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Abstract- Now a  days demand for fossil fuel is highly increasing due to technological progress and high economic growth. 
But these fossil fuels are non-renewable energy sources which cannot be reproduced and it will be deleted one day. Among 
these fossil fuels, petroleum products are being used vastly than natural gas and coal, so it will be depleted faster than natural 
gas and coal. Vegetable oils have properties closer to diesel oils so it can be used as an alternative for diesel oil. But due to 
the high viscosity of these oils it cannot be used directly in a diesel engine. In this research the performance on Variable 
Compression Ratio (VCR) single cylinder diesel engine, studies of important performance parameters of the engine such as 
BrakeThermalEfficiencyandSpecificfuelconsumption and emission characteristics of the engine were carried out. 
Investigations have been carried out for studyingthefuelpropertiesof esterified Cottonseed, Maize oilanditsblendswithdiesel 
from10to100 %byvolume. Variouspropertiesofthe  cottonseed and Maize oil methylesteranditsblendsare 
evaluatedusingASTMstandardsandcompared with thatofconventional diesel 
fuel.Enginetestswerecarriedoutwiththeaimofobtainingcomparative measuresoftorque,brakepower,specificfuelconsumption, 
brakethermalefficiency,emissionsandcomputethe performanceofthedieselengine runningonCottonseed andmaize 
oilanditsblendswithdiesel.After experimentation it is concluded that, volumetric efficiency, brake thermal efficiency of 
cottonseed and maize oil as compared to diesel is same at a higher compression ratio, but vary when the compression ratio 
decreases. Also at lower compression ratio maize oil blend creates more noise than diesel. Fuel consumption when it is 
diesel is less as compared to cottonseed oil and maize oil because of variation in fuel viscosity. As the load increases, 
Nitrogen Oxide emission of engine increases, whereas hydrocarbon emission of engine decreases. 
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I. INTRODUCTION 
 
Now a days excessive use of fossil fuels is resulting 
in rapid depletion of fossil fuel sources and 
environmental issues associated with combustion of 
these fossil fuels. Soit 
isverymuchessentialtofindoutthe an alternatives for 
nonrenewable fuels. 
Biodieselisoneofthebestalternative for diesel 
oilasitisrenewable, biodegradable, non-toxic and 
easily available. Thefieldofcommercial,  
transportation,  agriculturalmachinery and other 
heavy machines depends on diesel engine becauseof 
itsgoodfuelefficiency. But the vegetableoilsfrom 
cropssuchassoybean,sunflower,coconut,Karanja,neem
,cotton,mustard,  Jatropha ,linseedcan be used as 
fuelsforcompressionignitionengines instead of diesel. 
[1] Mohan T Raj has proposed Tamanu oil-an 
alternative fuel for a variable compression ratio 
engine. It was  reported that brake thermal efficiency 
of the VCR engine slightly increases at higher loads 
compared with standard engines. The delay period is 
consistently low when load increases.[2] Saikishan 
Suryanarayanan, et.al have investigated the 
Performance and emission characteristics of methyl 
ester of Sunflower oil, Palm oil, Pungam oil, Rice 

bran oil and waste cooking oil with those of diesel. 
They recorded that, Sunflower oil has highest BTE 
across the range of loads while Palm oil (PAME) has 
the lowest specific fuel consumption among the 
biodiesel. Nitrogen Oxide emission is highest for 
SUME. [3]M. Lens Jesu Martin have experimentally 
evaluated that the Performance and Emission 
characteristics of CI engine filled with Esterified 
Cottonseed oil. It was concluded that, diesel engine 
performed satisfactorily with the ethyl ester without 
any engine modification. Volumetric efficiency 
improved by reduction of exhaust gas temperature. 
The brake thermal efficiency of the engine improved 
from 28 % for Cottonseed oil to 30.4%. [4] D. F. Run 
et.al Al have studied that, the Comparison of 
Performance and combustion characteristics of diesel 
fuel and vegetable oils in diesel engine. It was found 
that, the vegetable oils have longer ignition delays 
due to higher viscosity at low temperature.  
 
Also vegetable oils generate a higher noise level 
because of the sharper pressure rise and higher peak 
cylinder pressure. [5] T. Basavraja et.al has 
experimentally performed on the effect of injection 
pressure on Emission Performance of biodiesel and 
its blends. They conclude that the efficiency is low at 
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lower pressure due to poor atomization and mixture 
formation of vegetable oils during injection.[6] 
Y.Yoshimoto either. have studied performance and 
emission characteristics of diesel engine fueled by 
vegetable oils. How utilization method of vegetable 
oil, influence engine performance and Emission. 
They conclude that, emulsified biodiesel fuel reduced 
NOx and smoke emission significantly, although the 
specific energy consumption increased slightly 
depending on the engine type and operating 
conditions.The main focus of this paper is to find out 
the performance and emission characteristics of 
cottonseed and maize oil blends with diesel using a 
variable compression ratio engine. There is only very 
limited works are available and no paper have been 
reported that, using different blends (10%, 20%, 
30%) with different compression ratios (14 to 18) 
using cottonseed and maize oil. First the performance 
parameter such as fuel consumption, brake thermal 
efficiency, mechanical efficiency and volumetric 
efficiency analysis were conducted and then emission 
characteristics such as Hydrocarbon, Nitrogen oxide 
for each blend and at various compression ratios have 
been carried out. 
 
II. EXPERIMENTAL WORK 
 
The experimental test rig consists of single cylinder, 
four stroke VCR (Variable Compression Ratio) 
Diesel engine having power 3.5kw @ 1500 rpm with 
cylinder bore 87.50 mm, stroke length 110mm , 
connecting rod length 234 mm, compression ratio 
range 12 to 18. It is connected to eddy current type 
dynamometer for loading. Specially designed tilting 
cylinder block arrangement is used by which 
compression ratio can be changed without altering the 
combustion chamber geometry and without stopping 
the engine. For combustion pressure and crank-angle 
measurements necessary instruments are provided 
during setup. Also for interfacing airflow, fuel flow, 
temperatures and load measurement provision is 
made during setup.  
 
The setup has a panel box which is consisting of air 
box, manometer, fuel measuring unit, transmitters for 
air and fuel flow measurements, two fuel tanks for 
duel fuel test, process and engine indicator. For 
cooling water and calorimeter water flow 
measurement Rotameters are provided.  This setup is 
useful to study of the performance of VCR engine for 
brake power, indicated power, frictional power, 
BMEP, IMEP, Indicated thermal , Brake thermal , 
Mechanical , volumetric efficiency, specific fuel 
consumption, heat balance and A/F ratio. Analysis 
software package “Engine soft LV” is provided for 
evaluation of online performance of VCR engine. 
 

 
Fig.1.VCR Diesel Engine 

 

 
Fig.2.   Gas Analyser 

 
III. RESULT AND DISCUSSION 
 
Experimental performance is carried out on esterified 
cottonseed and maize oil blends of B10, B20, B30, 
B100with diesel on VCR engine at different 
compression ratios ranging from 14 to 18 at different 
load condition.The graphs of cottonseed and maize 
oil blends of B10 have showed the performance and 
emission parameter with Brake power is as 
below.The performance characteristics of cottonseed 
oil is as shown in Fig.3,4,5,6 and emission 
characteristics is as shown in Fig.7,8 whereas the 
performance characteristics of maize oil is as shown 
in Fig.9,10,11,12 and emission characteristics is as 
shown in Fig.13,14. 
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Cottonseed oil B10 

 
Fig.3. Variation of  Fuel Consumption with BP 

    

 
Fig.4.Variation Of Volumetric Efficiency with BP 

 

 
Fig.5. Variation Of Mechanical Efficiency With BP 

 

 
Fig.6. Variation Of Brake Thermal Efficiency With BP 

 
Fig.7. Variation Of Nitrogen Oxide With BP 

 

 
Fig.8. Variation Of Hydrocarbon With BP 

 
At CR14 fuel consumption is 0.348 kg/kw-hr and at 
CR 18 fuel consumption is 0.323 kg/kw-hr for 
maximum load (12kg). As shown in Fig.3..if BP 
increases there is large variation in results. It has been 
observed thatvolumetric, brake thermal, mechanical 
efficiency increases with BP.But when considering 
compression ratio result indicates that not much 
variation in volumetric and brake thermal efficiency 
but there is slight variation in mechanical efficiency 
which shown for CR14 is 58.31% and CR 18 is 
65.81% at maximum load condition. Nitrogen Oxide 
emission is more for higher compression ratio(CR18) 
than lower compression ratio(CR14) and it increases 
with BP.The reason for higher NOx emission is 
pressure and temperature is comparatively high at 
higher compression ratio.Hydrocarbon emission is 
less for CR18 than CR14 and it decreases with 
BP.Due to the incomplete combustion of fuel at lower 
compression ratio unburned hydrocarbon produces 
more.   
Maize Oil B10 

 
Fig.9. Variation of  Fuel Consumption with BP 
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Fig.10. Variation Of Volumetric Efficiency with BP 

 

 
Fig.11.Variation Of Mechanical Efficiency With BP 

 

 
Fig.12. Variation Of Brake Thermal Efficiency With BP 

 

 
Fig.13. Variation Of  Nitrogen Oxide With BP 

 
Fig.14. Variation Of Hydrocarbon With BP 

 
At lower compression ratiofuel consumption is 0.333 
kg/kw-hr for maximum load. As BP power increases 
compared to cottonseed oil small variation in result of 
maize oil. For maize oil also volumetric, brake 
thermal, mechanical efficiency increases at various 
compression ratio. Nitrogen Oxide and hydrocarbon 
emission is less for maize oil than cottonseed oil. 
Comparison of Performance And Emission 
Characteristics Of Diesel, Cottonseed Oil And Maize 
Oil For (B100). 
The performance and emission characteristics of 
diesel, cottonseed, maize oil with Brake power have 
showed in graphs forbetter comparison. The 
performance characteristics is as shown in 
Fig.15,16,17,18 and emission characteristics  is as 
shown in fig.19,20. 
 

 
Fig.15.Variation Specific Fuel Consumption 

 

 
Fig.16. Variation Of Brake Thermal Efficiency 

 
Brake specific fuel consumption of diesel varies from 
0 to 0.321kg/kwh for the load 0 to 12, whereas brake 
specific fuel consumption of cottonseed and maize oil 
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varies from 0 to 0.353 kg/kwh and 0 to 0.378 kg/kwh 
for the load 0 to 12 respectively. Fig.15 shows that 
the brake specific fuel consumption of diesel is lesser 
as compared to cottonseed and maize oil i.e. fuel 
consumption of cottonseed and maize oil for 
producing 1 kw power has increased.Brake thermal 
efficiency of diesel varies from 0 to 25.5% for the 
load 0 to 12, whereas the Brake thermal efficiency of 
cottonseed and maize oil varies from 0 to 27.77% and 
0 to 26.66% for the load 0 to 12 respectively. Fig.16. 
shows that Brake thermal efficiency of diesel is less 
as compared to cottonseed and maize oil.  
 

 
Fig.17.Variation Of Volumetric Efficiency With BP 

 

 
Fig.18. Variation Of Mechanical Efficiency With BP 

 
Volumetric efficiency of diesel varies from 79.16 to 
83.89% for the load 0 to 12 whereas volumetric 
efficiency of cottonseed and maize oil varies from 
81.05 to 84.76% and 78.29 to 84.24% for the load 0 
to 12 respectively.So Fig.17 shows that volumetric 
efficiency of cottonseed oil is more as compared to 
maize oil and diesel.Mechanical efficiency of diesel 
varies from 0 to 56.81% for the load 0 to 12 kg 
whereas mechanical efficiency of cottonseed and 
maize oil varies from 0 to 56.81% and 0 to 55.29% 
for the load 0 to 12 kg respectively. Fig.18 shows that 
mechanical efficiency of diesel, cottonseed oil and 
maize oil is almost same and varies with load. 

 
Fig.19. Variation Of Nitrogen Oxide With BP    
 

 
Fig.20. Variation Of  Hydrocarbon With BP  
 
Hydrocarbon and nitrogen oxide emission of diesel is 
more than cottonseed oil and maize oil the reason 
behind is vegetable oil properties. 
 
CONCLUSIONS 
 
This study aims to evaluate the suitability of using 
biodiesel as an alternative fuel in Variable 
Compression Ratio (VCR) engine. For a better 
comparison of Diesel, cottonseed, Maize oil B100 
have selected. The tests are carried out on blends of 
esterified Cottonseed oil and Maize oil with diesel on 
various compression ratios ranging from 14 to 18 
which yields following conclusions. 
The Brake thermal efficiency of VCR engine 
increases at higher loads and at higher compression 
ratios. Brake thermal efficiency of cottonseed oil and 
maize oil is higher than diesel. 

1) At a lower compression ratio fuel consumption 
of the engine is more and it increases with 
increase in load.  Fuel consumption of 
cottonseed oil and maize oil is slightly higher 
than diesel.  

2) At a lower compression ratio volumetric 
efficiency is high and it decreases with 
increase in compression ratio. Volumetric 
efficiency of cottonseed oil is more than diesel 
and maize oil. 

3) The specific fuel consumption of the engine 
increases with increases in load. Brake specific 
fuel consumption of maize oil is more than 
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diesel and cottonseed oil. Also at higher 
compression ratio maize oil creates more noise 
than diesel and cottonseed. 

4) The Exhaust gas temperature is same for 
compression ratios and increases with increase 
in load.  

5) Nitrogen Oxide (NO) emission of an engine 
increases with increase in compression ratio 
and for esterified cottonseed and maize oil 
NOx emission is more than diesel. 

6) Hydrocarbon (HC) emission of the engine 
decreases with increase in compression ratio. 
There is not much variation in the emission of 
Hydrocarbon for diesel, Cottonseed oil and 
maize oil. 

 
 

REFERENCES 
 

[1] Mohan T Raj and Murugumohan Kumar, Tamanu oil, “an 
alternative fuel for variable      compression ratio engine”, 
2012. 

[2]  Saikishan Surynarayan, Vijay Manindan, Janakiraman, 
“Performance and Emission characteristics of Diesel 
engines fueled by Vegetable oils”, 2008-01-1581. 

[3] M. Lens Jesu Martin,“Performance and Emission 
characteristics of CI engine fueled by Esterified 
Cottonseed oil”, 2005-26-355. 

[4]  D. F. Run, W. L. Cheng, “Comparison or Performance 
and Combustion characteristics of Diesel fuel and 
Vegetable oils in DI Diesel engines”, 2008-01-1639. 

[5] T, Basavraja and Rana Pratap Reddy, “Effect of Injection 
pressure on Emission Performance of Biodiesel and its 
Blends”, 2005-26-030. 

[6] Y. Yoshimoto, M. Anodera and H. Tamaki, “Performance 
and Emission characteristics of diesel engine fueled by 
vegetable oil”, 2001-01-1807/4227. 

 
 
 
 
 
 
 
 

 

http://iraj.in

