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ABSTRACT 
An experimental investigation to analyze the performance and emission characteristics of cardanol ethyl 

ester (CEE) and its blends with base fuel on a single cylinder water cooled four stroke diesel engine is presented. 

Engine performance and emission data were used to optimize the blends. Result shows improved level of 

performance with blends at high load. B25 (75% Diesel with 25% CEE by volume) blend recorded a higher level of 

brake thermal efficiency of 30.71% against 29.13% for the neat diesel at high load without significant changes in 

smoke density and NOx emissions. The HC emission for CEE blends at partial loading condition is arrived to be 

higher than that of base line diesel fuel however it is comparable in peak load.  
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1. INTRODUCTION 

Stringent vehicle emission norms, increasing prices and depleting nature of petroleum fuel necessitate 

the search for a viable alternative fuel, which should be more environment friendly. Oxygenated fuels have a 

track record of reducing emissions from motor vehicles. In high polluting gasoline automobiles ethanol is the 

proven alternate fuel but for CI engine it needs lot of research. Diesel fuels plays an important role in the 

economy of any country. India's demand for diesel fuels is comparatively higher than gasoline fuels, hence the 

need for finding an alternate fuel is recognized. The success of oxygenated gasoline has sparked interest in the 

use of oxygenated compounds asemissions reducing additives in diesel fuel. The use of alcohols as diesel fuel 

additives or alternatives to diesel fuel with different techniques like emulsification, fumigation, and ignition 

improvers and shows that exhaust emissions changes varied depends upon the technique used. Poor miscibility, 

and cetane number limited the application of alchol in diesel engines (Ecklund, 1984). 1-4 dioxine is used as 

an additive to stablize ethnol diesel mixure and proved that engine modification with thermal barrier coating 

on the CI engine gives better performance and lower emissions for ethanol-diesel blends (Sundar Raj, 2010). 

Vegetable oils have energy density and cetane number as comparable that of mineral diesel can be the 

other alternate source for diesel fuel. Rudolph Diesel demonstrated the application of peanut oil for diesel 

engine during the late 1800 itself but it had least importance on those days due to the abundant supply and low 

fuel prices of petroleum fuels. Now, methyl/ethyl esters of animal and vegetable oils (biodiesel) are again being 

re-evaluated for use as a fuel for diesel engines due to their clean burning tendencies, environmental benefits, 

and energy security reasons. India has a well-established collection and marketing network for non-edible oils 

and many researches are focused on non-edible oils which are not suitable for human consumption because of 

the toxic components presents in the oil. The experiment was conducted with various blends of methyl ester of 

mango seed oil with diesel in a diesel engine and reported that optimized blend is B25 and could be used as a 

alternative fuel in a single cylinder diesel engine without any modifications (Vijayaraj, 2016). The increase in 

brake thermal efficiency and lower in specific fuel consumption was observed in a diesel engine fueled with 

Calophyllum Inophyllum (punnai) biodiesel and additives (Avinash, 2012). The pure Mahua oil methyl ester 

gives the lesser emission as compared with neat diesel in a DI diesel engine (Saravanan, 2010). Cardone (2003), 

tested Brassica carinata oil-derived biodiesel in turbocharged direct injection automotive diesel engine with 

inter cooling and exhaust gas recycling system and reported increased fuel consumption, reduction in carbon 

monoxide and smoke emissions with increasing of NOx emission compared to diesel fuel (Cardone, 2003). 

Thevetia peruviana seed oil in methyl ester form lowered emission of CO, HC with NOx increasing as 

compared to the diesel (Balusamy, 2008). The maximum cylinder pressure of soyabean biodiesel is almost equal 

to that of diesel and peak heat release rate during premixed combustion are lower for bio diesel (Qi, 2009). 

Extensive experimental data on the effect of biodiesels of different origin on diesel engine performance and 

emissions are available in literature. Most of the research papers have reported upto 10% increasing in NOx 

emissions from diesel engines fuelled with biodiesel. This fact imposes limitation on wide use of biodiesel; 

therefore impact of biofuel on NOx emission is the main concern of research in this area. Cardanol is one of 

the major constituent in the cashew nut shell liquid (CNSL), separated by pyrolysis process have the potential 

to alternate diesel fuel due to many of its favorable properties. Limited data were published on testing cardanol 

biodiesel in diesel engines. The purpose of this study is to investigate the effect of CEE and its blends with a 

base diesel fuel on the performance level, emissions level and combustion on a single cylinder diesel engine. 
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2. MATERIALS AND METHODS 

Fuel Preparation: Cardanol oil was purchased from local mill. Biodiesel was made from cardanol oil by alkali-

catalyzed transesterification with ethanol. Cardanol oil sample was transesterified with unhydrous ethyl alcohol 99% 

grade laboratory reagent type and sodium hydroxide as catalyst. About 4 grams of catalyst was dissolved in 200 ml 

ethanol to prepare alkoxide. This alcohol catalyst mixture was then transferred to the bio diesel reactor containing 

700 ml of cardanol oil. Stirring of the cardanol and alkoxide was continued for 90 minutes at a temperature between 

60 to 650C. The round bottom flask was connected to a refractor condenser and the mixture was heated for 3 hours 

to get the CEE. The CEE and its blends with the base fuel were analyzed for fuel properties as per the ASTM standard 

test methods and subsequently used for engine test.The fuel properties of Cardanol ester and diesel is presented in 

table.1.  

Table1. Properties of the test fuels 

Fuel properties Diesel B25 B50 B75 B100 

Specificgravity@ 300 C 0.835 0.845 0.865 0.885 0.897 

Density@300 C 0.85 0.844 0.864 0.884 0.897 

Flash Point (0C) 80 70 52 50 48 

Kinematic viscosity @ 40OC in cSt 2.8 3.40 4.57 7.16 10.94 

Fire Point (0C) 88 80 62 60 58 

Calorific value (KJ/Kg)  42000 41876 39465 39222 38192 

Parameter tested and experimental procedure: Experiments were conducted on a single- cylinder, water-cooled, 

DI Diesel engine developing a power output of 5.2 kW at 1500 rpm connected with a water cooled, eddy current 

dynamometer. The engine was operated at a constant speed of 1500 rpm and standard injection pressure of 216 bar. 

The specification of the engine is given in table 2. 

Table.2. Engine specification 

Type Vertical, water cooled, four stroke 

Number of cylinder One 

Bore 87.5 mm 

Stroke 110 mm 

Compression ratio 17.5:1 

Maximum power 5.2 kW 

Speed 1500 rpm 

Dynamometer Eddy current 

Injection timing  23 bTDC 

Injection pressure 216 bar, direct injection 

The flow rate of the fuel was measured on volume basis using a burette and a stop watch. AVL437C smoke 

meter was used to measure the smoke density. The HC and NOx emissions in terms of ppm are measured using a 

non-dispersive infrared (NDIR-AVL-444 digas) analyzer. The cylinder pressure and heat release rate (HRR) are 

measured using AVL combustion analyzer with 619 Indi meter hardware and indwin software version 2.2. The 

schematic experimental set-up is shown in figure.1.  

 
Figure.1. Experimental set-up 

1.Kirloskar AV1, 2. Eddy current dynamometer, 3. Fuel pump, 4. Fuel pump, 5. Fuel filter, 6. Fuel tank, 7. Weighing 

balance, 8. Air stabilizing tank, 9. AVL di-gas analyser, 10. AVL smoke meter, 11. Exhaust silencer. 

The engine was initially tested with basefuel to generate the base data, subsequently four fuel blends ranging 

from 25 to 100% of cardanol ethyl ester by volume were prepared and tested. Readings were taken, when the engine 

was operated constantly at a speed of 1500 rpm for all loads. Parameter like speed of the engine, fuel flow and the 

emissions like NOx and smoke were recorded. The engine performance was analyzed in terms of the brake thermal 

efficiency (BTE), brake power (BP), and BSFC. The combustion characteristics like cylinder pressure and HRR 

were noted for different blends. 
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3. RESULTS AND DISCUSSIONS 

The performance of a diesel engine with fuels having different heat values and density can be compared with 

brake specific fuel consumption (BSFC). Figure.2, shows the BSFC for the neat diesel fuel and the various 

percentages of the cardanol in its blends with diesel fuel at different loading conditions. The lower heat value of the 

cardanol makes heat value of the mixture to decrease and hence the BSFC to increase for higher blends. Higher 

viscosity and poor volatility of CEE results in poor atomization and increased the BSFC to maintain the power output. 

Subramanian, also found similar result for some methyl esters. Among the blends B25 shows minimum BSFC than 

the others. They observed the same result for Jatropha methyl ester (Jaichandar, 2016) . 

  
Figure.2. Variation of BSFC with BP Figure.3. Variation of BTE with BP 

Figure.3, depicts the variation of brake thermal efficiency (BTE) at different loading conditions for diesel 

and Cardanol biofuel volumetric blends. The brake thermal efficiency of all blends of cardanol ethyl ester is less 

than that of neat diesel at partial loads due to poor mixture formation as a result to low volatility, higher viscosity 

and higher density. The presence of oxygen in the fuel and the increased cylinder temperature increases the 

combustion, especially diffusion combustion and hence improvement in BTE was observed at peak load 

conditions. B25 blend have the maximum efficiency at peak load compared to other blends since the calorific 

value of mixture decreases with increase in cardanol ratio. 

The smoke density variation for different blends is depicted in Figure.4. Smoke density for CEE blends 

is noticed to be higher than the diesel oil. This is due to the heavier molecular structure, poor atomization, 

presence of high carbon residue in the CEE. The viscosity of blends is comparatively lower than B100 oil 

tested. Due to this, the spray pattern and fuel penetration are improved and hence, the smoke density of blends 

is are lesser than that of B100 and B25 records almost the same value of neat diesel at all loading conditions. 

The same result also observed for Cashew Nut Shell Liquid (CNSL)-Diesel Blends (Velmurugan, 2016). 

  
Figure.4. Variation of smoke density with BP Figure.5. Variation of HC with BP 

The HC emission at various loading conditions is shown in figure.5. The HC emission for CEE blends 

at partial loading condition is found to be higher than that of neat diesel due to the quenching of the flame on 

combustion chamber walls. At peak loading condition the HC emission of all blends with diesel are almost 

similar to the neat diesel. This may be due to the increased combustion pressure and temperature. 

The variation of NOx emission at different load is shown in Fig.6. With biodiesel, depends on its 

ignition quality and premixed-burn fraction either increase or decrease in NOx emission can be observed. 

Earlier start of combustion of biodiesel increased in-cylinder temperature and the rate of NOx formation may 

increase, on the other hand low volatility, higher viscosity and higher density will decrease the fuel atomization 

and combustion and the net result was slightly higher NOx emissions when engine was running with biodiesel. 

 
Figure.6. Variation of NOx with BP 
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Figures.7 and 8, depict the variation of cylinder pressure and heat release rate respectively for various blends 

of CEE at peak load and at standard injection timings (23° BTDC).  

  
Figure 7. Cylinder pressure variation with Figure 8. Variaton of HRR with crank

 crankangle at peak loadat peak load 

Cylinder pressure and heat release rate depends on the fraction of fuel burned during the premixed burning 

phase. The cylinder pressures for CEE and its diesel blends were recorded to be higher compared to diesel at all 

crank angles. This is due to earlier ignition of CEE and its diesel blends due to higher oxygen content, which resulted 

in earlier start of combustion and hence higher pressure values compared to diesel. Results also shows that the 

maximum rate of heat release for CEE blends are higher compared to conventional diesel. Since fuel vaporization 

starts at the period of ignition delay, a negative heat release rate (HRR) is observed at the beginning, before the start 

of combustion, and then the heat release rate becomes positive. The same result was also observed for Palm Methyl 

Ester (MohdHafizil, 2012). 

4. CONCLUSIONS 

The influence of CEE and its volumetric blends with diesel on the performance, emission and combustion 

characteristics of a single cylinder four-stroke DI diesel engine have been investigated, and compared with the 

baseline fuel. The major conclusions arrived based on the test results are; 

 Cardanol oil can be effectively used as a source for the production of biodiesel 

 Negative effect of biodiesel properties on brake efficiency can be mitigated without engine modification by 

biodiesel reformulation and blending the same with diesel 

 Among the blends B25 is found to be optimum with respect to performance and emission. 
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