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Abstract 
The use of crude biogas for the ongoing investigation of vaporous choices for diesel 
motors. Because of the way that vaporous fuel can't consume by pressure, biogas can't 
be utilized alone to control a diesel motor. It very well may be given to CI motors that 
are showing on double fuel to joining air and biogas in a framework. To make a 
homogeneous combination, the venturi gas blender gadget utilized in this study creates 
a diesel motor that consumes biogas, biodiesel, and diesel. On the presentation and 
outflow attributes of the double fuel motor rather than diesel, exploratory examination 
was directed. The outcomes showed that biogas presented at a stream pace of 1L/min 
worked preferred and created less outflows over biogas presented at other stream rates. 
However, when compared to diesel, the dual-fuel mode with a BD10 BG@1L/min biogas 
flow rate demonstrated an average decrease in BTE of 9.94% and an increase in BSFC of 
8.82 percent. CO and HC emanations are up 5.18 and 3.01 percent, separately, in 
contrast with diesel, however NOx discharges are down 14.91 percent overall. 

Keywords: Alternative Fuel, Biogas, Biodiesel, Diesel Engine, Dual-fuel, Venturi Gas 
Mixer 

 

1.  INTRODUCTION 
The need for transportation is multiplied by the fact that India is one of the nations that 
is developing at the fastest rate and is expanding steadily. Fuel consumption is directly 
related to this demand. Because of an absence of petroleum derivative sources, India 
depends intensely on imported powers, which essentially affects the nation's economy. 
Biodiesel may now be removed at sensible expenses and amounts thanks to ongoing 
exploration and studies. The mix of fossil diesel and biodiesel offers a few benefits, 
including lower toxins, further developed motor execution, more noteworthy cetane 
evaluations, less wear on the motor, low fuel use, and decreased oil use. It goes without 
saying that using bio-diesel makes the engine work better. The Indian economy will be 
enormously influenced by this. Diesel powers essentially affect a country's modern area. 
The goal of this paper is to dispose of biodiesel with different energizes the rate in 
biodiesel mix of green growth biodiesel demonstrates postfix B20 mathematical. The 
level of algal biodiesel by volume in the biodiesel mix is demonstrated by the postfix 
B20 following the mathematical mark. To lay out a pattern for correlation, tests were 
likewise done using diesel and AOME as the fuel. For both the biodiesel and biogas 
double fuel method of activity as well as the diesel and biodiesel single fuel mode, tests 
were done at different loads and appraised RPM. The baseline diesel engine's 
performance and emission characteristics are compared. There have been concentrates 
on directed from one side of the planet to the other on the feasibility of utilizing 
different inexhaustible fluid and vaporous fills. The volumetric level of algal biodiesel in 
the biodiesel mix is shown by the addition B20 that follows the mathematical mark. To 
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lay out a standard for examination, tests were likewise done using diesel and AOME as 
the fuel. For both the biodiesel and biogas double fuel method of activity as well as the 
diesel and biodiesel single fuel mode, tests were done at different loads and evaluated 
RPM. To look at motor conduct regarding ignition, execution, and outflow qualities, a 
standard of a typical diesel run is utilized. There have been concentrates on led from 
one side of the planet to the other on the practicality of utilizing different sustainable 
fluid and vaporous fills. Motor execution is expanded when these altered vegetable oils 
are utilized instead of base vegetable oils. . This expansion in execution is credited to the 
changed powers' productive atomization in the injector spout and their fundamentally 
lower viscosities. It was resolved that the presentation of non-eatable oils such cotton 
seed oil Ayade and Latey, 14)and rice wheat oil Barik and Murugan15)was good. 
Vegetable oils have for some time been utilized as a fuel hotspot for diesel motors. 
During the 1900 Paris Article, Rudolph Diesel's motor was fueled by nut oil. In spite of 
being in fact practical, vegetable oil as a fuel neglected to acquire prevalence since it was 
more costly than petrol based energizes. Later, the numerous circumstances mentioned 
earlier rekindled researchers' interest in vegetable oil as a diesel engine replacement. 
As how much biodiesel in the fuel mix expanded, so did the thickness and viscosities of 
the mixes. Additionally, it ensures that the oil flows freely and reduces filter blockage. 
Without changing the motor, a few specialists Ali and Salih10), Araki et al.13) led 
preliminaries on diesel motors using non-palatable vegetable oils as substitute powers 
and found that the BSFC, greatest brake warm proficiency, and discharges like CO, HC all 
rose. Desalination with nanofluids has been inspected by Dharamveeret al.21) The 
energy and exergy of dynamic sun powered stills were analyzed by Kumar and Singh 
22) utilizing a compound explanatory concentrator. By changing infusion timing and 
infusion pressure, Shanker, et al.23) inspected the exhibition of a C.I. motor running on 
biodiesel fuel. Anup et al. applied FEA. 24) to concentrate on the fridge compartment 
and advance warm execution. Streamlined warm execution of a little intensity 
exchanger by Kumar and Singh 25)The impacts of dynamic and inactive sun powered 
still conduct on energy lattices and ecological financial matters were inspected by 
Dharamveer and Samsher26). Dharamveer et al. conducted an analysis on the Nth 
identical photovoltaic thermal (PVT) compound parabolic concentrator (CPC) active 
double slope solar distiller with a helical coiled heat exchanger. 27) utilizing CuO 
nanoparticles. Dharamveer et al. used CuO nanoparticles to 28) execution of a 
functioning single incline sun oriented distiller with a helically curled heat exchanger 
and N-indistinguishable PVT-CPC gatherers was assessed. Utilizing CFD, Kumar and 
Singh 24) directed a near investigation of single stage microchannel heat stream tests. 
Warm investigation of coal and waste cotton oil fluid delivered by pyrolysis of diesel 
motor fuel was completed by Subrit and Singh 30). By utilizing biodiesel pamitran et al. 
31) instead of customary diesel fuel, discharges of unburned hydrocarbons, carbon 
monoxide, and particulates are essentially decreased. Utilizing the trans-esterification 
process, raw petroleum is changed into methyl ester of oil (biodiesel). Without changing 
the motor, Karanja oil's methyl and ethyl ester Jagadish and Gumtapure19)is likewise a 
fuel choice for pressure start motors. The different horrible ignition qualities of Slick 
vegetable oils are brought about by higher consistency. Vegetable oil thickness levels 
can be diminished utilizing four notable strategies: weakening, pyrolysis, miniature 
emulsion, and trans-esterification. The presentation, burning, and discharge qualities of 
a double fuel mode diesel motor utilizing biogas and biodiesel are likewise shrouded 
top to bottom investigations of various distributions. Numerous princely countries 
across the world have taken a stab at utilizing biogas and vegetable oils as diesel motor 
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fuel. Vegetable oil has been utilized as unadulterated, esterified, or joined with diesel in 
most of exploration studies. Tests showing the potential outcomes and issues with this 
fuel source have been done by various analysts, motor producers, and customers in 
different countries. Nonetheless, there are various real issues that forestall the 
expansion of this source to the power matrix. The writing on monetary appraisal is 
checked on later in this article. As should be visible from the writing over, a 
diesel-biogas double fuel diesel motor's exhibition, burning, and discharge qualities for 
the most part rely upon two factors. These are the parameters used to operate the 
engine and the mixing equipment. Venturi blenders give a homogeneous rush into the 
motor chamber, dispensing with the capability of heterogeneous burning, bringing 
about complete ignition. The venture connect convergent angle's beta ratio. The current 
group of examination is deficient in this field, which incorporates this. 

 

2. EXPERIMENTAL SETUP 

This section provides a detailed description of the equipment used in this study, 
including information on its features and measuring capabilities.The measurements 
include performance based on data as well experimental setup and procedure. 
Instrumentation is crucial to any experimental investigation because it offers the data 
needed for analysis. 

 

Table 1. List of materials and equipment used for experimental test. 

1 CI engine, and  

2 Biogas  

3 gas mixer 

4 Biodiesel 

5 Measurements apparatus. 

6 Exhaust gas analyzer  

7 Computer (desktop)  

 

Table 2. Engine Specifications 

S.No Component          Specification 

1 Engine make Kirloskar,Model TV1 

2 Engine type  1 cylinder, 4stroke, water cooled   

3 Rated Power 5.2 kW (7 BHP) @1500 rpm 

4 Cylinder  Volume 661cc 

5 Compression Ratio 18 

6 Injection timing (diesel) 23° bTDC 

6 Dynamometer Eddy current, water cooled 

7 Piezo Sensors Range 5000 PSI 

8 Crank Sensor Resolution 10, Speed 5500 RPM  

9 Load Sensor Load cell, type strain  gauge,  

10 Software “Engine soft”, Engine  Performance 
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analysis software 

 

 
Fig.1: Kirloskar Diesel Engine Set-Up 

 

1. MATERIALS AND METHODS 

In order to investigate the effects of raw biogas mass flow rates on diesel engine 
performance and emission parameters under specific operating conditions, 
computational and experimental analyses are presented in this chapter. Under these 
conditions, a gas mixing device is used to operate a diesel engine in dual fuel mode with 
biodiesel and biogas. This also includes gas mixture models of the venturi type that can 
be used to analyze the flow properties. The computational techniques that are offered 
with the required illustrations to construct a gas mixer will use the numerical analysis. 
Investigation of direct injection type four stroke diesel with dynamometer will be 
employed. The next sections include a comprehensive explanation of the study's 
methodology and required materials.. 

 
3.1 Test Fuels 
From an Indian Oil Pvt. Ltd. retail station close to our campus, diesel was purchased. 
Additionally, algal oil that was acquired from a neighborhood retail pharmaceutical 
shop was transesterified to create biodiesel. Fig.2 illustrates how biodiesel is made from 
vegetable oil. The measurements and comparisons between the parameters of biodiesel 
and regular diesel fuel are shown in Table 3. 

 

3.2 Biodiesel production 

Direct usage, blending, micro emulsion, thermal cracking, and trans-esterification the 
most popular method are some of the ways biodiesel can be produced. 

 

Table 3. Composition of different feedstock’s raw biogas (Wierzbicki, 2012) 

 

Component 

Composition  

agricultural 

biogas  

treatment 

plant 

biogas 

landfill 

biogas  
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CH4  45–75%  57–62%  37–67%  

CO2  25–55%  33–38%  24–40%  

O2  0.01–2.1% 0–0.5%  1–5% 

N2  0.01–5.0%  3.4–8.1%  10–25%  

H2S  10–30000 

ppm  

24–8000 

ppm 

15–427 

ppm 

 

 

Fig. 2: Some feedstock’s for biogas production 

 

3.3 Transesterification 

Oil is trans-esterified with an alcohol (methyl or ethyl) to produce biodiesel, a fuel with 
lower viscosity and cleaner burning characteristics. Trans-esterification is frequently 
utilised in the industrial setting to produce biodiesel. The biodiesel and glycol are 
produced in existence of NaOH or KOH based on weight around 1%. 
This happens as a result of a series of three reversible reactions in which triglycerides 
are first changed to diglycerides, then to mono-glycerines, and finally to esters and 
glycerol from mono-glycerines. During trans-esterification referred to methyl ester. 
Figure depicts the trans-esterification of algal oil's chemical reaction. In Table4, the 
qualities of the algae-based biodiesel are assessed and compiled. 
 

Table 4. Properties of fuels 

Property Algae Oil AOME 

(Bio Diesel) 

Density at 40 ºC (g/m3) 0.871 0.864 

Specific Gravity at 40 ºC 0.916 0.894 

Flash point (°C) 145 130 

Kinematic Viscosity, 40 

ºC(mm2/s) 

5.76 5.2 

Iodine Value (g/100g oil) 124 75 

Acid Value (mg KOH/ g oil) 0.46 0.374 
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Calorific value (kJ/kg) 37200  

 

4. EXPERIMENTAL PROCESS 

4.1 Methodology 

A carefully thought-out methodology will be used to address the general and specific 
objectives of this effort. To complete this study, various techniques will be used in 
combinations. Results of the analysis of experiment and mixer device manufacturing 
biodiesel outputs created the purchase of diesel fuel. 
 

5. RESULT AND DISCUSSION 

Experimental analysis presents emission characteristics related to operation. Dual fuel 
mode biodiesel engine performance and emission are also covered in this paper along 
with how variations in load, biogas flow rate, and biogas substitution percentage impact 
these factors. 

 

5.1 Engine Performance Characteristics 

The parts that follow provide explanations of a diesel engine's performance 
characteristics under various engine loads when it used diesel fuel and diesel combined 
with biogas as a dual fuel, including brake thermal efficiency and brake-specific fuel 
consumption. 

 

5.2 Brake thermal efficiency (BTE) 

This slows down the biogas-air charge's rate of combustion and reduces flame 
propagation, which lowers the dual-fuel mode brake's thermal efficiency, as shown in 
Fig. 3. A comparable pattern was noted by (Rosha et al., 2018). On the other hand, as the 
biogas flow rate rises, BTE falls during dual-fuel mode operations. This is because a 
higher biogas induction rate causes the flame propagation speed to be reduced even 
more, which lowers BTE. In comparison to diesel mode, BD10D90 + BG@1L/min, 
BD20D80 + BG@2L/min, and BD35D75 + BG@4L/min flow rates, respectively, saw 
average BTE reductions of 15.94%, 20.04%, and 23.58%. 

 

 
Fig. 3: Variation of brake thermal efficiency versus engine load. 

 

5.3 Brake specific fuel consumption (bsfc) 

Fuel heating value affects fuel economy for various brake applications (Sandalc et al., 
2019). The brake-specific fuel consumption for diesel and biogas mixes in proportion to 
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engine load is shown in Fig. 5. Even when the engine was only partially loaded, it was 
observed that both modes consumed a significant amount of fuel specifically for the 
brakes. This is brought on by a lower output power at a lighter load. Due to an increase 
in combustion rate brought on by a high air-fuel ratio and high combustion temperature, 
it was shown to be less for both modes of operation under high engine load. Table 7 
represents quantitative consumption of both diesel and dual fuel operation. Fig. 6 
shows that, throughout the load range, feeding biogas results in higher fuel usage than 
diesel mode. This is because biogas burns slowly and has a low energy density, which 
results in increased BSFC when using a dual fuel system. Additionally, because raw 
biogas has a higher percentage of non-combustible components than finished biogas, it 
has a lower fuel quality. 

 

 

Fig. 4:Variation of brake specific fuel consumption with respect to engine load 

 

5.4 Exhaust Gas Emissions 

Knowing an individual fuel's exhaust emissions is crucial for future emission control 
methods, such as searching for substitute fuels that produce fewer emissions or tuning 
engine operating settings. The emissions from pure diesel and dual fuel biogas-diesel 
diesel engines are covered in this section. Now, using the Automobile Exhaust Gas 
Analyzer SV-50 to measure CO, CO2, HC, O2, and NOx emissions at various loads with 
varying biogas flow rates, these emissions are compared to neat diesel fuel emissions 
and briefly reviewed in this section. 

 

5.5 Exhaust Emissions of Carbon Monoxide (% Vol.) 

Fig. 5 illustrates how CO emissions for diesel fuel and diesel with biogas blends vary 
depending on load. When using dual fuel, higher CO levels than diesel are seen. This is 
because biogas burns more slowly than diesel because of the presence of carbon 
monoxide (CO), reduces oxygen levels due to the induction of biogas, and has a higher 
specific heat than diesel. The afore mentioned factors that lead to incomplete 
combustion of some fuels and significant CO output. It also rises as the flow rate of 
biogas rises. This is because the high biogas flow rate reduces O2 availability in the 
combustion chamber and further raises CO2 concentration.Average CO emission 
increases from diesel mode for the BD10D90 + BG@1L/min, BD20D80 + BG@2L/min, 
and BD25D75 + BG@4L/min flow rates were 10.18%, 19.91%, and 31.86%, respectively. 
The quantitative value of carbon monoxide emissions is displayed in Table 4.6 below. 
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Fig. 5: Load based Co emission variation 

 

5.6 Exhaust Emissions of Hydrocarbons (ppm Vol.) 

Fig. 6 represents unburnt emission for diesel and biogas. Under all test conditions, the 
emission of unburned hydrocarbons (UHC) from dual fuel operation is higher than that 
of diesel. The average unburnt HC emission increase for the diesel mode for the 
following flow rates: BD10D90 + BG@1L/min, BD20D80 + BG@2L/min, and BD + 
BG@4L/min was 6.01 percent, 19.29 percent, and 30.94 percent, respectively. The HC 
emissions' numerical values are displayed in Table 4.9 below. 
 

 
Fig.6: Load based HC emission variation 

 

5.7 Nitrogen Oxide Exhaust Emissions (ppm Vol.) 

The availability of oxygen, higher combustion temperatures, and the amount of time 
that oxygen-nitrogen interactions remain active before reaching a substantial 
completion level are the primary determinants of NOx production (Bouguessa et al., 
2020). Fig. 7 represents Nox emission for dual and diesel engine. 
Average NOx emission reductions from diesel mode for the BD10D90 + BG@1L/min, 
BD10D90 + BG@2L/min, and BD25D75 + BG@4L/min flow rates were 19.91%, 27.33%, 
and 39.16%, respectively. The NOx emissions' numerical figures are displayed in Table 
4.10 below. 
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Fig. 7:Variation of NOx emissions with respect to load 

 

6. CONCLUSIONS  

The following conclusions for the performance of biodiesel and dual mode diesel engine 

for load conditions. 

As the load grows from 20% to 80% while the biogas flow rate increases from 1L/min 
to 4L/min: 
• Reduction 15.94% to 23.57% in brake thermal efficiency and 11.83% to 20.87% 

increment of BSFC. 
• CO emission 10.18% to 31.85%. 
• Reduction in NOx emission 19.912% to 39.159% respectively. 
1L/min of biogas flow has nearly the same performance and emission characteristics as 
diesel fuel operation and permits very low NOx levels. This is because a particular 
biogas has a low methane content. 

 

Nomenclature 

RPM Rotation per minute 

cp specific heat capacity (J kg-1 K-1) 

P power (W) 

Nm Newton meter 

BDC Bottom dead centre 

CO Carbon Mono oxide 

TDC Top Dead centre 
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