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ABSTRACT 
Researches on alternate fuels have been increasing the attention of researchers due to energy crisis. The fossil fuel sources which 

are used as the primary source of energy at present is not enough to provide the increasing energy demand. In this point of view, 

the present work is aimed to investigate the performance, combustion and emission characteristics of DI CI engine using fish oil 

biodiesel (FOBD) blends as an alternative fuel to diesel. Fish oil is one of the best sources for the alternative fuel. Crude fish oil was 

used as a raw material for biodiesel production. Biodiesel is obtained from the crude fish oil by using transesterification process. 

Experiments were conducted by blending the FOBD with diesel at the different ratio as B10, B20, and B30.The parameters 

combustion, performance and emission were found. These parameters are compared with mineral diesel and found that the brake 

thermal efficiency of B20 is higher among the biodiesel blends and B20 recoded lower emission. 
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INTRODUCTION 
 

Biodiesel is an alternative fuel it can be used for reducing the pollution, reduce the Green House Effect and 
also minimize the ‘carbon Footprint’ of agriculture [1]. As the environmental and economic benefits in the 
production of biodiesel seems to be quickly adopted around the world [2]. It is reported that biodiesel derived 
from soybean, sunflower, palm, coconut oil, rubber seed oil,waste cooking oil [5-9] etc.,have been found 
suitable and feasible for using in the diesel engine. So many researchers carried out their research reveal that the 
biodiesel derived fromnon edible crops such asjatropha, pugamia, mahua ,polango [3,4] etc. were suitable  for 
diesel engine applications. 

Biodiesel fuels are considered as best alternative for diesel fuel as it is renewable, eco-friendly, non-toxic 
and basically free of sulphur [4]. Marine sources such as fish oil, Algae oil is also utilised to produce 
biodiesel.The oil is produced by using the discarded parts of mixed marine fish species as the raw 
material[5].Salmon oil, a by-product of salmonfish processing, as a feedstock for biodiesel production via 
transesterification a two-step process. A two-process consisted of firstly pro-treated with an acid-catalysed 
reaction for reducing the acid value and then followed by transesterification using KOH as the catalysts for 
yielding biodiesel are studied [8]. 

Biodiesel either used as neat or blendscan reduce carbon monoxide (CO) emissions, hydrocarbons (HC), 
particulate matter (PM), and increase nitrogen oxides (NOx) emissions compared with diesel fuel used in a 



343            Vinothkumar, et al., 2016/ Advances in Natural and Applied Sciences. 10(7) Special 2016, Pages: 342-348 

 

without modified diesel engine [4].Fish oil biodiesel with an additive1, 4dioxane blends are taken in thermal 
barrier ceramics (TBC) coated DI diesel engine. Thus, the results shows considerable reduction in the NOx 
emission for using piston coated engine[27]. 

ThePerformance with fish oil biodiesel and its blendswith diesel in proportion of 20:80, 40:40, 60:40 
and100% by volume on single cylinder water cooledfour stroke diesel engines and reported that breakthermal 
efficiency of B60 blend and B100 was closeto break thermal efficiency of diesel at all loads was studied 
[11].Previous results have shown fish oil methyl esters to be a suitable replacement for the diesel fuel.  

The purpose of this study is to examine the effects of FOBD blended with diesel fuel(B10, B20, B30) on 
constant speed single cylinder DI diesel engine.  
 
II.   Material And Experimental Methods: 

Fish oil was purchased from a manufacturerin Tuticorin. An analytical grade chemicals methanol, KOH 
was used for transesterification. A reaction of transesterification process is conducted in a magnetic stirrer and 
separation funnel. 

 
A. Preparation of Fish Oil: 

Fish waste in the form of a fish head,fins, gills, heart and stomach of fish were collected and washed. Water 
is added to the fishwaste as a solvent and it is boiled. Oil layer that formed on the upper stew of fish waste.The 
mixture of oil and solvent werecollected in a separation funnel and allowed to settle down. The oil was collected 
which is usedas raw material for biodiesel production. 

 
B. Preparation of biodiesel from crude fish oil (Transesterification): 

A transesterification is a process of formation of methyl esters. The transesterification process can reduce 
the viscosity and weight of the crude fish oil and increase the cetane number [10]. Several technologies are 
available to produce biodiesel, such as transesterification, amidation with dimethylamine, catalysing pyrolysis, 
and transesterification in supercritical methanol. Of these techniques, transesterification is the most widely 
applied in industrial biodiesel production. Three types of catalysts can be used in the transesterification process: 
a strong alkali, strong acid or enzyme [6].  

The required quantity is 500 ml raw waste fish oil along with appropriate quantity of methanol based on the 
molar ration and the catalyst KOH is taken in a glass flask. The mixture stirred and heated at constant 
temperature of 60°c for 2 hours in a reactor 

After completion of the reaction the product is allowed to settle in a separation funnel for 12 hours. The 
bottom layer the bye product Glycerine which is settled in the bottom is separated and the methyl esters of fish 
oil are collected. 

The methyl esters collected were washed with water. The obtained methyl esters of fish oil were taken from 
the conical flask to heated up to 600Cto remove the residual methanol by evaporation. 

 
Table 1: Properties of test fuel 

 
 
S.No 
 

 
 
Properties 

 
 
Diesel 

 
FISH OIL 
 
Raw Fish oil 

 
Fish Oil 
Biodiesel 

1. Flash point(°c) 60 205 183 
2. Fire Point (°c) 62 215 192 
3. Kinematic Viscosity(cs) 3.15 22.5 5.95 
4. Specific Gravity 0.830 0.922 0.891 
5. Calorific Value(KJ/Kg) 42500 30078 37800 

 

 
Fig. 1: separation of methyl ether and glycerine 
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III.  Experimental Setup: 
The experimental setup consists of single cylinder, four strokes, water cooled, naturally aspirated direct 

injection diesel engine connected to an eddy current type dynamometer for loading. The schematic 
representation is shown in Fig 5. The engine setup is provided with necessary instruments for measuring the 
combustion pressure, fuel line pressure and crank angle measurements. These signals are interfaced with the 
computer for pressure crank-angle diagrams. Instruments are provided with the interface to measure airflow, 
fuel flow, temperatures and load measurements.  The set up has stand-alone panel box consisting of air box, 
manometer, fuel measuring unit, transmitters for air and fuel flow measurements, process indicator and 
hardware interface. Lab view based Engine Performance Analysis software package “Engine soft” is provided 
for online performance evaluation of the engine.  A standard burette and a digital stopwatch are also provided to 
measure fuel flow manually. 

The exhaust emissions such as carbon mono oxide CO, carbon dioxide CO2, nitric oxides NOx, 
hydrocarbon HC are measured through using AVLDigas 444 five gas analyser. 

 
Fig. 2: Experimental setup 
 
Table 2: Engine specification 

SPECIFICATION OF TEST ENGINE 
Particulars Specification 
Make  Kirloskar TV1 model 
Type  Single Acting, 4S, vertical DI engine 
Number of cylinder One 
Speed 1500 rpm 
Power output 3.7 kw 
Bore  80mm 
Stroke Length 110mm 
Compression ration 16:5:1 

 
Experimental Procedure: 

The fatty acid methyl esters of fish oil were blended with Diesel to obtain various blends B10 (10% FOBD 
+ 90 % Diesel), B20(20% FOBD + 80 % Diesel), B30 (30% FOBD + 70 % Diesel)by volume. 

Initially the engine was run by diesel for a while and the then by biodiesel blends. A minimum time of 20 
minutes were allowed to stabilize before taking the readings on applying the load. Three trials were taken for 
each blend and the average is used for calculation. The engine was run in diesel in between the blends to purge 
the residual fuel. 
 

RESULTS AND DISCUSSION 
 
It was observed that the operation of the engine was very smooth throughout the rated load, without any 

operational problem. The performance and emission characteristics of the engine fuelled with fish oil biodiesel 
blended fuel blends were discussed and compared with the neat diesel fuel. 

 
A. Engine Performance parameters: 
1 .Brake specific fuel consumption: 

The result for the variations in the brake specific fuel consumption (BSFC) is presented in the Fig.3 For all 
the fuels the BSFC falls with increasing load. The differences of BSFC were very small when using different 
fuels. Altiparmark et al. reported that the BSFC increased up to 10.4% using blended fuels however BSFC were 
decreased at high engine speeds [10]. The minimum BSFC values are 0.34kg/kW hr for diesel. 0.388 kg/kW hr 
for B10, 0.3767 kg/kW hr for B20, 0.3797 kg/kW hr for B30.The higher BSFC values in B10, B30. So B10, 
B30 produce the low energy content. BSFC of B20 is slightly near to the neat diesel BSFC values.  
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Fig. 3: BP Vs SFC 
 
2 .Brake thermal efficiency: 

The variation of BTE with the different load for fish oil biodiesel blends shown in Fig.4. In all cases, it 
increases with increase in load. This was due to increase in power, reduction in heat loss with an increase in 
load. The maximum thermal efficiency for the B20 (25.26%) was higher than that of diesel (23.03%). The BTE 
obtained for B10, B30 were less than of B20, greater than that of diesel. This lower BTE obtained could be the 
reduction in calorific value and increase in BSFC as compared to B20. This blend of B20 also recorded 
minimum BSFC. In terms of BTE, it is concluded that the performance of the engine with biodiesel blends is 
comparable to the diesel. 

 

 
 

Fig. 4: BP Vs BTE 
 

B. Emission parameters: 
1. Oxides of nitrogen: 

The variation of brake power and oxides of nitrogen at all loadsare shown in fig 5. The NOX emission 
increases for biodiesel may be due to the presence of the oxygen content in the biodiesel. Another factor causing 
the increase of NOX could be the possibility of higher combustion temperature arising from improved 
combustion [15]. The NOX emission is found to be lower for diesel. The NOX emissions forB10, B20, B30 and 
diesel were 1100ppm, 927ppm, 1050ppm, 1300 respectively. 

 

 
 

Fig. 5: Brake power Vs NOX 
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2.  Carbon monoxide: 
The variation of the emission of CO Vs BP at all loads shown in fig 6.CO is predominantlyformed due to 

the lack of oxygen. Since biodiesel is anoxygenated fuel, it leads to better combustion of fuelresulting in 
decrease in CO emission [2,10]. The presence of oxygen in leads to better combustion there by reduction in 
carbon monoxide is recorded. Carbon monoxide emission for B10, B20, B30 and diesel were 2.7%, 2%, 2.5%, 
3.25 % respectively. 

 

 
 

Fig. 6: Brake power Vs carbon monoxide 
 
3. Hydro carbon: 

The variation in HC emissions with Brake Power is shown in Fig.7.The reason for the HC decrease for 
biodiesel and itsblends is that biodiesel contains extra oxygen which helpsto improve combustion. The HC 
emission found for B10, B20, B30, and diesel were 51.112ppm, 47.63ppm, 50.06ppm, 55.47ppm respectively. 

 

 
 
Fig. 7: Brake power Vs Hydrocarbon 
 
C. combustion characteristics: 
1.Cylinder Pressure: 

The variation of cylinder pressure with crank angle at full load is shown in Fig8. The cylinder pressure 
characteristics the ability of fuel to mix well with air and burn. This may be due to reduction in ignition delay 
and improves the combustion [12]. The cylinder pressure B10, B20, B30 and dieselwas 74.12 bar, 75.64 bar, 
77.512 bar,and 78.89 bar respectively. 

 

 
Fig. 8: Crank angle Vs pressure 
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2. Heat Release Rate: 
The variation of crank angle with the heat release rate at full load is shown in fig.9. The initial phase of 

combustion iscalled the premixed combustion.The final combustion phase is called late combustion[10,5]. It can 
be observed that peak heat release rate is higher for diesel than that of FOBDblends.The heat release rate of the 
B10, B20, B30 and diesel was 31.23kJ/deg, 35.72kJ/deg, 32.52kJ/deg, 37.82kJ/degrespectively. 

 

 
 
Fig. 9: Crank angle Vs Heat release Rate 
 
Conclusion: 

The performance and emission characteristics of DI diesel engine diesel blended with methyl fish oil were 
investigated. The following conclusion were drawn the experimental results. 

• Fish oil biodiesel and itsblends can be directly using in the engine withoutany modification. 
• The maximum thermal efficiency for B20 (25.26%) was higherthan that of diesel. The brake thermal 

efficiency obtained for B10 and B30 were less than that of diesel. The specific fuel consumption is higher for 
the B20 at all loads than diesel. 

• The CO emission decreases in fish oil biodiesel blends ration in B20. 
• The HC emission level was decreased at B20. 
• Methyl fish oil and its blends exhibit slightly lower pressure at all crank angles compared to diesel. The 

peak pressure value of B20 is very close to diesel. 
• The overall performance and emission characteristics were clearly obtained that the fish oil and its 

blends are efficient in improving the properties of biodiesel blend. 
• The future scope of the work is to do some modification in the engine to get better performance. 
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