
International Journal of Performability Engineering, Vol. 10, No. 5, July 2014, pp. 511-520. 
©RAMS Consultants 
Printed in India 
 

___________________________________ 
*Corresponding author’s email: prajapatimed@gmail.com                                                                                511 

Effect of Blend Fuels on the Mechanical and Volumetric 
Efficiencies in CVCRM Engine Test Rig 

D. R.  PRAJAPATI*1  and GURPREET SINGH2 

1Mech. Engg. Deptt. PEC University of Technology, Chandigarh, INDIA 
2MED, Mahant Bachittar Singh College of Engineering and Technology, Babliana, 
Jammu, INDIA  

(Received on October 18, 2013, revised on April 28, and May 19, 2014) 

Abstract: Bio-fuels appear to be more environment friendly in comparison to fossil fuels, 
considering the emission of greenhouse gasses when consumed. In this paper, an attempt 
is made to study and compare the mechanical and volumetric efficiencies of bio-fuels, 
prepared from the blending of soya-bean and mustard oils with petrol. It is found that the 
out of the two soya-bean oil blends, 15-PRS shows the higher mechanical efficiency 
compared to 20-PRS at the engine loads of 2.5 Kg, 5 Kg and 7.5 Kg, while out of the two 
mustard oil blends, 20-PRM shows the higher mechanical efficiency compared to 15-
PRM at the engine loads of 2.5 Kg, 5 Kg and 7.5 Kg. Out of the two mustard oil blends, 
15-PRM shows the higher volumetric efficiency compared to 20-PRM at the engine loads 
of 2.5 Kg and 5.0 Kg. 

Keywords: Soya-bean oil blends, mustard oil blends, CVCRV engine, Mechanical 
efficiency and volumetric efficiency  

1.    Introduction 

With a worldwide increasing number of vehicles and a rising demand of emerging 
economies, demand of fuels will probably be rise even harder. Increase in demand in 
transport increases the fossil fuel demand. However, resources of these fuels are running 
out, prices of fossil fuels are expected to rise and the combustion of fossil fuels has 
detrimental effects on the climate. The expected scarcity of petroleum supplies and the 
negative environmental consequences of fossil fuels have spurred the search for 
renewable transportation bio-fuels. Vegetable oils have potential for making marginal 
land productive by their property of nitrogen fixation in the soil. Their production requires 
lesser energy input in production.  
     The advantages of vegetable oils as diesel fuel are their portability, ready availability, 
renewability, higher heat content (about 88% of D2 fuel), lower sulfur content, lower 
aromatic content, and biodegradability. The main disadvantages of vegetable oils as diesel 
fuel are high viscosity, low volatility, and the reactivity of unsaturated hydrocarbon 
chains. The injection and atomization characteristics of the vegetable oils are significantly 
different than those of petroleum-derived diesel fuels, mainly as the result of their high 
viscosities. The vegetable oils, as alternative engine fuels, are all extremely viscous with 
viscosities ranging from 9 to 17 times greater than that of petroleum-derived diesel fuel, 
as discussed by Prajapati and Singh [1].  
     An acceptable alternative fuel for engine has to fulfill the environmental and energy 
security needs without sacrificing operating performance. Vegetable oils can be 
successfully used in compression ignition (CI) engine, through engine modifications and 
fuel modifications because vegetable oil in its raw form cannot be used in engines. It has 
to be converted to a more engine-friendly fuel called bio-diesel. Bio-diesel has 
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comparable energy density, cetane number, heat of vaporization, and stochiometric 
air/fuel ratio with mineral diesel.  

2. Notation 
CVCRM Computerized Variable Compression Ratio Multi-fuel 
CI Compression Ignition 
θ  Crank Angle (in degree) 
MBF Mass Fraction Burnt (in %) 
b.p. Brake Power (in KW)    
i.p. Indicated Power 
EEOC Estimated End of Combustion Angle 
15PRS Blending of 15% Soya-bean Oil with Petrol  
15PRM  Blending of 15% Mustard Oil with Petrol 
20PRM Blending of 20% mustard oil with Petrol  
η

Mech  Mechanical Efficiency 
η

Vol  
Volumetric efficiency 
 

 3.   Literature Review 

Various efforts have been made by the researchers to work on various alternative fuels 
and Table 1A shows the summary of researchers’ contribution in Appendix A. The details 
of apparatus and preaparation of bio-fuels are discussed in the next section. 

4.   Preparation of Bio-Fuels 

The computerized variable compression ratio multi-fuel engine test rig is an automatic 
engine which makes our work easier by calculating the various parameters. Both petrol 
and diesel fuels may be used on this engine. The compression ratio can be varied from 5:1 
to 20:1. The load can also be varied from 0-10 KG. By varying the load or the 
compression ratio the efficiencies and the specific fuel consumption may be calculated. 
The minimum fuel required for proper engine functioning is 5 litre. The engine contains 
two sensors one for petrol and other for diesel. Their main function is to decide the range 
of the fuel level.  

4.1 Preparation of Bio-fuel from Vegetable Oil 

Production of bio-diesel was carried out using a bio-fuel reactor. Bio-fuel reactor contains 
magnetic stirrer, condenser, flask, pump and the tub. The raw material used was vegetable 
oil (mustard oil or refined Soyabean oil). One litre of vegetable oil along with methanol 
(in appropriate quantity, depending on the oil used) was mixed in the round bottom flask. 
Five grams of catalyst (potassium hydroxide) was added in the mixtures, as shown in 
Fig.1. The whole mixture (oil + catalyst + methanol) is heated up to the temperature of 
about 60 degree Celsius and is stirred at a constant r.p.m. For Soyabean oil, the whole 
process is allowed to run for 1 hour 30 minutes and for mustard oil the whole process is 
allowed to run for 1 hour 15 minutes approximately. When the process is over, the 
mixture is allowed to settle for at least 4 hours. Two layers are observed after settling of 
the mixture, the upper and the bottom layer. The ester is visible in the upper layer and the 
glycerol in the bottom layer. The layers are separated using separating funnel and the 
glycerol is removed from the mixture. 
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                      (a) 
 

                   (b) 

Figure 1: Soyabean Oil and Mustard Oil Mixtures in (a) and (b) 
After removing glycerol from the ester, the warm water is added to the remaining part of 
the ester. The mixture is shaken for 4 to 5 times and mixture is then kept undisturbed for 
next 1 hour. Again two layers are observed, the upper layer is of bio-fuel and the lower 
one is of impure solution of potassium hydroxide with the water. The potassium 
hydroxide solution is in the form of white precipitates. The bio-fuel is formed by 
separating the layers.  

4.2   Yield of Bio-Fuel  

(i)  Soyabean Mixed Fuel: 
Methanol used = 168 ml. and    Catalyst used = 5 gm 
Time taken for experiment = 1.30 hours   and Temperature = 610 C 
Maximum yield of bio-fuel = 900 ml 
(ii) For Mustard Oil, 
Methanol used = 220 ml.   and    Catalyst used = 5 gm 
Time taken for experiment = 1.15 hours   and Temperature = 59 0 C  
Maximum yield of bio-fuel = 983 ml 
     For soyabean oil 168 ml is the maximum amount of methanol, which may be added in 
the vegetable oil for the transesterification reaction and for the mustard oil, the maximum 
amount of methanol added is 220 ml. If more methanol is added then it remains un-
reacted in the mixture and floats on the top surface which leads to the wastage of 
methanol and money.  Next section deals with the computation of thermal efficiencies at 
different blends of fuels. 

5.  Computation of Efficiencies 

Mechanical and volumetric efficiencies are computed and presented in this section.     

5.1 Mechanical Efficiency   

The Mechanical efficiency can be defined as the ratio of brake thermal power to the 
indicated power in appropriate units, as given by Ganesan [16]: 

                    η Mech       

where, b.p. = brake thermal power  and i.p. = indicated power 

Variations in the mechanical efficiencies of fuels with respect to change in load are shown 
in this section. Table 1 shows the mechanical efficiencies of engine with using the petrol 
only with respect to change in the loads. 
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Table 1: Variation in the Mechanical Efficiency at Various Loads using only Petrol 
 
 
 
 
 
Table 2 shows the mechanical efficiencies of engine with blending of 15% soya-bean oil 
with the petrol (15-PRS) with respect to change in the engine loads. 

Table 2: Variation in the Mechanical Efficiency of 15-PRS fuel with respect to Loads 
 
 
 
 
 
Table 3 shows the Mechanical efficiencies of engine with blending of 20% soya-bean oil 
with the petrol (20-PRS) with respect to change in the engine loads. 

Table 3: Variation in the Mechanical Efficiency of 20-PRS fuel with respect to Loads 
Load (in Kg) Mechanical Efficiency (%) 

2.5 11.8 
5.0 21.6 
7.5 31.7 

Table 4 shows the Mechanical efficiencies of engine with blending of 15% mustard oil 
with the petrol (15-PRM) with respect to change in the engine loads. 

Table 4: Variation in the Mechanical Efficiency of 15-PRM Fuel with respect to Loads 
Load (in Kg) Mechanical Efficiency (%) 

2.5 13.8 
5.0 33.9 
7.5 50.8 

Table 5 shows the Mechanical efficiencies of engine with blending of 20% mustard oil 
with the petrol (20-PRM) with respect to change in the engine loads. 

Table 5: Variation in the Mechanical Efficiency of 20-PRM Fuel with respect to Loads 
Load (in Kg) Mechanical Efficiency (%) 

2.5 21.2 
5.0 35.8 
7.5 54.5 

5.2   Volumetric Efficiency 

It indicates the breathing ability of the engine. It is noted that utilization of air is what 
going to determine the power output of the engine. Hence an engine must be able to take 
as much air as possible. It is defined as the ratio of volume flow rate of air into the intake 
system to the displaced volume (Vdis) by the system. Ganesan [16] suggested to calculate 
the volumetric efficiency as:          
                                                                                      ma  
                       Volumetric efficiency, η Vol.    =      Da×Vdis×N/2 
where   Da = inlet density,  ma = mass flow rate of air and Vdis = displaced volume 

Load  (in Kg) Mechanical efficiency (%) 
2.5 17.7 
5.0 33.9 
7.5 48.9 

Load (in Kg) Mechanical Efficiency (%) 
2.5 13.6 
5.0 33.5 
7.5 51.1 
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     Variations in the volumetric efficiencies of fuels with respect to change in load are 
shown in this section. Table 6 shows the volumetric efficiencies of engine with using the 
petrol only with respect to change in the loads.  

Table 6: Variation in the Volumetric Efficiency at Various Loads using Petrol only 
 
 
 
 
 
Table 7 shows the volumetric efficiencies of engine with blending of 15% soya-bean oil 
with the petrol (15-PRS) with respect to change in the engine loads. 

 
Table 7:  Variation in Volumetric Efficiency of 15-PRS Fuel with respect to Loads 

 
 

 
 
 
Table 8 shows the volumetric efficiencies of engine with blending of 20% soya-bean oil 
with the petrol (20-PRS) with respect to change in the engine loads. 

Table 8: Variation in the Volumetric Efficiency of 20-PRS Fuel with respect to Loads 
Load (in Kg) Volumetric Efficiency (%) 

2.5 38.77 
5 49.48 

7.5 60.29 

 
Table 9 shows the volumetric efficiencies of engine with blending of 15% mustard oil 
with the petrol (15-PRM) with respect to change in the engine loads. 

Table 9: Variation in the volumetric efficiency of 15-PRM fuel with respect to loads 
 

Load (in Kg) Volumetric Efficiency (%) 
2.5 45.77 
5.0 49.61 
7.5 61.59 

Table 10 shows the volumetric efficiencies of engine with blending of 20% mustard oil 
with the petrol (20-PRM) with respect to change in the engine loads. 

Table 10: Variation in the Volumetric Efficiency of 20-PRM Fuel with respect to Loads 
        Load  (in Kg) Volumetric Efficiency (%) 

2.5 44.06 
5 49.09 

7.5 63.34 

6.    Analysis and Comparison  

Mechanical and volumetric efficiencies of various blends of bio-fuels are computed in the 
above section but their comparison and analysis is discussed in this section. 
 

Load   (in Kg) Volumetric Efficiency (%) 
2.5 42.48 
5 55.98 

7.5 62.47 

Load   (in Kg) Volumetric Efficiency (%) 
2.5 51.65 
5 53.52 

7.5 62.49 
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6.1   Comparison of Mechanical Efficiencies 

Table 11 shows the comparison of the mechanical efficiencies of different bio-fuels used 
in the engine.  

Table 11: Comparison of Mechanical Efficiencies of Different Fuels 

Load 
(in Kg) 

 

Mech.  
Efficiency 
of Petrol 
only (%) 

Mech. 
Efficiency of 
15-PRS (%) 

Mech. 
Efficiency of 
20-PRS (%) 

Mech. 
Efficiency of 
15-PRM (%) 

Mech. 
Efficiency of 
20-PRM (%) 

2.5 17.7 13.6 11.8 13.8 21.2 
5.0 33.9 33.5 21.6 33.9 35.8 
7.5 48.9 51.1 31.7 50.8 54.5 

 
The graphical comparison of mechanical efficiencies of different fuels at different loads is 
shown in Fig. 2. 

                
Figure 2: Mechanical Efficiency at Various Fuel Blends 

The following observations can be made from the Table11: 
(i) Out of the two soya-bean oil blends, 15-PRS shows the higher mechanical 

efficiency compared to 20-PRS at the engine loads of 2.5 Kg, 5 Kg and 7.5 Kg. 
(ii) It means that the blend 15-PRS shows the higher mechanical efficiencies 

compared to 20-PRS at all the three loads. 
(iii) Out of the two mustard oil blends, 20-PRM shows the higher mechanical 

efficiency compared to 15-PRM at the engine loads of 2.5 Kg, 5 Kg and 7.5 Kg. 
(iv) It means that the blend 15-PRS shows the higher mechanical efficiencies 

compared to 20-PRS at all the three loads. 
(v) At the load of 2.5 Kg, the blend of 20-PRM shows the highest mechanical 

efficiency compared to all other blends.  
(vi) At the load of 5.0 Kg, the blend of 20-PRM shows the highest mechanical 

efficiency compared to all other blends.  
(vii) At the load of 7.5 Kg, the blend of 20-PRM shows the highest mechanical 

efficiency compared to other blends.  
 
 



        Effect of Blend Fuels on the Mechanical and Volumetric Efficiencies in CVCRM Engine Test Rig      517 
 

6.2 Comparison of Volumetric Efficiencies 

Table 12 shows the comparison of the volumetric efficiencies of different bio-fuels used 
in the engine.  

Table 12: Comparison of Volumetric Efficiencies of Different Fuels 

Load 
(in Kg.) 

Vol. 
Efficiency of 
Petrol Only (%) 

Vol. 
Efficiency of 
15-PRS (%) 

Vol. 
Efficiency of 
20-PRS (%) 

Vol. 
Efficiency of 
15-PRM (%) 

Vol. 
Efficiency of 
20-PRM (%) 

2.5 42.48 51.65 38.77 45.77 44.06 
5 55.98 53.52 49.48 49.61 49.09 

7.5 62.47 62.49 60.29 61.59 63.34 

The comparison of volumetric efficiencies of different fuels at different loads is shown 
graphically in Fig. 3. 

Figure 3: Volumetric Efficiency at Various Fuel Blends 
 
The following observations can be made from the Table13: 

(i) Out of the two soya-bean oil blends, 15-PRS shows the higher volumetric 
efficiency compared to 20-PRS at the engine loads of 2.5 Kg, 5 Kg and 7.5 Kg. 

(ii) It means that the blend 15-PRS shows the higher volumetric efficiencies 
compared to 20-PRS at all the three loads. 

(iii) Out of the two mustard oil blends, 15-PRM shows the higher volumetric 
efficiency compared to 20-PRM at the engine loads of 2.5 Kg and 5.0 Kg. 

(iv) Out of the two mustard oil blends, 20-PRM shows the higher volumetric 
efficiency compared to 15-PRM at the engine load of 7.5 Kg only. 

(v) At the load of 2.5 Kg, the blend of 15-PRS shows the highest volumetric 
efficiency compared to all other blends.  

(vi) At the load of 5.0 Kg, the petrol shows the highest volumetric efficiency 
compared to all other blends.  

(vii) At the load of 7.5 Kg, the blend of 20-PRM shows the highest volumetric 
efficiency compared to other blends.  

7.     Conclusions 

Vegetable oils are liquid fuels from renewable sources; they do not over-burden the 
environment with emissions. Vegetable oils have potential for making marginal land 
productive by their property of nitrogen fixation in the soil. Their production requires 
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lesser energy input in production. They have higher energy content than other energy 
crops like alcohol. Vegetable oil combustion has cleaner emission spectra and simpler 
processing technology. But these are not economically feasible yet and need further R&D 
work for development of on farm processing technology.  
     In this paper, an attempt is made to study and compare the mechanical and volumetric 
efficiencies of bio-fuels, prepared from the blending of soya-bean and mustard oils with 
petrol. It is found that the out of the two soya-bean oil blends, 15-PRS shows the higher 
mechanical efficiency compared to 20-PRS at the engine loads of 2.5 Kg, 5 Kg and 7.5 
Kg, while out of the two mustard oil blends, 20-PRM shows the higher mechanical 
efficiency compared to 15-PRM at the engine loads of 2.5 Kg, 5 Kg and 7.5 Kg. 
Similarly, out of the two mustard oil blends, 15-PRM shows the higher volumetric 
efficiency compared to 20-PRM at the engine loads of 2.5 Kg and 5.0 Kg. 
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Appendix A 

Table 1A Summary of Researchers’ Contributions  

Ref. 
No.  

Researcher’s Name and 
Year 

Contribution 

[1]. Ale  (2003) Presented that, every engine is designed for a particular fuel and any 
change in fuel composition may affect the engine performance. Kerosene 
has been blended with petrol and diesel separately. 

[2]. Kim et al. (2004) Worked on the production of bio-diesel using the heterogeneous catalyst 
and prepared the biodiesel using transesterification process and the basic 
strength of Na/NaOH/y-Al2O3 catalyst was estimated.  

[3]. Yadav et al. (2005) Studied the effect of blending kerosene with petrol and diesel. Five fuel-
adulterant mixtures in different proportions by volume were prepared and 
individually tested for density and kinematic viscosity.  

[4]. Meher et al. (2006) Worked on the production of biodiesel using technical aspects so as to get 
the best combination of the reactants used for the production.  

[5]. Barnard et al. (2007) Studied the continuous flow preparation of biodiesel using commercially 
available scientific microwave apparatus and presented that microwave 
heating for the production of biodiesel.  

[6]. Rajesh et al. (2008) Worked on both experimental and numerical aspect on the combustion of 
Jatropha bio-diesel and analyzed the quasi-steady combustion of spherical 
particles fed with Jatropha bio-diesel in a mixed convective air 
environment.  

[7]. Fang et al. (2009) Investigated the combustion processes using different fuels including 
European low sulphur diesel and biodiesel fuels with advanced multiple 
injection strategies. 

[8]. Kannan and Marappan 
(2010) 

Presented that diesel engine emission like nitrogen oxide (NOx) and soot 
particles are detrimental to human health and to the environment as a 
whole.  
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[9]. Obodeh and Akhere 
(2010) 

Studied the performance characteristics of the gasoline engine using 
kerosene-doped gasoline fuel and the experiment showed increase in 
specific fuel consumption (SFC) for all load conditions ranging from 34 - 
36%. 

[10]. Osueke and Ofondu 
(2011) 

Studied the emission of carbon monoxide and particulate matters from 
engines when they run on adultered fuels. They also discussed the effect of 
adulteration of petrol to kerosene and diesel to kerosene. 

[11]. Park et al.(2012) Investigated the emission reduction characteristics of bio-ethanol blended 
diesel fuel at early injection condition including spray, atomization and 
evaporation characteristics..  

[12]. Prajapati and Singh 
(2013) 

Experimented and found the break thermal efficiencies for various blends 
of soya and mustered oils with petrol at different engine loads in 
computerized variable compression ratio multi-fuel (CVCRM) engine test 
rig 

[13]. Dai et al. (2013) Discussed exhaust and evaporative emissions, including regulated and 
unregulated pollutants emitted from a passenger car fueled with gasoline 
and M15 fuel (M15 means the fuel was consisted with 85% gasoline and 
15% methanol by volume).  

[14]. Khabbaz and Mobasheri 
(2014) 

Investigated the effects of tri-aromatic utilization on combustion, 
performance and exhaust characteristics of a direct injection (DI) diesel 
engine.  

[15]. Wang and Huang (2014) Proposed a web-based reporting system is developed in this study to serve 
the purpose of establishing facility-based greenhouse gas (GHG) baseline 
emission levels (BEL). 

[16]. Ganesan V. (2012) Provides formulae to compute the mechanical and volumetric efficiencies. 

 


