, and the total uncertainty percentage of experimental 

outcomes is calculated as 1.1 percent using the equation below [12]:  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Model Experimental Set-up: 1.TV1 Engine; 2. Dynamometer of eddy 

current; 3. Tank of Fuel ; 4. Filter of Fuel ; 5. Measurement setup of  fuel; 6. Pump 

of fuel ; 7. Injector of Fuel ; 8. Filter of Air; 9. Stabilizing tank of air; 10. Meter of 

smoke and analyzer of flue gas ; 11. Transducer of pressure; 12. Encoder of TDC; 

13. Charge amplifier; 14. Indi meter; 15. Monitor; 16. silencer of Exhaust 
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Table 1. Experimental setup specification 

 
Stroke 4 

Cylinder Single 

Rated Power 4.5 kW 

Load type Eddy Current Dynamometer 

Injection Timing 19° bTDC 

Rated speed 1500 rpm 

Injection pressure 210 bar 

Injection timing 17°bTDC 

Fuel-pump plunger diameter 8 mm 

Number of injector (nozzle) 4 

Fuel nozzle Diameter 0.32 mm 

Cooling system Oil 
Compression ratio 16:1 

                Dynamometer          Eddy current dynamometer 

          Temperature sensor K Type, Sheath 6*110(mm) 

 

 

 

Table 2. Inherent uncertainty for machinery 

 
Factors Correctness % Uncertainty 

Load ± 0.09 kg ± 0.1 

Speed ± 12 rpm ± 0.1 

 Fuel measurement ± 0.1 cc ± 1 

Manometer ± 1 mm ± 1 

Smoke ± 0.3 % ± 0.3 

Time ± 0.1 sec ± 0.1 

CO ± 0.01 % ± 0.1 

NO ± 3 ppm ± 0.3 

HC ± 5 ppm ± 0.5 
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2.2 Characteristics of Palm Stearin Biodiesel Fueled (PSBD) 
 

Transesterification with a base catalyst was used to make PSO [13, 14]. 

To remove any remaining water, palm-stearins are first dried for 150 minutes 

in an incubator at 80°C. The seeds are vigorously ground in order to remove 

the oil. From 1.2 kg of palm stearin, 500 mL of oil was discovered. PSO's 

FFA is made up of 12.4 percent Lauric C12, 8.8 percent Myristic C14, 28.6 

percent Stearic, 24.7 percent Oleic, and 25.5 percent Oleic (Linoleic). PSO 

was then heated to 65°C after being combined with methanol in a 5.5:1 molar 

ratio and 1 gram of KOH. For a higher rate of ester conversion, the mixture 

containing methanol, KOH, and palm-stearin oil is stimulated (450 rpm, 60 

minutes) and heated incessantly [15]. The mixture was kept intact for 

isolation of glycerol of ester after appropriate relaxation and heating. The 

ester was collected using the gravity settling process. The obtained ester was 

then used to test its properties after separation. Table 3 displays the 

properties of PSBD, PSBD amid propane at 3 and 6 lpm, and diesel. 

 

Table 3. Verified fuels properties 

 

 

 

 Properties 

 

Diesel fuel 

 

PSB

D 

 

ASTM 

standards 

 

Method 

 

Kinematic 

viscosity,cST @ 

40oC 

 
2.5 

 
5.1 

 
ASTM D445 

 
Redwood Viscometer 

 

Density @15oC,   

g/cm3 

 
0.8 0.85 

 
ASTM D1298 

 
Pycnometer 

 

Lower Heating 

value kJ/kg 

 
42300 3950

0 

 
ASTM D240 

 
Bomb calorimeter 

 
 

Cetane index 

 
45 55 

 
ASTM D976 

 

API gravity & mid- boiling 

point 
 

Flash point, oC 

 
70 158 

 
ASTM D93 

 

Pensky Martens 

Apparatus [Closed Cup] 
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3. Results and Discussion 
 
3.1 Consumption of Brake Specific Fuel (BSFC) 
 

The transition in BSFC to BP for PSBD, PSBD amid propane at 3 and 6 

lpm, and diesel is seen in Figure 2. The BSFC for diesel ranges from 0.3 (1.1 

kW) to 0.14 kg/kW-h (5.5 kW), while the BSFC for PSBD ranges from 0.37 

(1.1 kW) to 0.22 kg/kW-h (5.5 kW). At 1.1 kW, BSFC for PSBD is 0.07 

kg/kW-h higher than diesel, and at 5.5 kW, it is 0.08 kg/kW-h higher. PSBD 

uses more fuel to sustain the same amount of electricity as BTE owing to its 

lower heating value [16, 17]. PSBD at 3 lpm has a BSFC of 0.35 (1.1 kW) to 

0.19 kg/kWh (5.5 kW), while PSBD at 6 lpm has a BSFC of 0.31 (1.1 kW) to 

0.16 kg/kW-h (5.5 kW). At 3 and 6 lpm, the BSFC for PSBD amid propane 

is 0.02 and 0.05 kg/kW-h lower than PSBD at 1.1 kW, respectively, and at 

5.5 kW, it is 0.03 and 0.06 kg/kW-h lower. Since propane is a gaseous fuel, it 

increases air-fuel swirl during combustion and reduces BSFC [18,19]. 

Furthermore, because of its lower density, propane at higher concentrations 

increases atomization and vaporization with air and propagates the effective 

transfer of chemical energy due to its effective heat factor [20,21]. Propane 

increases the rate of combustion and performance of the petrol, lowering the 

BSFC [22, 23]. In the same engine state, BSFC observed PSBD amid 

propane at 3 lpm, PSBD amid propane at 6 lpm, petrol, and PSBD at full-

load conditions of 0.19, 0.16, 0.14, and 0.22 kg/kW-h. Many authors' studies 

show a similar finding [22, 24, 25].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  BSFC for palm-stearin biodiesel and different Propane production 

speed 
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3.2 Emission of Carbon Monoxide  
 

The transition in BSCO to BP for PSBD, PSBD amid propane at 3 and 6 lpm, 

and diesel is seen in Figure 3. The BSCO for diesel has been changed from 3 

(1.1 kW) to 4.9 g/kW-hr (5.5 kW), while the BSCO for PSBD has been 

changed from 2.7 (1.1 kW) to 4.5 g/kW-hr (5.5 kW) (5.5 kW). At 1.1 kW, 

BSCO for PSBD is 0.3 g/kW-hr less than diesel, and at 5.5 kW, it is 0.3 

g/kW-hr less. Since it provides ample oxygen, PSBD encourages proper 

carbon oxidation and emits fewer CO than diesel [26, 27].   

Furthermore, PSBD provides a higher air-fuel ratio, resulting in better carbon 

oxidation [28, 29]. PSBD at 3 lpm has a BSFC of 2.3 (1.1 kW) to 4.1 g/kW-

hr (5.5 kW), while BTE at 6 lpm has a BSFC of 1.9 (1.1 kW) to 3.7 g/kW-hr 

(5.5 kW) (5.5 kW). At 3 and 6 lpm, the BSFC for PSBD amid propane is 0.4 

and 0.5 g/kW-hr lower than PSBD at 1.1 kW, respectively, while it is 0.8 and 

0.7 g/kW-hr lower at 5.5kW. At 3 and 6 lpm, propane has a higher flame and 

broader flammability than PSBD, which increases combustion and reduces 

BSCO for PSBD.  Moreover, propane supply to PSBD strengthened the 

ignition patterns of PSBD by enhancing fuel-air swirl [30, 31, 32], 

atomization, and vaporization with air [33, 34], and lowering BSCO. In the 

same engine situation, BSCO find 4.1, 3.7, 4.9, and 4.5 g/kW-hr for PSBD 

amid propane at 3 lpm, PSBD amid propane at 6 lpm, petrol, and PSBD at 

full-load conditions. A gaseous fuel used and substantially lowered BSCO  

emissions for neat biodiesel [22]. 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

Figure 3.  Variation in CO emission for palm-stearin Biodiesel & various 

Propane supply rates 
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3.3 Efficiency of Brake Thermal (BTE) 
 

The transition in BTE to BP for PSBD, PSBD amid propane at 3 and 6 

lpm, and diesel is seen in Figure 4. The BTE for diesel ranges from 6.7 (1.1 

kW) to 28.2 percent (5.5 kW), while the BTE for PSBD ranges from 5.5 (1.1 

kW) to 26.9 percent (5.5 kW). PSBD has a BTE of 1.1 kW, or 1.2 percent 

less than diesel, and a BTE of 5.5 kW, or 1.3 percent less than diesel. PSBD 

uses more fuel to deliver continuous power because of its reduced heating 

value [17, 35]. PSBD at 3 lpm has a BTE ranging from 5. (1.1 kW) to 26.3 

percent (5.5 kW), while PSBD at 6 lpm has a BTE ranging from 6.1 (1.1 kW) 

to 26.7 percent (5.5 kW). At 3 and 6 lpm, BTE for PSBD amid propane is 0.3 

and 0.6 percent higher than PSBD at 1.1 kW, respectively, while at 5.5 kW, 

it is 0.4 and 0.7 percent higher. Propane supply to PSBD improved ignition 

trends by enhancing fuel-air swirl [17, 23, 36], atomization, and vaporization 

with air [18, 19,  37]. Because of its effective heat intensity, propane also 

starts the effective conversion of chemical energy [22]. In the same engine 

state, BTE observed for PSBD amid propane at 3 lpm, PSBD amid propane 

at 6 lpm, petrol, and PSBD at full-load conditions was 26.3, 26.7, 28.2, and 

26.9%. Many authors' experiments show that an improvement in BTE has a 

similar effect [22, 36, 37]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.  BTE for palm-stearin biodiesel varies, as do different propane 

supply speeds. 
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3.4 Opaqueness of Smoke 
 

The transition in smoke emissions to BP for PSBD, PSBD amid propane 

at 3 and 6 lpm, and diesel is seen in Figure 5. Diesel produces smoke in the 

range of 1.1 (1.1 kW) to 2.1 BSU (5.5 kW), while PSBD produces smoke in 

the range of 0.9 (1.1 kW) to 1.8 BSU (5.5 kW) (5.5 kW). At 1.1 kW, PSBD 

emits 0.2 BSU less smoke than diesel, and at 5.5 kW, it emits 0.3 BSU less 

smoke. When fueled with PSBD, the diesel engine emits less smoke and 

works in a higher oxygen atmosphere [37, 38, 39]. PSBD also provides a 

higher air-fuel ratio due to its O2 content, resulting in better combustion and 

lower smoke. PSBD smoke ranges from 0.7 (1.1 kW) to 1.5 BSU (5.5 kW) at 

3 lpm, while PSBD smoke at 6 lpm varies from 0.5 (1.1 kW) to 1.3 BSU (5.5 

kW) (5.5 kW). PSBD amid propane smoke is 0.2 and 0.4 BSU lower at 3 and 

6 lpm than PSBD at 1.1 kW, respectively, while it is 0.3 and 0.5 BSU lower 

at 5.5 kW. For PSBD with propane supply, the higher flame and broader 

flammability present in propane increase combustion and decrease smoke. 

PSBD amid propane smoke is 0.2 and 0.4 BSU lower at 3 and 6 lpm than 

PSBD at 1.1 kW, respectively, while it is 0.3 and 0.5 BSU lower at 5.5 kW. 

For PSBD with propane supply, the higher flame and broader flammability 

present in propane increase combustion and decrease smoke. In the same 

engine condition, smoke was observed for PSBD amid propane at 3 lpm, 

PSBD amid propane at 6 lpm, petrol, and PSBD at full-load conditions at 1.5, 

1.3, 2.1, and 1.8 BSU. A gaseous fuel was used and found that it greatly 

decreased smoke pollution as compared to tidy biodiesel [22]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.  Variation in Smoke emission for palm-stearin Biodiesel & 

Propane supply rates 
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3.5 Emissions of Brake Specific Oxides of Nitrogen  
 

The transition in BSNO to BP for PSBD, PSBD amid propane at 3 and 6 

lpm, and diesel is seen in Figure 6. The BSNO for diesel engines ranges from 

6.1 (1.1 kW) to 14.1 g/kW-hr (5.5 kW), while the BSNO for PSBD engines 

ranges from 8.2 (1.1 kW) to 17.6 g/kW-hr (5.5 kW). At 1.1 kW, the BSNO 

for PSBD is 1.9 g/kW-hr higher than diesel, and at 5.5 kW, it is 3.5 g/kW-hr 

higher. When using PSBD, which mounts BSNO, diesel engines achieve 

higher residing time, combustion temperature, and oxygen supply [17, 18, 

40]. PSBD at 3 lpm has a BSNO of 7.5 (1.1 kW) to 16.6 g/kW-hr (5.5 kW), 

while PSBD at 6 lpm has a BSNO of 7.2 (1.1 kW) to 15.5 g/kW-hr (5.5 kW) 

(5.5 kW). At 3 and 6 lpm, BSNO for PSBD is 0.3 and 0.9 g/kW-hr higher 

than diesel at 1.1 kW, respectively, and at 5.5 kW, it is 1.1 and 1.9 g/kW-hr 

higher. Propane strengthened PSBD ignition patterns by increasing fuel-air 

swirl, residing time, combustion temperature, and NO emissions [33, 34, 40]. 

Propane also begins the successful transfer of chemical energy due to its 

effective heat rate, which raises BSNO levels [22].  

In the same engine condition, BSNO tested 16.6, 15.5, 14.1 and 17.6 

g/kW-hr for PSBD amid propane at 3 lpm, PSBD amid propane at 6 lpm, 

petrol, and PSBD at full-load conditions. Many studies indicate that a 

decrease in BSNO has a similar effect [22, 33, 34].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.  Variation in NO emission for palm-stearin biodiesel and propane 

supply rates 
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3.6 Emission of Hydrocarbon  
 

Figure 7 indicates the BSHC to BP conversion for PSBD, PSBD with 

propane at 3 and 6 lpm, and diesel. The BSHC for diesel engines varies from 

0.35 (1.1 kW) to 0.56 g/kW-hr (5.5 kW), while the BSHC for PSBD engines 

ranges from 0.31 (1.1 kW) to 0.52 kg/kW-h (5.5 kW). At 1.1 kW, BSFC for 

PSBD is 0.04 g/kW-hr higher than diesel, but at 5.5 kW, it is 0.05 g/kW-hr 

higher. PSBD has a lower BSHC because it creates less air flame dilution, 

crevice volume, and proper fuel circulation than diesel [18, 33, 34]. SBD at 3 

lpm has a BSHC ranging from 0.3 (1.1 kW) to 0.48 g/kW-hr (5.5 kW), while 

PSBD at 6 lpm has a BSHC ranging from 0.27 (1.1 kW) to 0.44 g/kW-hr (5.5 

kW) (5.5 kW).  

At 3 and 6 lpm, the BSFC for PSBD amid propane is 0.01 and 0.04 

g/kW-hr lower than PSBD at 1.1 kW, respectively, while at 5.5 kW, it is 0.04 

and 0.07 g/kW-hr lower. PSBD amid propane at 3 and 6 lpm increases air 

velocity, reducing wall wetting and resulting in greater atomization and 

lower BSHC [41]. With propane fueling, BSHC emissions decrease in a 

linear pattern. Propane increases fuel burn rate and combustion efficiency, 

reducing BSHC [22, 33, 34, 39]. In the same engine state, BSHC observed 

PSBD amid propane at 3 lpm, PSBD amid propane at 6 lpm, petrol, and 

PSBD at full-load conditions of 0.48, 0.44, 0.56, and 0.52 g/kW-hr. Many 

authors' studies produce a similar finding [22, 34, 39, 40].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.  Variation in HC emission for palm-stearin biodiesel and propane 

supply rates 
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4 Conclusions 
 

Finally, the current study looked at the emissions from Palm-stearin 

Biodiesel and the direct use of heat produced by PSBD in diesel engines. 

Propane was induced with air at various liters per minute to improve the 

emission and performance of a PSBD-powered diesel engine. The three-step 

acid transesterification technique converts the FFA content of raw oil into 

methyl form. PSBD has properties that are comparable to diesel. Propane 

improves PSBD ignition patterns by improving fuel-air swirl, atomization, 

and vaporization with air, as well as increasing BTE by 0.6 percent. Since 

propane is a gaseous fuel, it facilitates the efficient conversion of chemical 

energy into fuel, reducing the BSFC by 0.06 kg/kW-h. Propane has a higher 

flame and larger flammability, which increases combustion and reduces 

BSCO by 0.8 g/kW-hr for PSBD. Propane increases the rate of fuel 

combustion and reduces the combustion efficiency. BSHC and smoke levels 

were decreased by 0.07 g/kW-hr and 0.5 BSU, respectively. The addition of 

propane to PSBD improved fuel-air swirl, resulting in increased residing 

time, combustion temperature, and NO emissions.  
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