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Abstract
The world at present is faced with the crisis of energy and 
environment degradation. One of the factors is the growing rate 
of automobile industry based on fossil fuel. Although the human 
beings are benefited by the comfort and improved living standards, 
but the trend has resulted in adverse effect on the environment and 
diminishing of natural resources. As such we should be prepared 
for some alternative of this conventional diesel or petrol fuel.
Many researchers have studied vegetable oil as an alternative fuel 
for diesel engines and reports have been released. Since a vegetable 
oil like Nahor (MesuaFerrea) is abundantly available in North East 
of India, it has also been taken into keen interest. Research has been 
carried out by different researchers in case of Nahor oil as a fuel 
in diesel engine. Crude obtained from Nahor seed was fractionally 
distillated by some scientists and the different fractions that were 
obtained showed properties resembling gasoline, diesel and heavy 
fractions of petroleum products.
In this report properties of a major fraction (resembling diesel) 
of Nahor oil obtained from steam distillation are being examined 
and compared with that of diesel fuel. Steam distillation of 
Nahor crude oil and examination of properties was carried out 
in NEIST, Jorhat. These properties resembled with that of diesel 
fuel. Moreover, Nahor oil in the form of blend with diesel oil has 
also been tested.
Performances of different percentage of blends in 4 – stroke single 
cylinder, vertical diesel engine are being compared with that of 
diesel oil. Variable characteristics of different blends and diesel 
have been found out. The results obtained are being interpreted in 
graphs and have been found promising. After comparison some 
conclusions have been established. 
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I. Introduction and Overview
The World petroleum of the past several years has focused attention 
on the needs of research and development of fuel alternatives. Now 
a days it has been inclusively realized that the internal combustion 
engine form an indispensable part of the growth of the modern 
civilization.
The growing of green plants as a renewable source of fuel and 
chemical feedstock is attracting increasing interest. Chemical 
analysis of a number of plants species, in order to access their 
suitability as renewable sources of hydrocarbon-like photosynthetic 
products have made by several researchers. Mesua Ferrea is a 
middle sized tree. Its seed contains viscous oil which consists of 
glycerides of mainly oleic, stearic, linoleic and palmitic acids. A 
systematic analysis of the crude oil obtained from Mesua ferrea 
seeds have been reported to indicate the possibility of obtaining 
various products, as alternative fuel Nahor oil (Mesua Ferrea) 
may prove promising in near future.

This project studies the method of refining the crude oil, the 
properties of some of the refined distillate fractions and the 
performance of C. I. engine using this Nahor oil blended diesel 
fuel. The different performance parameters have been compared 
with the baseline data that has been obtained from the conventional 
fuels. The blends of different percentage of Nahor oil with diesel 
have been prepared in the laboratory.  

II. Objective of the Present Study
To obtain sufficient quantity of crude Nahor oil from • 
distillation and experimentation.
To compare the properties of the fraction obtained after steam • 
distillation with that of the diesel fuels.
Comparison of the data obtained by running the engine with • 
three different Nahor-diesels blended.

III. Field Visit and Seeds Collection       
Mesua is found in moist evergreen or semi-evergreen forests, 
either scattered or in more or less pure patches or belts. It is 
estimated that 5,500 tons of Mesua seeds are annually available 
from Lakhimpur and Sivsagar districts of Assam. Efforts are being 
made by some agency to establish a factory to extract the oil for 
use in the manufacture of soap.

IV. Methodology and Tools/Techniques Used
The study has been carried out with the following steps:

A. Extraction of Oil from Seeds
Crushing the seeds and extracting oil from it by mechanical 
pressing.

B. Steam Distillation of the Crude Oil obtain from Mesua 
Ferrea Seeds
Mesua ferrea seeds contain viscous oil which is non-edible. The 
steam distillation of the crude oil was carried out with an A. 
S.apparatus (American Standard Apparatus) for steam distillation. 
The initial boiling point was found out to be 800C. The colour 
of the distillate fraction for different boiling ranges differs from 
faintly green to dark green. The major distillate fraction in the 
range 250 to 3000C was considered for properties investigation 
which is similar to the boiling range of diesel. The fraction so 
obtained was found to be acidic in nature. The excess of acid 
present in the major oil fraction was neutralized by adding the 
required quantity of solid sodium carbonate and then the oil was 
distilled. The initial boiling point and the final boiling point of the 
distillate fraction were recorded. Density, viscosity and specific 
gravity of the distillate fraction from the range 250 to 3000C were 
measured. Density was measured using Pycnometer. Viscosity was 
measured using Ostwald’s viscometer. The properties measured 
were comparable with those of the diesel fuel. Thus the distillate 
fraction obtained in the range of 250 to 3000C may be used as a 
fuel in compression ignition engine.
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C. The Test Rig and Test Engine
Experimental investigation was performed on a 4-Stroke, 10 – 15 
H.P, and 1500 r. p.m. vertical single cylinder water cool diesel 
engine coupled to hydraulic dynamometer/ mechanical brake (Fig. 
1). The compression ratio is around 16:1 and to facilitate end crank 
starting, decompression valve is provided. For the starting purpose 
of the engine the decompression lever is used, the crankshaft of 
the engine is moved up to a sufficient speed by using end crank 
lever andthen suddenly the decompression lever is closed. Due 
to the closing of decompression lever the air inside the cylinder 
is compressed and temperature of the air is increased. After that 
the injection sprays fuel in the cylinder chamber. The temperature 
inside the cylinder is increased to such a point that it ignites the 
sprayed fuel and combustion takes place. As the combustion starts, 
the burnt gases expand and move the piston from T. D. C. to B. 
D. C. and the engine starts running. 

Fig. 1: 4-Stroke, Single Cylinder Vertical Diesel Engine

The cooling water is used to keep the engine temperature in 
between 50 to 600C. A governor is fitted with the engine because 
the engine runs under varying load condition. When the load 
increases the governor allows more fuel to be consumed to increase 
the power and to make the running speed of the engine constant. 
A hydraulic dynamometer is used to give the engine load. The 
hydraulic dynamometer is constructed with some blades and 
runners arrangements. The shaft of the runner is coupled to the 
engine shaft. So when the engine starts running, the runner runs 
with the blades. So water comes to provide force against the blades. 
A valve is used to control the quantity of water flow. The force 
with which the water strikes the blades is measured by using a dial 
spring balance which gives the measure of force upto 100 kg.

The 4-stroke diesel engine is used for determining-
Specific fuel consumption• 
Air fuel ratio• 
B.H.P.• 
Mechanical efficiency• 
Brake thermal efficiency• 

For determining the above property the arrangements provided 
with engine are-

Hydraulic water brake dynamometer• 
Water manometer and• 
Fuel gauge • 

D. Measurement of Air Intake
The inlet end of the engine is connected to the air intake cubic 
tank of 0.5 x 0.5 x 0.5 meter fitted with BS- 1042 orifice plate. A 
differential water manometer through the capping provided takes 
the water intake measurement. The difference in water column of 
the manometer measures the head causing the airflow.

E. Fuel Intake Measurement
The engine fuel inlet is connected to fuel tank through a 3- position 
cock. The 3- openings of the cock are connected to the flow of 
fuel.

Directly from tank to engine• 
To fill the burette from the fuel tank• 
From burette to engine fuel pump• 

For measuring the fuel consumption we close the connection 
between the burette and the tank. So fuel comes from the burette 
to the engine. On the burette, numbers of divisions are marked 
which gives the reading of the volume of the fuel consumed in 
‘mm3’.

V. Experimental Procedure
In the experimental procedure, first of all, we have determined 
the specific gravity of the three blends experimental. Theoretical 
survey reveals that the specific gravity of the three blends is as 
follows-
Blend 1: (10% Nahor oil and 90% Diesel) = 0.8388
Blend 2: (20% Nahor oil and 80% Diesel) = 0.8448
Blend 3: (30% Nahor oil and 70% Diesel) = 0.8480
Secondly, from thorough literature studies we obtained the net 
calorific value of diesel fuel as 10, 300 kcal/kg. The calorific values 
of the 3-blends were obtained by using the following formula:

 
Where Z, represents the net calorific value of desired blend to 
be obtained.
X represents the calorific value of Nahor oil (10, 947.52 kcal/
kg)
Y represents the calorific value of Diesel fuel (10, 300 kcal/kg)
Using the above formula we obtained that the net calorific value 
of the 3- blends is:
Blend 1:(10% Nahor oil and 90% Diesel) = 10, 364.752 kcal/kg
Blend 2:(20% Nahor oil and 80% Diesel) = 10, 429.504 kcal/kg
Blend 3:(30% Nahor oil and 70% Diesel) = 10, 494.259 kcal/kg
In the third step, a 4- stroke diesel engine as a test rig was run 
using only diesel fuel and the reading so taken includes-

R.P.M. of the engine• 
Water column manometer reading, which will help to • 
determine the air fuel ratio of the engine.
Burette reading for fuel consumption.• 
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Each of the above reading was taken three times each. Keeping 
the applied load constant for each stage during the process. Then 
it was varied gradually for the subsequent stages and all the 
readings were taken at those stages keeping the load constant 
at that stage. Thus in this way, for different loads the readings 
of the different parameters like R. P. M., fuel consumption and 
manometer readings were taken for constant time periods.
The time taken for observation of each load condition was 15 
seconds with the help of stop watch and the reading so obtained 
helps us to evaluate the following engine parameters:-

I. H. P. of the engine• 
B. H. P. of the  engine• 
I. T. E. of the engine• 
B. T. E. of the engine• 
Specific fuel consumption (S.F.C) of the engine.• 

Thus the above evaluated engine parameters using only diesel 
will be regarded as the base line data for the engine and will be 
used for comparison in the later stage. After that the engine was 
running using 3- blends Blend-1, Blend-2 and Blend-3 respectively 
in successive stages of the project and the readings were recorded, 
keeping the conditions same for each of the respective blends 
and their corresponding engine parameters were determined. The 
parameters so obtained for each of the blends were compared with 
that of the baseline data and the results of machine parameters 
obtained are discussed in the subsequent sections. 

Table 1: Comparison of Properties of Nahor Oil with Diesel
S. No. Properties Nahor Oil Diesel

1 Density (kg/m3) 952.0 872.3
2 Specific Gravity 0.8831 0.8701
3 Viscosity (cSt) 20.00 2.50

Table 2: Comparison of Properties with Diesel
Properties Diesel Nahor Oil Blend - 1 Blend - 2 Blend - 3

Density 
(Kg/m3) 872.3 952.0 898.8 907.8 916.0

Specific
Gravity 0.8701 0.8831 0.8388 0.8448 0.8480

Calorific
Value 

(Kcal/Kg)
10, 300 10, 947.5 10,364.7 10, 429.5 10, 494.3

Viscosity 
(cSt) 2.5 20.0 2.9 3.2 3.7

Table 3: Properties of Diesel Fuel
SPEED
(RPM) LOAD I.H.P B.H.P I.T.E B.T.E S.F.C B.M.E.P

770 0 0 0 0 0 0 0
765 2 0.850 0.680 11.10 8.88 3.93 1.45
750 4 1.675 1.341 18.94 15.15 2.31 2.85
740 6 2.480 1.984 23.97 19.19 1.83 4.00
730 8 3.263 2.610 31.28 15.02 1.40 5.10

Table 4: Properties of Blend – 1 
SPEED
(RPM) LOAD I.H.P B.H.P I.T.E B.T.E S.F.C B.M.E.P

770 0 0 0 0 0 0 0
760 2 0.849 0.679 12.36 9.89 3.49 1.45
755 4 1.686 1.349 21.55 17.25 2.00 2.90
735 6 2.463 1.970 25.81 20.64 1.67 4.36
730 8 3.261 2.609 32.60 26.10 1.322 5.82

Table 5:  Properties of Blend – 2
SPEED
(RPM) LOAD I.H.P B.H.P I.T.E B.T.E S.F.C B.M.E.P

765 0 0 0 0 0 0 0

750 2 0.838 0.670 13.39 10.63 3.669 1.45

730 4 1.632 1.305 20.32 16.35 2.138 2.91

720 6 2.414 1.920 28.63 22.89 1.517 4.36

715 8 3.200 2.560 34.38 27.41 1.263 5.83

Table 6: Properties of Blend – 3 
SPEED
(RPM) LOAD I.H.P B.H.P I.T.E B.T.E S.F.C B.M.E.P

780 0 0 0 0 0 0 0

775 2 0.866 0.693 12.61 10.63 3.24 1.46

760 4 1.698 1.358 24.11 19.29 1.79 2.91

750 6 2.514 2.011 30.83 24.66 1.399 4.37

740 8 3.306 2.645 33.08 28.12 1.22 5.82

Fig. 2: Comparison Chart between I. H. P. VS B. M. E. P. of 
Blend- 1 (10%)

Fig. 3: Comparison Chart between I. H. P. VS B. M. E. P. of 
Blend- 2 (20%)

Fig. 4: Comparison Chart between I. H. P. VS B. M. E. P. of 
Blend- 3 (30%)
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Fig. 5: Comparison Chart between I. H. P. VS B. M. E. P. of 
Diesel

Fig. 6: Comparison Chart between B. H. P. VS B. M. E. P. of 
Blend- 1(10%)

Fig. 7: Comparison Chart between B. H. P. VS B. M. E. P. of 
Blend- 2 (20%)

Fig. 8: Comparison Chart between B. H. P. VS B. M. E. P. of 
Blend- 3 (30%)

Fig. 9: Comparison Chart between B. H. P. VS B. M. E. P. of 
Diesel

Fig. 10: Comparison Chart between I. T. E. VS B. M. E. P. of 
Blend 1, 2, 3 & Diesel

Fig. 11: Comparison Chart between B. T. E. VS B. M. E. P. of 
Blend 1, 2, 3 & Diesel

Fig. 12: Comparison Chart between S. F. C. VS B. M. E. P. of 
Blend- 1, 2, 3 & Diesel

VI. Results and Discussion

A. Interpretation of Graph
The specific gravity and calorific value of various blends under 
trial have been found out and put into tabular form. The dimension 
of the engine is measured to find the B.M.E.P and the various 
parameters after calculation have been put into graphical form.
The graphs are plotted against B.M.E.P on X- axis. The baseline 
data, which indicates the present condition of the engine, is used 
as reference level. The graphs which have been discussed are as 
follows:– 

S. F. C V• S B. M. E. P
I. T. E   V• S   B. M. E. P
B. T. E V• S B. M. E. P
B. H. P V• S B. M. E. P
I. H. P  V• S  B. M. E. P

B. Comparison of Graphs of S. F. C VS B. M. E. P of the 
Engine for Blend-1, Blend- 2, Blend- 3 and Diesel
S. F. C is defined as the amount of fuel consumed per unit power 
developed per hour.
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The graph is plotted with B.M.E.P in the X-axis and S. F. C in the 
Y- axis taking help from the four summery tables. The curve S. F. 
C and B.M.E.P show that the S. F. C of the 30% blended mixture 
is more efficient than other blends and also from diesel fuel.

C. Comparison of Graphs of Thermal Efficiency VS 
B.M.E.P of the Engine for Blend-1, Blend- 2, Blend - 3 
and Diesel
Thermal efficiency of an engine is defined as the ratio of the output 
to that of the chemical energy input in the form of fuel supply.

The graph is plotted with B.M.E.P in the X-axis and I.T.E & B.T.E 
in the Y-axis taking help from the four summary tables. Thermal 
efficiency increases with power developed. Increase in leanness 
of the mixture also increases the thermal efficiency. Again as the 
oxygen content increases the combustion efficiency increases this 
in turn increases the thermal efficiency. The C. V. of fuel is much 
higher than that of diesel, which increases the thermal efficiency. It 
is clear from the graph that the thermal efficiency of 30% blended 
mixture is much higher than that of the conventional fuel i.e., 
diesel fuel. So, it is optimum than the other blends.

D. Comparison of Graphs of Power VS B. M. E. P of the 
Engine for Blend-1, Blend- 2, Blend- 3 and Diesel
The power developed by the engine at the output shaft is called 
brake horse power

 
And, the power (total) developed by consumption of fuels in the 
combustion chamber is called indicated power.

 
Where, L = Stroke length
N = Speed in r. p. m
Pm = Mean effective pressure (N/m2)

The hypothetical average pressure, which is thought to be acting 
in the piston throughout the power stroke, is called mean effective 
pressure and if the mean effective pressure is based on brake 
power, it is called brake mean effective pressure (B.M.E.P). The 
graph is plotted with B.M.E.P in the X- axis and I.H.P and B.H.P 
in the Y – axis taking data from the four summary tables. From 
the graphs it is clear that the 30% blended mixture gives more 
power output thanthe other blends and also than the diesel fuels. 
Thus it is seen again that the 30% blend is much more efficient 
and optimum in use than the other blends.

VII. Conclusion
From the steam distillation of the bio-crude oil and experimental 
investigation on the engine operating with different blends we 
can arrive at some conclusions. They are- 

Based on results obtained from the properties test on the 1. 
major fraction (250 –3000C) obtained:
Density, viscosity & specific gravity were comparable with • 
those of diesel fuel.
Although the fraction was acidic in nature can easily be • 
removed by adding solid sodium carbonate.
Not only fractions resembling diesel but also fractions • 
resembling petrol also may be obtained.

Based on experimental investigation in the using Nahor oil 2. 
blends: 
The present diesel engine can run smoothly even when • 
with 80% substitution without impairing the performance 
parameters.
Except for starting troubles in cold seasons it is highly • 
promising.
Working on worn out engine was a blessing in disguise, • 
which enables us to study the effect of fuel in such cases, 
and surprisingly gave unexpected results.
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