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Abstract - The object of this study is to examine the method to enhance the air swirl to achieve betterment in engine 
performance in Direct Injection single cylinder diesel engine. The combustion efficiency in the combustion chamber 
depends on the formation of mixture of air and fuel. This mixture depends on the amount of Swirl created in the combustion 
chamber. This leads to increase the thermal efficiency of the engine. For this, need to improve in performance, combustion 
and emission characteristics of Direct injection single cylinder diesel engine through the axial lined on threaded bluff body 
by using blends of biodiesel corn oil which has better physiochemical properties. This experiment used to intensify the swirl 
for better mixing of fuel and air and to enhance the performance of the engine. The swirl can be generated in the diesel 
engine by modifying the parameters of the piston crown and cylinder head. 
 
 
I. INTRODUCTION 
 
An Internal Combustion engines plays a vital role in 
day to day life of humanity. It became a part of 
family in the usage in our daily life. Due to demand, 
it is necessary to enhance the performance and 
efficiency of the engines. Diesel engines are internal 
combustion engines that use compression for ignition. 
Air and fuel are not premixed before entering the 
combustion chamber. Liquid diesel fuel is injected 
into the highly compressed, high-temperature air 
inside the cylinder, where it ignites and burns. Since 
there is always an excess of combustion air in the 
cylinder, engine speed is controlled by metering the 
amount of fuel injected into the cylinder. Electronic 
controls have increased the precision and speed at 
which this can be done. When compared to gasoline 
engines, diesel engines operate at high compression 
ratios. Diesels are more durable than gasoline 
engines, but are more expensive to manufacture. With 
proper care, diesel engines can be rebuilt several 
times and will provide many years of service. The 
diesel engine was invented by Rudolf Diesel. Robert 
Bosch developed the first compact, reliable fuel 
injection pump during the late 1920s. It opened the 
door for smaller, faster diesel engines in trucks, farm 
equipment, boats, and other mobile applications. 
Modern diesel engines are used in many mobile and 
stationary applications, such as trucking, 
construction, mining, agriculture, rail, marine, and 
power generation. So, it is necessary of modifications 
to increase the Diesel engine efficiency. Introducing 
biodiesel like corn oil, palm oil, soybean oil, jatropha 
oil and so on as alternate fuel emits less air pollutants. 
The use of biodiesel of vegetable oil as fuel started in 
1900 when Rudolph Diesel used peanut oil in some 
compression tests of his diesel engine. During the 30s 
and the 40s, vegetable oils were used as fuels in 
emergency cases only because the properties of such 

oils led to poor atomization, carbon deposit, problems 
in lubrication, high viscosity and low volatility. 
Aiming to reduce the viscosity of vegetable oils and 
increase the volatility of the fuel, some alternatives 
were proposed, such as dilution, microemulsions, 
pyrolysis and transesterification. Providing Bluff 
bodies on piston and introducing the biodiesel 
tranesterified corn oil with a mixture of diesel is a 
method of modification to increase the burning 
efficiency and power output in IC engines. 
 
II. LITERATURE REVIEW   
 
The characteristics of the recirculation zone, flow 
parameters, and charge mix up  with effect of bluff 
body in various geometric shapes related to diesel 
engine performance and emissions are investigated  
by the several researchers.    Longwell et al (1953) [1] 
presented a paper on the charge flow stability in bluff 
body recirculation zones and turbulent flames in 
ducts in the fourth international symposium on 
combustion. He stated that to develop a high output 
combustors, it is necessary to stabilize the flame in 
air-fuel mixture for 50-800 ft/sec travelling velocity 
and it is possible by placing bluff body like rod, cone 
or disk at that zone. In duct, turbulent flame 
propagation differs from combustion of confined 
turbulent jet which jet which may expand freely in 
radial direction. While the gases in a duct must 
accelerate in the direction of flow when they expand 
from burning and this may results in velocity 
gradients which cause turbulence and mixing. This 
acceleration depends on the rate of heat release and 
this rate of heat release is based on the rate of 
mixture, oscillation of flow and pressure developed. 
Davis et al (1971) [2] presented a paper in 
combustion symposium under the topic of flow in the 
wake of bluff-body flame stabilizers. His 
experimental results for the flow around the bluff 
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bodies situated in a nozzle are reported into two parts. 
One is the influence of initial flow boundary 
condition on the characteristics of the mean flow field 
is given; the special distributions of reverse mass-
flow rate of the normalized wake boundary are 
presented as a function of bluff body blockage ratio 
in range of 0-0.54. And the second is the turbulence 
characteristics of the flow in the immediate wake of a 
disc in nozzle arrangement are given; they explained 
the turbulent characteristics of spatial distributions in 
shear, intensity and kinetic energy which are derived 
from the anemometer readings. Dr.K.Kalyani Radha 
and D.Basker [3] conducted experiment  on piston 
with bluff body oriented in parallel and perpendicular 
to the piston pin axis. In regard to the experimental 
investigation on the performance and emission 
characteristics of a direct injection diesel engine by 
using bluff bodies parallel and perpendicular 
orientations to piston pin axis on high speed diesel 
fuel gives improved performance with reduced 
emissions. By comparison the perpendicular to piston 
pin axis has the maximum performance rather than 
the parallel bluff body and normal conventional 
piston.  
 
Dr.K.Kalyani Radha and M.Laxmi Ramnaik [4] had 
investigated by developing the modifications to bluff 
body which is perpendicular to the piston axis. They 
added the threading to the perpendicular bluff body 
and conducted the experiment with blends of Cotton 
seed oil in order to enhance the performance 
characteristics of a direct injection diesel engine. 
They achieved and concluded that the performance of 
engine is maximum at B-10 rather than B-20, B-30, 
and B-40. Based on this reference work further 
experiment has been conducted by some other 
modifications. M.S. Fauzi [5]. He emphasizes on the 
combustion of diesel engine using different biodiesel 
blends. Rape seed biodiesel is an interesting option to 
address the problem of decreasing availability of 
conventional fossil fuels, as well as to reduce the 
CO2 emissions of internal combustion engines. 
 
Based on the available literature, no practical 
implications were done using axial lined at three 
different places on threaded bluff body with 6 mm 
diameter oriented in perpendicular to piston axis, so 
this is the base for the present experimental work to 
conduct performance test. 
 
III. EXPERIMENTAL SETUP  
 
Compression Ignition engines use diesel fuel. Diesel 
is injected at high pressure at the end of compression 
stroke. There is a need to mix the very small fuel 
droplets with the hot air, for better combustion. This 
is achieved by creating a swirl, in the combustion 
chamber. Basically Swirl is rotary motion of air about 
the axis of cylinder in the combustion chamber. It is 
achieved by proper design of intake port and piston 

bowl. Better combustion of fuels which result in more 
power and lesser emissions. There are mainly two 
types of motion of Air-Fuel mixture inside cylinder. 
1. Swirl Motion, 2. Tumble Motion. 
 
ENGINE SPECIFICATIONS 

 
Table – 1 

 
For better swirling of air-fuel mixture in the engine 
cylinder a proper design of Piston bowl and inlet port 
is necessary. So, by using bluff bodies the stability of 
the flow of charge an flame is good. The bluff body 
in the shape of axial lined on threaded rod on the 
piston gives better swirling of air-fuel mixture in the 
cylinder. By using the bluff body type piston and corn 
oil bio diesel fuel.  
 
The experimental setup consists of Engine, fuel tank, 
dynamometer, and manometer. A single cylinder 
vertical type four stroke Kirloskar engine is used. The 
necessary modifications of piston crown can be 
carried out to get better performance achieved with 
diesel and blends of corn oil fuel at constant speed 
and varying loads. The experiment has conducted on 
normal piston with diesel and later test was conducted 
with modified piston contains the axial lined on 
threaded bluff body at constant speed by varying 
loads. 
 
FUEL SPECICIFICATIONS 

 
Table - 2 
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Figure: Arrangement of Bluff BodyArrangement of bluff 

bodies in the piston bowl: 
 
The experimental tests are conducted on normal 
piston with diesel and blends of corn oil with axial 
lined threaded bluff body i.e a cylindrical rod of  80 
mm in length and 6 mm in diameter is placed on 
piston bowl at height of 12mm vertical from the 
bottom axis. The Bluff bodies are to create or induce 
the air swirl motion inside the engine cylinder. So, 
the enhancement in performance of a direct injection 
diesel engine is achieved with diesel and blends of 
corn oil fuel at constant speed and varying loads. 
 
IV. RESULTS & DISCUSSIONS 
 
The Performance characteristics curves of the CI 
engine by using Diesel with conventional piston and 
bluff body with various blends of B10, B20 and B30 
are as follows: 
 

 
Graph – 1: This graph is plotted between Brake Power Vs 

Thermal Efficiency 
 
The results for the variation of brake thermal 
efficiency with respect to various brake power of the 
engine and various blends of biodiesel for 
conventional piston and piston with axial lined on 
threaded Bluff bodies is shown in above graph. It is 
observed that the maximum thermal efficiency for 

B10 (29.98) was higher than that of diesel (28.06%). 
This is due to the enhanced air swirl in the 
combustion chamber which resulted in better mixing 
of air and fuel and also due to variation of total power 
produced by the engine with respect to heat supplied 
in the form of fuel.  B20 and B30 has slightly high 
density and lower heating value, so it has less thermal 
efficiency when compared to B10. 
 

 
Graph – 2: This graph is plotted between Brake Power Vs 

BSFC 
 
The variation of brake specific fuel consumption with 
brake power for diesel and various blends of biodiesel 
is shown in graph 2. It is observed that the brake 
specific fuel consumption is found to decrease with 
increase in load. B10 showed lowest brake specific 
fuel consumption (0.767kg/kWhr). This is due to 
lower calorific value of the blended fuel as compared 
with diesel. 
 

 
Graph – 3: This graph is plotted between Brake Power Vs 

Mechanical Efficiency 
 
The results for the variation of mechanical efficiency 
with respect to various brake power of the engine and 
various blends of biodiesel for conventional piston 
and piston with axial lined on threaded Bluff bodies 
is shown in above graph 3. Greater the torque greater 
is the mechanical efficiency. It is evident that change 
in Mechanical Efficiency was proportional to the 
variation of the torque. Amount of utilized power 
with respect to the total power developed is 
increasing on increasing the torque. Mechanical 
efficiency of blends is same as the diesel due to the 
effective combustion of the fuels. This results in 
better performance of the engine. Therefore blends of 
corn oil added with etchant when subjected to 
preheating condition results rise in efficiency same as 
for diesel. 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,      Volume- 5, Issue-10, Oct.-2017 
http://iraj.in 

Performance Characteristics of CI Engine using Diesel and Blends of Biodiesel Corn Oil with Axial Lined on Threaded Bluff Body 
 

45 

 

 
Graph – 4: This graph is plotted between Brake Power Vs 

Indicated thermal Efficiency 
 
The results for the variation of indicated thermal 
efficiency with respect to various brake power of the 
engine and various blends of biodiesel for 
conventional piston and piston with axial lined on 
threaded Bluff bodies is shown in above graph 4. In 
this graph clearly shows that effective indicated 
thermal efficiency (55.57%) developed more in bluff 
body piston with diesel than normal piston and blends 
of B10, B20 and B30. More indicated power 
developed inside the cylinder due to enhanced air 
swirl in the combustion chamber. 
 
CONCLUSION 
 
In this study, the performance characteristics of a 
diesel engine operated on diesel fuel and blends of 
Corn oil with bluff body were carried out at different 
loads at180 bar injection pressure at constant speed 
were experimentally investigated and the graphs were 
drawn. The performance of the engine was evaluated 
in terms of brake specific fuel consumption and brake 
thermal efficiency. The results obtained for B10 Corn 
oil has better properties. The results for axial lined 
threaded bluff body with B10 gives brake thermal 
efficiency better rather than B20 and B30 with corn 
oil. 
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