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 The experimental investigations of combustion, performance and emission 
characteristics of Radish biodiesel and its blends with pure diesel on a 4 stroke 

tangentially vertical single cylinder (TV 1) direct injection diesel engine is carried out 

under steady state condition. Standard nozzle opening pressure of 220bar and static 
injection timing of 23° bTDC is maintained throughout the experiment at full load 

condition of the engine. The thermo-physical properties of all the fuel blends have 

been evaluated and presented. The engine cylinder head, valves and piston crown are 
coated with 450µm of Al-20% SiC by the plasma spray method. From the test results, 

it could be observed that 7.2% of brake thermal efficiency and 5.9 % of NOx are 

increased and in coated engine significant improvements in exhaust emissions of HC, 
CO and Smoke density for B25 blends as compared to standard engine. 
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INTRODUCTION 

 

Researchers of internal combustion engine group 

have always focused towards engine performance 

enhancement and emission control. Diesel engine 

which is used in various sectors like transportation, 

railways and agriculture has high thermal efficiency 

durability and reliability of usage. In the forthcoming 

decades the eco-friendly and vital biofuels will serve 

as an alternate for conventional petroleum fuel which 

will be under hectic shortage (Puhan et al., 2005). 

Biodiesel is better than that of diesel based on some 

of its physical properties like sulfur content, flash 

point, aerometric content and biodegradability (Syed 

Amear et al., 2009). However, very high viscosity 

and low volatility of the vegetable oils causes poor 

atomization, incomplete combustion and fouling due 

to carbon deposition, such obstacles are removed by 

preparing biodiesel from vegetable oil using 

transesterification process (Ramadhas et al., 2004). 

Even in diesel engines more than 60% of heat 

energy is wasted through exhaust gas and coolants. 

Thermal efficiency could be increased by reducing 

heat rejection to the coolant. In this effort, the 

combustion chamber walls are insulated by ceramic 

coatings (Jaichandar and Tamilporai, 2004). The 

optimum coating thickness for the better thermal 

efficiency will be the range of 0.25µm-0.5µm (Wong  

1995). Test was conducted on a supercharged DI 

diesel engine with PSZ coating thickness of 0.5µm-

1µm, in their study insulating the piston crown with a 

thin (0.5µm) coated engine gives better engine 

performance and reduced emissions (Assanis 1991). 

Biodiesel can be used as more efficient fuel in the 

low heat rejection engines, because of the high 

temperature of the thermal barrier coated combustion 

chamber. Corn oil biodiesel was utilized by as a fuel 

in a coated engine, and found that decrease in CO, 

NOx and SFC along with an increase in exhaust gas 

temperature compared to standard engine (Hanbey 

Hazar and Ugur Ozturk 2010). The performance 

parameter enhancement of turbocharged diesel 

engine coated with YSZ using sunflower oil methyl 

ester was investigated (Can Hasimoglu et al., 2008). 

The literature review depicts that much work has not 

been focused on radish oil as biodiesel. 

The main focus of the present investigation is to 

produce biodiesel from radish oil as fuel.  Also to 

evaluate the performance and emission 

characteristics of radish biodiesel blends with diesel 

(B25) in a standard and coated single cylinder diesel 

engine and to compare the result with diesel. 

 

MATERIALS AND METHODS 

 

2.1Production of Radish biodiesel: 
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From the radish seed, oil is extracted by means 

of mechanical extraction and Biodiesel is produced. 

It can be produced by transesterification process. It is 

a method which is used to produce biodiesel from 

radish oil using methanol as reagent and KOH as 

catalyst. 20% of methanol mixed with 1.54% of 

KOH by volume is prepared as base solvent. This has 

been mixed thoroughly and added to 1000ml of raw 

radish oil with 60°C and stirring rate of 35rpm for 15 

to 20 minutes for separating the residues of the 

biodiesel. Final solution can be separated from the 

glycerol by separating funnel. This final solution 

may be having some soap content. This may be 

removed by using the bubble washing by adding 

50% of water with final solution which is derived 

from base reaction process. This solution may be 

heated up to 100°C for removing water content 

which is available in the solution. The biodiesel 

(mixture of alkyl ester) is the end product of the 

process. After washing of the biodiesel the excess 

methanol, if any, is evaporated by heating it to about 

70°C (boiling point of the methanol) for few minute. 

This process is called as De-methanolisation.   

 

2.2 Atmospheric Plasma Spraying machine (APS): 

The coating can be done in three phases. In the 

first phase, the engine component like piston crown, 

valves and cylinder head were grit-blasted for 

creating the roughness for the bonding purpose. The 

grit-blasted surfaces were ultrasonically cleaned 

using anhydrous ethylene alcohol and dried in cold 

air prior to coating deposition. In the second phase, 

the NiCrAl bond coats about 100microns in thickness 

were air plasma sprayed on to the components for 

effective bonding. The bond coat particle size 

ranging from 35 to 65 microns. In the third phase the 

Al 20%SiC as ceramic composites for coating 

material in diesel engine were deposited over the 

bond coat of 450microns thickness by atmosphere 

plasma spray coating (APS) technique.  

 

2.3 Experimental Procedure: 

Experiments have been conducted on a 4 stroke, 

Kirloskar, TV 1 direct injection diesel engine 

developing power output of 5.2 kW at a constant 

speed of 1500 rpm connected with water cooled eddy 

current dynamometer. The schematic of the engine 

setup is shown in Figure 3. Specifications of the 

engine are presented in Table I. The standard static 

injection timing of 23 bTDC and nozzle opening 

pressure of 220bar are used for the entire 

experiments at different brake power of the engine. 

AVL 444 digital di-gas analyzer is used for the 

measurement of exhaust emissions of HC, CO, and 

NOx. Smoke level is measured using standard AVL 

437 smoke meter. All the experimental readings were 

taken at different brake power for Al20%SiC- coated 

and standard engine fuelled with pure diesel and B25 

(25% of radish oil methyl ester + 75% of pure diesel) 

and steady state conditions of the engine.

 
Table I: Specification Details of The Engine 

Make Kirloskar TV  I 

Type Single Vertical cylinder DI diesel engine, 

Bore x Stroke 87.5 mm x110 mm 

Compression ratio 17.5:1 

Rated brake power 5.2 kW 

Speed 1500 rpm 

Static Injection Timing 23 bTDC (rated) 

Nozzle Opening Pressure 220 bar (rated) 

Coating Material  Al- 20% SiC 

 

 
Fig. 1: Schematic diagram of the engine setup 
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2.4 Properties of Radish biodiesel and its Diesel 

blends: 

Using standard test facilities, the thermo-

physical properties of Radish Oil Methyl Ester 

(ROME) and its blend with pure diesel have been 

evaluated. Table 2 reports the values of pure diesel 

(B0) and a blend of 25% radish seed biodiesel with 

pure diesel by volume (B25). From Table II, it is 

clear that specific gravity, acidity, kinematic 

viscosity, flash point, fire point and cloud point 

increases as the methyl ester content in the biodiesel-

diesel blends increases. Especially, the significant 

increase in the fire point shows that the volatility of 

the mixture having increased bio diesel content will 

decrease. It is also observed that the flash point and 

fire point of bio diesel blend in various volumetric 

proportions increase. Therefore the blends of fuel are 

very easy to store and safe for transportation as 

compared with B0 (pure diesel). The gross calorific 

value decreases as the bio diesel in the mixture 

increases. This is due to the oxygen content in the 

fuel and it requires more fuel to be burnt for a given 

heat release. 

 
Table II: Properties of Radish Biodiesel and its Diesel Blend 

S. No. Name of the properties ASTM Code B0 B25 

1 Kinematic viscosity at 40ºC in cSt D2217 2.6 3.49 

2 Gross calorific value in kJ/kg D4809 45596 44013 

3 Flash Point in ºC - 65 76 

4 Fire Point in ºC - 70 81 

5 Cloud Point in ºC - -15 3 

6 Specific gravity D445 0.82 0.841 

7 Acidity - 0.065 0.041 

8 Cetane number - 46 51.8 

 

RESULTS AND DISCUSION 

 

3.1 Brake thermal efficiency: 

Thermal efficiency of the engine with Diesel and 

B25 as test fuel at varying brake power for both 

coated and standard engine is shown in figure 2 from 

the experimental results it was observed that there 

was significant increases in brake thermal efficiency 

with increase in brake power. When compared to SE, 

CE shows a increasing trends in BTE when diesel is 

used as fuel. The coated engine with B25 gives better 

brake thermal efficiency as compared to standard 

diesel engine at varying brake power. The thermal 

resistance on the wall will not allow the heat energy 

to the coolant. This could be the reason for 

increasing in brake thermal efficiency at higher load. 

Similar findings observed by other researchers 

(Mohamedmusthafa et al., 2012) while operated the 

diesel engine with Al2O3coated material and 

pongamia methyl ester and its blends with diesel as 

fuel.

   

 

 
 

Fig. 2: Brake thermal efficiency Vs Brake power 

 

3.2 Specific fuel consumption: 

Figure 3 shows variation of specific fuel 

consumption with respect to brake power for Al 

20%SiC- coated (CE) and standard engine (SE) for 

diesel and B25. From the graph, it could be seen that, 

there is a decreasing trend observed with respect to 

increasing of brake power. When compared to SE, 

CE shows a decreasing trends in SFC when diesel is 

used as fuel. The difference in SFC varies from 1.6% 

to 3.42%. SFC in B25 operation is higher when 

comparing to that of diesel for both SE and CE this is 

due to lower calorific value and higher viscosity of 

biodiesel (Vijaya Kumar and Sundareswaran, 

2010).The coated engine with B25 gives better 

specific fuel consumption as compared to standard 

diesel engine. The effect of increased in-cylinder 

temperatures due to heat insulation results in the 

decrease in the specific fuel consumption in coated 

diesel engine. Similar findings were reported by 

other researchers (Hanbey Hazar and Ugur Ozturk, 
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2010) while the engine is tested with Al2O3-TiO2 coating with corn bio diesel as fuel. 

 

 
Fig. 3: Specific fuel consumption Vs Brake power 

 

3.3 Hydrocarbon: 

Figure 4 shows variation of hydrocarbon with 

respect to different brake power for coated and 

standard engine for diesel and B25.The percentage 

reduction differences in hydrocarbon of coated 

engine for B0 and B25 are 8.9% to 37% and 10% to 

40% respectively as compared to standard diesel 

engine at different brake power. From these findings, 

it could be seen that the B25 gives low amount of 

hydrocarbon. This may be due to higher cetane 

number of B25. This could be seen from table II. 

Conventional engine gives higher in hydrocarbon as 

compared to coated engine. This may be due to 

higher temperatures, engine will have sufficient 

amount of oxygen, which mixes with hydrocarbon 

emissions. Finally, HC will split into H and C, which 

mixes with O2, thereby reducing HC emissions. 

Similar findings found by other researchers (Devan 

and Mahalakshmi, 2009) while the diesel engine 

operated with coated engine using ethanol as fuel. 

 

 
Fig. 4: Hydrocarbon Vs Brake power 

 

3.4. Smoke Density: 

Figure 5 shows variation of smoke density with 

respect to brake power for coated and standard 

engine at different brake power for B25 to B0. 

Higher smoke density value of 77.7 at full load was 

obtained for B25. This can be attributed to poor 

mixture formation due to high viscosity short ignition 

delay and poor volatility of B25 in SE  (Karthikeyan 

and Srithar, 2011) Low heat rejection engines would 

produce less smoke and particulates than standard 

engine for reason such as higher temperature gas and 

higher temperature combustion chamber wall. 

Investigation of (Alkidas, 1988) has shows reduced 

level of smoke from LHR engine. 

 

3.5 Carbon monoxide: 

Carbon monoxide emission depends on many 

parameters such as air/fuel ratio and the engine 

temperature. CO is formed by the incomplete 

combustion of fuel. The variation of CO emission 

with different brake power in SE and CE is shown in 

Fig.6. Compared to diesel, biodiesel emits lower CO 

emission in both the SE and CE. This may be due to 

fact that the oxygen amount in the biodiesel is higher 

than that of diesel (Can Hasimoglu et al.2008).  

Coated engine gave decreasing trend in CO emission 

when compared to that of standard engine for all test 

fuel at different brake load. Thus the results clearly 

indicated that the ceramics coating decreasing CO 

emission and radish oil methyl ester and diesel blend 

(B25) cause significantly lower CO emission 

compared with the diesel reference fuel in both 

standard and coated engine. 
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Fig. 5: Smoke density Vs Brake power 

 

  

 
Fig. 6: CO Vs Brake power 

 

3.6 Oxides of Nitrogen: 

Figure 7 shows variation of oxides of nitrogen 

with respect to brake power for coated and standard 

engine at different brake power for B25 and pure 

diesel. NOx comes mostly from the nitrogen present 

in air coming in to the engine, is generated due to 

high combustion temperature. NOx emissions for 

ROME operation is less compared to diesel at 

variations of brake power compared to standard 

engine as well as coated engine. From figure 7 it is 

observed that NOx emission increases with increase 

in brake power, NOx emissions are sensitive to 

oxygen content, adiabatic flame temperature and 

spray characteristics. The spray properties depend on 

droplet size, droplet momentum and degree of 

mixing with air and penetration rate, evaporation rate 

and radiant heat transfer rate. The change in any of 

those properties may change the NOx production. 

From these results for ROME, NOx emission is lower 

than diesel. 

 

 

 
Fig. 7: NOx Vs Brake power 

 

Conclusions: 

This study was focused on the combined effects 

of Al 20%SiC-coating and Radish biodiesel. Bio-

diesel mixture of diesel B25 and diesel fuel were 

used in both coated and standard engines.  By the 

application of the thermal barrier coating, the engine 
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efficiency, SFC and emissions of CO, Smoke 

density, HC and NOx, were reduced. Both the 

standard engine operated in diesel and coated engine 

operated in B25 as fuel emit almost equal amount of 

NOx. At different brake power, the percentage 

differences in NOx emission varies from 5.9% to 

0.22%. From the above experimental results, it is 

inferred that, B25 with PSZ-coated mode has better 

performance and emission characteristics. 
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