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Abstract In the present study a 4-stroke 5hp diesel engine was tested with Diesel oil plus
cottonseed oil blends. The blends in different proportions (10 to 50 percent by volume)
were tested at constant speed of 1500 rpm. The said engine is operated at different loads
and characteristics like Brake power, Brake thermal efficiency, specific fuel consumption
etc. Engine performance for blends resulted in lower brake thermal efficiency. Smoke is
also found to increase with the blends. The results of the present experimental
investigations reveal that the performance of the blends is comparable with that of diesel.
Hence blends can profitably be employed in an existing CI engine without major engine
modifications, further it can be an immediate solution for the development of rural areas,
and for the emergency use in the event of severe diesel fuel shortage.
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 ﺑـﻪ ﻋﻨـﻮﺍﻥ ﺳـﻮﺧﺖ، ﮐﻪ ﺩﺭ ﺁﻥ ﺍﺯ ﻣﺨﻠﻮﻃﯽ ﺍﺯ ﮔﺎﺯﻭﺋﻴﻞ ﻭ ﺭﻭﻏﻦ ﺗﺨﻢ ﭘﻨﺒـﻪ، ﺯﻣﺎﻧﻪ۴  ﺍﺳﺐ۵ ﭼﻜﻴﺪﻩ ﺩﺭ ﺍﻳﻦ ﻣﻘﺎﻟﻪ ﻳﮏ ﻣﻮﺗﻮﺭ

 ﺩﺭﺻﺪ ﺣﺠﻤﯽ ﻧﺴﺒﺖ ﺑﻪ ﻣﺨﻠﻮﻁ( ﺩﺭ ﺳﺮﻋﺖ ﺛﺎﺑـﺖ۵۰  ﺗﺎ۱۰)  ﻣﺨﻠﻮﻁ ﻣﻮﺭﺩ ﻧﻈﺮ. ﻣﻮﺭﺩ ﺍﺭﺯﻳﺎﺑﯽ ﻗﺮﺍﺭ ﮔﺮﻓﺘﻪ ﺍﺳﺖ،ﺍﺳﺘﻔﺎﺩﻩ ﺷﺪﻩ
 ﻣﻴﺰﺍﻥ ﺳـﻮﺧﺖ ﻭﻳـﮋﻩ ﻭ، ﺭﺍﻧﺪﻣﺎﻥ ﺣﺮﺍﺭﺗﯽ،  ﻣﻮﺗﻮﺭ ﺩﺭ ﺷﺮﺍﻳﻂ ﮐﺎﺭﯼ ﻣﺨﺘﻠﻒ ﻣﺜﻞ ﻗﺪﺭﺕ. ﻣﻮﺭﺩ ﺁﺯﻣﺎﻳﺶ ﻗﺮﺍﺭ ﮔﺮﻓﺖ۱۵۰۰ rpm
 ﺍﻣـﺎ ﻣﻴـﺰﺍﻥ ﺩﻭﺩ ﺍﮔـﺰﻭﺯ ﺭﺍ، ﻧﺘﺎﻳﺞ ﻧﺸﺎﻥ ﻣﯽ ﺩﻫﺪ ﮐﻪ ﺍﻓﺰﻭﺩﻥ ﺭﻭﻏﻦ ﭘﻨﺒﻪ ﺑﻪ ﮔﺎﺯﻭﺋﻴﻞ ﺑﺎﻋﺚ ﺍﻓﺖ ﺣـﺮﺍﺭﺕ ﺷـﺪﻩ.ﻏﻴﺮﻩ ﺑﺮﺭﺳﯽ ﺷﺪ
، ﻗﺎﺑﻞ ﻣﻘﺎﻳﺴﻪ ﺑﺎ ﺯﻣﺎﻧﯽ ﺍﺳﺖ ﮐـﻪ ﺍﺯ ﮔﺎﺯﻭﺋﻴـﻞ، ﺍﻳﻦ ﺑﺮﺭﺳﯽ ﻫﻤﭽﻨﻴﻦ ﻣﻮﻳﺪ ﺁﻥ ﺍﺳﺖ ﮐﻪ ﮐﺎﺭﺁﻳﯽ ﻣﺨﻠﻮﻁ ﻣﺬﮐﻮﺭ.ﺍﻓﺰﺍﻳﺶ ﻣﯽ ﺩﻫﺪ
ﻓﻘﻂ ﺑﻪ ﻋﻨﻮﺍﻥ ﺳﻮﺧﺖ ﺍﺳﺘﻔﺎﺩﻩ ﻣﯽ ﺷﻮﺩ ﻭ ﻟﺬﺍ ﻣﯽ ﺗﻮﺍﻥ ﺍﺯ ﻣﺨﻠﻮﻁ ﻣﺬﮐﻮﺭ ﺑﻪ ﺧﻮﺑﯽ ﻭ ﺑﺪﻭﻥ ﺗﻐﻴﻴـﺮ ﺩﺭ ﺳـﺎﺧﺘﻤﺎﻥ ﻣﻮﺗـﻮﺭ ﺩﻳـﺰﻝ
 ﺑﻪ ﺍﻳﻦ ﻧﺘﻴﺠﻪ ﻣﯽ ﺭﺳﻴﻢ ﮐﻪ ﺍﺯ ﺭﻭﻏﻦ ﭘﻨﺒﻪ ﺑﻪ ﺧﻮﺑﯽ ﻣﯽ ﺗﻮﺍﻥ ﺩﺭ ﻣﻨﺎﻃﻖ ﺭﻭﺳﺘﺎﻳﯽ ﺍﺳﺘﻔﺎﺩﻩ ﮐﺮﺩ ﮐـﻪ ﺧـﻮﺩ ﺑﺎﻋـﺚ.ﺍﺳﺘﻔﺎﺩﻩ ﻧﻤﻮﺩ
ﮔﺴﺘﺮﺵ ﺍﻳﻦ ﻣﻨﺎﻃﻖ ﻣﯽ ﮔﺮﺩﺩ ﻭ ﺩﺭ ﻣﻮﺍﻗﻌﯽ ﮐﻪ ﮐﻤﺒﻮﺩ ﻧﺎﮔﻬﺎﻧﯽ ﺩﺭ ﮔﺎﺯﻭﺋﻴﻞ ﺑﻪ ﻭﺟﻮﺩ ﻣﯽ ﺁﻳﺪ ﺍﺯ ﺭﻭﻏﻦ ﺗﺨﻢ ﭘﻨﺒﻪ ﺩﺭ ﻣﻮﺗﻮﺭﻫﺎﯼ
.ﺩﻳﺰﻟﯽ ﺍﺳﺘﻔﺎﺩﻩ ﺑﺮﺩ

1. INTRODUCTION
High prices coupled with the paucity of petroleum
reserves and environmental concerns have sparked
a search for renewable engine fuels. As most of the
developing nations are agricultural nations,
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producing plenty of oilseed crops and production
of vegetable oils will not be a difficult task. In the
present investigation blends of cottonseed oil and
diesel oil have been chosen, as a fuel for CI engine.
Experimental investigation has been carried out to
assess the feasibility of these oils as CI engine
Vol. 18, No. 1, February 2005 -1

fuels due to the following reasons (a) Present
petroleum resources are dwindling at a faster rate
(b) Some alternate fuel has to take the place of
these fuels, in order to sustain the economic
growth, and (c) The fuel must be vailable in ample
quantity conforming to economic & environmental
conditions.
Vegetable oils as alternate CI engine fuels have
received modest interest for several decades,
however economic factors have favored the use of
petroleum based fuels. The first use of peanut oil
was made in 1895 by Dr. Rudolf Diesel himself,
who predicted “The use of vegetable oils for
engine fuels may seem insignificant today, but
such oils may become in course of time as
important as petroleum and coal tar products of the
present time”. At present, the uncertainties
concerning adequate, stable supplies of petroleum
fuels have renewed interest in vegetable oils a CI
engine fuel. Initial use of vegetable oils as CI
engine fuels may be regional and confined to rural
areas, where they are readily available (1). One of
the probable first applications could be on farm
pumps and agricultural tractors and rural
transportation. Engines using vegetable oils can
produce the same power output, however with
reduced Thermal efficiency and increased
emissions (particularly smoke). Further, vegetable
oils lead to problems of gum formation and
sluggish combustion (2). The specific objectives
of the experimental study is as following
1. The effect of cottonseed oil plus Diesel oil
blends on diesel engine performanc characteristics.
2. Cold starting characteristics of the engine
3. Overheating problems and engine vibrations
because of the use of cottonseed oil.
4. The effect of cottonseed oil plus diesel oil
blends on exhaust emission of the engine.
5. The feasibility of cottonseed oil plus diesel oil
blends as diesel fuel extenders, and for emergency
use in the event of severe diesel fuel shortage.
6. Determination of the optimum percentage of
cottonseed oil and diesel oil blends for a fairly
good engine performance.
7. Feasibility of other non-edible oils like
Karanja oil, Ratanjyot (Jatropha ) oil, Mahua oil,
2 - 101 - Vol. 18, No. 1, February 2005

Linseed oil, Neem oil etc, in CI engine at higher
compression ratios.
Experimental
evidence
from
several
investigators has proved that vegetable oils are
suitable for diesel engine and can be used directly
without major engine modifications (1,3). Gerhard
vellguth (2) studied the performance of a diesel
engine when ingected with vegetable oils. He
conducted variable load tests on the engine with
rapeseed oil, peanut oil and soyabean oil. He
reported that vegetable oils produce the same
power output with a slightly reduced thermal
efficiency and increased emissions. However their
performance is slightly inferior to diesel. He
concluded that vegetable oils could be used as
fuels in diesel engines. One major obstacle in using
vegetable oils is its high viscosity which leads to
problems of fuel flow in the injector fuel lines and
filter (1,8). High viscosity leads to poor
atomization of the oil and leads to high levels of
smoke. In order to improve the performance of
vegetable oils different methods like heating, dual
fuelling, and transesterification have been tried (6).

2. ABBREVATIONS
BP =Brake power of the engine in KW
B.Th.eff =Brake thermal efficiency in percentage
=BP/(mass of the fuel consumed per sec X
calorific value)
Compression ratio =(swept volume +clearance
volume)/clearance volume
SFC =specific fuel consumption in Kg/kWh
HSU =Hatridge smoke units
CSO=Cottonseed oil
DO=Diesel oil

3. ENGINE SPECIFICATIONS
Type: 4-stroke single cylinder, Direct injection,
water cooled,
Stationary engine test rig with open combustion
International Journal of Engineering

chamber,
Make = Kirlosker.
Bore =80mm
Stroke = 110mm
Rated Power = 3.7 KW

Experimental setup
1. Fuel tank
2. Air drum
3. Exhaust

The injection timing and compression ratio
were unaltered during the entire testing. By
keeping the speed constant at 1500 rpm and
without changing any of engine settings the
following parameters were studied, brake power
output, brake thermal efficiency, exhaust gas
temperature, exhaust particulate matter etc. Before
testing, all the components are inspected and
cleaned properly. Crankcase lubricating oil is
changed because partially burned fuel reacts with
cylinder walls to dilute or contaminate lubricant.
Initially the engine is operated on 100% diesel for
10 minutes to pre-heat the engine and then blends
of (CSO+DO) in the ratio of 10%+90% is supplied
to the engine and its performance, exhaust
emissions are determined. The procedure is
repeated with 20%+80%, 30%+70%, 40%+60%,
and 50% +50%.
With 50%CSO and 50% DO, it is observed that
though the exhaust emissions are not much
affected the performance is seriously affected.
Hence further reduction in the proposition of diesel
is not advisable as it results in maximum wear and
tear due to improper combustion.

4. Diesel Engine
5. Dynamometer
6. Air flow meter
7. Temperature indicator
8. Stop watch
9. Dynamometer controller
10. Smoke meter

The present experimentation is carried out on a
single cylinder, direct injection, water-cooled
diesel engine having (5 HP) 3.7 KW as rated
power at 1500 rpm. The engine is provided with an
open combustion chamber. The engine was
coupled to a dynamometer to measure its output.
The fuel flow rates were measured with calibrated
a burette. A smoke meter in HSU measured the
soot. Blends of CSO + DO were prepared as 10%,
20%, 30%, 40%, 50%, for better homogenization
compressed air is passed through the blends. All
the tests were conducted at identical conditions of
engine stability.
International Journal of Engineering

5. RESULTS AND DISCUSSIONS
The test samples in the range of 10% to 50%
blends were tested in the laboratory; which show
the following differences, when compared with
standard diesel.
1. Figure .1 shows fuel flow rate with respect to
brake power in that the lower energy content/ unit
mass of blend compared to diesel fuel resulted in
increased mass flow rate. A possible explanation is
that the more viscous fuel blends reduce normal
injection pump leakage enough to make a
significant change in the volume discharged per
stroke. Although the heating value relationship
tends to reduce the specific energy input rate as
blend fraction increases, the net effect is an
increase in fuel heat supplied. Engine performance
and emissions were influenced by basic difference
between diesel fuel and (CSO+ DO) blends such as
heating values, viscosity, density etc.,
2. In Figure.2, at constant speed of 1500 rpm is
observed so the brake thermal efficiency decreases
with the increase in CSO content in diesel. This
Vol. 18, No. 1, February 2005 -3
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Figure 1. VARIATION IN FUEL FLOW RATE WITH BP FOR DIFFERENT
CSO/DO BLENDS
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Figure 2. VARIATION OF B.T.E. WITH BP FOR DIFFERENT CSO/DO BLENDS

decrease in efficiency is less, compared to the
ability of the combustion system to accept the CSO
blends as fuel. This may be due to the high
viscosity of CSO content in the blends, and this
may degrade fuel spray characteristics and lead to
improper combustion, which result in a minor
decrease in efficiency. Brake Thermal efficiency
4 - 101 - Vol. 18, No. 1, February 2005

decreases slightly with respect to BP at the
maximum load; this may be due to a lower heat
content of CSO, which leads to non-uniform
combustion of the fuel.
3. Figure 3, shows the increase in soot with an
increase in CSO content in the diesel at different
load conditions, which may be due to the
International Journal of Engineering
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incomplete combustion of blends due to low heat
values associated with high fuel viscosity, resulting
in larger mean fuel droplet size and decrease in air
fuel mixing rate. Poor atomization is a result of the
viscous nature of the oil. The fuels physical
properties such as density, viscosity can have a
greater influence on smoke emission than the
chemical properties. This can be attributed to
higher carbon content in vegetable oils.
4. In Figure.4, densities of blends are slightly
higher when compared with diesel fuel.
5. In Figure.5, viscosities of vegetable oil blends
are significantly higher when compared with
diesel.
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6. In Figure.6, heating values of blends reduced
by 10% when compared with the Diesel.
In the general test observations there is very slight
deposition on nozzle tip, deposits formed were soft
and easily removable with cloth. For the
7. long-term operation, injection nozzle carbon
deposits may lead to poor fuel atomization and
dilution of the crankcase oil. Deposits that formed
on the nozzle tip exterior are believed to originate
from the thermal cracking of the fuel that boils
from the nozzle sac late in the expansion stroke.
This problem can be overcome by relocating the
position of the injector nozzle in the engine
cylinder head.
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6. CONCLUSION

7. REFERENCES

Based on the investigations the following
conclusions are drawn:
1. Comparison of engine performance for diesel
and blends resulted in lower thermal efficiency.
2. Blends of up to 30% can be successfully
employed in the rural areas to meet short – term,
fuel scarcity, without engine modification.
3. Low
temperature
operations
appear
impractical due to the high cloud /pour points,
unless some curative additive can be developed or
means for heating the fuel system is added.
4. There is a very small nozzle tip deposition &
no clogging of fuel filter was observed, which can
be controlled by esterification
5. Soot was found to increase by increasing the
percentage of CSO in the blend due to the poor
atomization as a result of viscous nature of the oil.
Hence providing an advanced injection timing and
higher compression ratio can minimize this.
Thus, in developing nations CSO is available in
ample quantity, if it is processed as per the fuel
requirements in mass production then there is a
chance for reducing its overall cost. Then it will
become a renewable source of energy in the case
of diesel fuel scarcity.
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