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Abstract
Biodiesel is double sided Sword. Due to depletibfossil diesel, the Biodiesel have taken sametipasin the fossil fuel category.
That's why now a day the world is taking step tadgathe biodiesel because the depletion of fossdedi Biodiesel is basically Fatty
Acid methyl ester based fuel, a long chain of yigkides and the alcohol in the presence of catdiysns ethyl esters and the
glycerol that process is known as Transesterifaratif the free fatty acid content percentage ia ¢l is more than 2.5 % then the
process by which the oil is converted to ethylreseeknown as Esterification followed by Transgftation. In this study we mostly
concentrate on the physio — chemical propertiee Physio — chemical properties like Density, Kindn¥iscosity, Flash Point,
Cetane Number, are having statistical correlatiavish the Gross Calorific Value of Karanja Oil Methigster (KOME). We have
also shown in the paper, the individual propertiesv much percent statistical correlation have whike gross calorific value, we

have calculated it by Least square Approximatiohioéar Regression.
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1. INTRODUCTION:

Now a days Energy crises is one of the importasueador us,
fossil diesel has utilized everywhere in the woftd the

production process of the industry, Transportatieators and
also used in ships, motor vehicles, Etc. but theésson

produced by that fossil diesel after burning isyvieeffective
for our health and also for climate, it increas@aspallution

and the global warming. Fossil diesel contributiesoat 80 %
of the world’s energy needs [1, 2, 3].

Most of the country in the world that are agrictédiy due to
fluctuating global prices of the crude oil has dweaxse impact
on economy of many nations especially oil importing
countries, apart from the fossil diesel is non Rereable
source of energy, due to the depletion of fosgitel fuels, the
prices are also increasing day by day ultimatelgats to the
economic recession in the various developing cemtf we
see the previous data the diesel consumption iteelhdia
2008 — 2009 was 51.7 million Tons and 159.7 millians of
CO2 was likely to be generated by such usage ailfdesel

[4].

Basically, Karanja is a medium sized fast — grgwin
evergreen tree, which reaches 40 feet in height sumdad,
forming a broad, spreading canopy casting modeshtele
showing in Photo 1.The time needed by the tree &ure

ranges from 4 to 7 years and depending on theofittee tree
the yield of kernels per tree is between 8 to 24ikd the yield
of potential per hectare is 900 to 9000 kg/hedife

The plant is also said to be highly tolerant adthigg and can
be grown in various soil textures viz. stony, saadd clayey,
it can also grow in humid as well as subtropicaliemmments
with annual rainfall ranging between 500 to 2500 [@n4].
Most of the researchers have put the statementtibés is
having oil content 30 to 33% or 30 to 40 %. It isecof the
few nitrogen fixing tree. This spice is commonlylled
Pongam, Karanja, pongamia, or a derivation of thesmes.
Flowers are pink, light purple or white showingphoto 3.
Pods are elliptical, 3 to 6 cm long and 2 to 3 cideythick
walled and usually contain a single seed. Seedd@n® 20
mm long, fig oblong and light brown colour showiimgphoto
2 [4].

In its natural habitat, the maximum temperaturegean of

maximum from 27 — 38 C and minimum 1 — 16 C. Mature

trees can withstand water logging and slight forast— dried

karanja kernels have typically 19% Moisture, 27 Béfty Oil,

17.4% Protein, 6.6% Starch, 7.3% Crude Fiber adéo2Ash.

The oil is used by common people due to its low eosl easy
availability [2, 4]. The fatty acids composition kéranja oil

has been reported in Table 1:
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Table 1: Fatty Acid Composition of Karanja Oil [4].

Fatty Acids | Formula | Structure | Weight in %
Palmitic GeH3,05 16:0 3.7-7.9
Stearic GgH360, 18:0 24-8.9
Lignoceric | GgH4o0O» 24:0 1.1-35

Oleic CigH340, 18:1 445-71.3

Linoleic CigH3,0, 18:2 10.8-18.3

Photo 3:Flowers of Karanja

The Equations were developed for the calculatiohghe
Gross Calorific Value of Karanja Oil Methyl Estefsom
Density, Kinematic Viscosity, Flash Point, and Qeta
Number.

The Equations between Density and the Gross Cialorif

Values are for Karanja Oil Methyl Esters.

Gross Calorific Value (kJ/kg) = 95.5058 - 0.0661777 X
Density (kg/rf) Equation 1)

Then after that, we were developed the Equatiora/dan
Kinematic Viscosity and Gross Calorific Value aoe Karanja
Oil Methyl Esters.

Gross Calorific Value (kJ/kg) = 45.8031 - 0.599455 x
Kinematic Viscosity (mm2/s) ....Equation 2)

Then after that, we were developed the Equationedsn
Flash Point and Gross Calorific Value are for Kaa®il
Methyl Esters.

Gross Calorific Value (kJ/kg) = 45.2092 - 0.0663784 x Flash
Point (Degree) .... Hguation 3)

Then after that, we were developed the Equationadan
Cetane Number and Gross Calorific Value are foralgr Oil
Methyl Esters.

Gross Calorific Value (kJ/kg) = 46.3868- 0.147154 x Cetane
Number (No.) .... EQuation 4)

2. MATERIAL & METHODS:
2.1 Density:

The term density of liquid is defined as the raiffomass per
unit volume, and the unit for density is kginMost of the
researchers have preferred dimensionless numbaetifispe
gravity. As per the ASTM D6751 standards the dgneit

liquid can be measured by D 941 standard and as per

European Standards the density of liquid can besared by
EN ISO 3675 and EN ISO 12185 [4, 5]. But we have
calculated the density as a derived quantity. TreraKja
biodiesel blends density increases as the fossisetli
percentage decreases or the biodiesel percentagsmdes in
the blends. For Density we have taken here blemdke step
of 10, like BOO (Neat Fossil Diesel), B10, B20, B340,
B50, B60, B70, B80, B90, B100 (Neat Biodiesel).

The below graph is showing how the density of Kgrauil
Methyl Ester blends increases as the percentafyessif diesel
decreases or the percentage of biodiesel incremsdbe
blends.

(Blends versus Density of KOME)
—§— Density (kg/m3)

BO0 Bl0 B2Z0 B30 B40 B50 Be0 BF0 BE0 B0 Bl00

Blends of KOME

Graphl

2.2 Kinematic Viscosity:

Kinematic viscosity is the primary reason why bes#l is
used as an alternative fuel instead of neat velgetils or
animal fats. Viscosity is a measure of the intefhadl friction
or resistance of oil to flow, which tends to oppomsey
dynamic change in the fluid motion. Kinematic Visitg of
the biodiesel, diesel fuel and their blends camieasure by
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ASTM Standard D 445 or as per European Standard@Nof
ISO 3104 and EN ISO 3105 test methods. The Visgosit
ranges have given as per the ASTM D445 standardo3550
mn/s and as per the EN 1SO 3104, 05 standards 1690to
mn?/s [3, 5]. Here we have measured the kinematicosisg

in mm2/s by Finoke tube used in kinematic viscomeétgth
tub. We have used this formula while calculatinge th
kinematic viscosity of karanja oil methyl esté¢inematic
viscosity = Calibration constant (mnf/s’) x mean time of
flow (s) in mm%s. The Karanja biodiesel blends kinematic
viscosity increases as the fossil diesel percentiagecases or
the biodiesel percentage increases in the blends. F
Kinematic Viscosity we have taken here blends m step of
10, like BOO (Neat Fossil Diesel), B10, B20, B3Gi0B B50,
B60, B70, B80, B90, B100 (Neat Biodiesel).

The below graph is showing how the kinematic viggosf
Karanja oil Methyl Ester blends increases as tlregugage of
fossil diesel decreases or the percentage of lseldiecreases
in the blends.

(Blends versus Kinematic Viscosity of KOME)
—— Kinematic Viscosity (mm2/s)

Kinematic Viscosity (mm2/s)

BOO B10 B20 B30 B40 B50 Bs60 B70 B30 BS0 B100

Blends of KOME

Graph2

2.3 Flash Point:

Biodiesel and diesel have a common boiling pointt b
biodiesel has higher flash point — the temperattrehich a
fuel will catch fire — because biodiesel has highember of
FAMEs which are generally not volatile. Flash pouaries
inversely with the fuel’s volatility. Thus, biodielsis safer to
handle at higher temperature than fossil dieselstPoint of
the biodiesel, diesel fuel and their blends camieasure by
ASTM Standard D 93 or as per European StandardNofgo
3679 and IP 523 & IP 524 test methods [3, 5]. Weehased
Pensky Marten Closed cup apparatus in the testimgoge.
While calculating the flash point we have taken the
temperature of thermometer which we have used @ th
apparatus. The Karanja biodiesel blends flash potreases
as the fossil diesel percentage decreases or theiebel
percentage increases in the blends. For Flash Ranhave
taken here blends in the step of 10, like BOO (Neassil
Diesel), B10, B20, B30, B40, B50, B60, B70, B800B8100

(Neat Biodiesel).

The below graph is showing how the flash point afdhja oil
Methyl Ester blends increases as the percentafgssif diesel
decreases or the percentage of biodiesel incremsdbe
blends.

(Blends versus Flash Point of KOME)

—&— Flash Point (Degree)

BO0O B10 BZ0 B30 B40 B50 B6e0 B70 B20 BY0 Bl00

Blends of KOME

Graph3

2.4 Copper Strip Corrosion:

The Copper Strip Corrosion is one the important sRhy-

chemical property of diesel fuel. For biodieseisinecessary
to test the effect of copper strip corrosion. Fopper strip
corrosion as per the ASTM standard D130 test methaded.
It has no unit but the limit No. 3 Max. is givenr fthis. If

copper strip corrosion exceeds from this limit the fuel

have corrosion. During experimentation it is obednthat
Karanja oil methyl ester and its blends don't henare than 1
Unit [4, 5].

2.5 Cetane Number:

One of the most influential properties of the didsel is the
dimensionless Cetane number (CN), which represéms
ignitability of the fuel, particularly critical durg cold starting
conditions. Cetane number of the fuel is defined tlaes
percentage by volume of the normal Cetane in aurexof
normal Cetane and — methyl naphthalene which has the
same ignition characteristics (ignition delay) ks test fuel,
when combustion has carried out in a standard engider
specified operating conditions. The Cetane numlfethe
Biodiesel and fossil diesel can be measured by ® &l per
the ASTM D6751 standard and EN ISO 5165 as pelEtie
14214 standard. The limit is given for Cetane Numdm per
the ASTM D6751 standard 47 minimum and as per ERL44
standard 51 minimum for Biodiesel and Cetane nurtlibet
is given for fossil diesel 40 minimum as per ASTM 13
standard [3, 5]. The physical and chemical propsrtf the
fuel play very important role in the delay peridthe Cetane
number (CN) of the fuel is one such important parem
which is responsible for the delay period. The tigni quality
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of the fuel is measured by Cetane number (CN) and i
measures how easily ignition occurs. A fuel wittodagnition
quality has higher Cetane Number, where the ignitielay
period between the start of the fuel injection émel onset of
auto ignition is short. The higher Cetane Numbégrger the
Ignition delay time and vice versa. While testitng tCetane
number we have used Ignition Quality Tester andsthadard
method we have adopted i.e. ASTM D613 Norms forafet
Number. The Karanja biodiesel blends Cetane Number
decreases as the fossil diesel percentage decreastdse
biodiesel percentage increases in the blends. Fetan€
Number we have taken here blends in the step ofiKEDBOO
(Neat Fossil Diesel), B10, B20, B30, B40, B50, B&Y,0,
B80, B90, B100 (Neat Biodiesel).

The below graph is showing how the Cetane Number of
Karanja oil Methyl Ester blends decreases as theeptage of
fossil diesel decreases or the percentage of tseliecreases

in the blends.

(Blends versus Cetane Number of KOME)
—$— Cetane Number (No.)

N\ P
40 /\_/'L_Q—/v‘—/,\ —

Cetane Number (No.)
W
2

BOO B10 B20 B30 B40 B50 B6e0 BF0 B20 B0 B100

Blends of KOME

Graph4

2.6 Gross Calorific Value:

The lower (LHV) and the higher (HHV) heating valuase
measures of a fuel’s heat of combustion, with tHem@ence
between them being the water's heat of vaporization
Biodiesel contains on average 10 — 12% w/w oxygdnich
leads to proportionally lower energy density andatimg
value, thus more fuel needs to be injected in otdexchieve
the same engine power output. Some of the Researbhge
measured the Heating Value of the biodiesel, api thiends
can be measure by ASTM Standard D 240 or as per DIN
Standard of DIN 51900, DIN 51900-1, and DIN 5190®MN
51900-3test methods [3 ,5]. We have used Bomb Qadtoer
Apparatus in the measurement of Heating Value betet is

no specification as regards the biodiesel heatalgey neither

in the EU nor in the US. The Karanja biodiesel be®ross
Heating Value decreases as the fossil diesel pegen
decreases or the biodiesel percentage increagée iblends.
For Gross Calorific Value we have taken here blendthe
step of 10, like BOO (Neat Fossil Diesel), B10, BB30, B40,

B50, B60, B70, B80, B90, B100 (Neat Biodiesel).

The below graph is showing how the Gross Calokifatue of
Karanja oil Methyl Ester blends decreases as theeptage of
fossil diesel decreases or the percentage of lseliecreases
in the blends.

(Blends versus Gross Calorific Value of KOME)
—$—Gross Calorific Value (kl/kg)

Gross Calorific Value (k]/kg)

BOO B10 BZ0 B30 B40 B50 B6e0 B70 B30 B0 B100

Blends of KOME

Graph5

3. RESULT & DISCUSSIONS:
3.1 Density versus Gross Calorific Value:

Density versus Gross Calorific Value graph is simgabhelow;
In this graph we have seen as that as the deridtgranja Oll
Methyl Ester Increases simultaneously the Grossor@ial
Value of Karanja Oil Methyl Ester Decreases, frdms graph
we can conclude that as the temperature increbseensity
of Biodiesel decreases and as the density of lBetliacreases
or the proportion of biodiesel increases in thesilodiesel the
density increases and the Gross Calorific ValueBlEnds
Decreases. The density must be equal to the fdeskl; if
density is less than the fossil diesel then moed fuill be
supplied to the combustion chamber and vice — veltsa
ultimately leads to the cost of the fuel.

Measured Density versus Measured Gross Calorific Value
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Graph6
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3.2 Kinematic Viscosity versus Gross Calorific Vale:

Kinematic Viscosity versus Gross Calorific Valueagh is
showing below; In this graph we have seen as tkatha
Kinematic Viscosity of Karanja Oil Methyl Ester e@ses
simultaneously the Gross Calorific Value of Karargal

Methyl Ester Decreases, from this graph we canlodecthat
as the temperature increases the Kinematic Vigcosft
Biodiesel decreases and as the Kinematic Viscosity
biodiesel increases or the proportion of biodieseteases in
the fossil diesel the Kinematic Viscosity increasexl the
Gross Calorific Value of Blends Decreases. The Kiatc
Viscosity must be equal to the fossil diesel; ifn&inatic
Viscosity is less than the fossil diesel then mimed will be

supplied to the combustion chamber and vice — ygnsgper
Kinematic viscosity will increase the life of thegine. If the
biodiesel is having high kinematic viscosity theémltimately
leads to the cost of the fuel.

Measured Kinematic Viscosity versus Measured Gross Calorific Value
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Graph7

3.3 Flash Point versus Gross Calorific Value:

Flash Point versus Gross Calorific Value graph hisveng
below; In this graph we have seen as that as tghHAPoint of
Karanja Oil Methyl Ester Increases simultaneoubkly Gross
Calorific Value of Karanja Oil Methyl Ester Decreas from
this graph we can conclude that as the Biodiesdlaing
higher Flash point temperature than the fossil aljeas the
Biodiesel percentage increases in the blends samedtusly
the flash point of blends also increases and vigersa. The
flash point must be higher than the fossil diegdlash point
of biodiesel is less than the fossil diesel theigrites rapidly
at the atmospheric temperature so the flash poirgt rhave
high temperature, it ultimately help more safety time
transportation.

Measured Flash Point versus Measured Gross Calorific Value
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Graph 8

3.4 Cetane Number versus Gross Calorific Value:

versus Gross Calorific Value graph is showing belim this
graph we have seen as that as the Flash Point rainjgaOil
Methyl Ester Increases simultaneously the Grossor@ial
Value of Karanja Oil Methyl Ester Decreases, frdms graph
we can conclude that as the Biodiesel is havingdrig-lash
point temperature than the fossil diesel, as thedigsel
percentage increases in the blends simultaneobglyflash
point of blends also increases and vice — verse.flEish point
must be higher than the fossil diesel; if flashnpaif biodiesel
is less than the fossil diesel then it ignites dbpiat the
atmospheric temperature so the flash point muse Hagh
temperature, it ultimately help more safety in the
transportation.

Measured Cetane Number versus Measured Gross Calorific Value
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4. CONCLUSIONS Calculated versus Measured G.C.V. (k]/kg)

Gross Calorific Value = 45.8031 - 0.509455 Kinematic Viscosity (mm?2//s)

4.1 Statistical Correlation between Density & Gross 4]
Calorific Value: 1 ¢

The below given equation gives the statistical elation 1

between the density & the gross calorific Valu&afanja Oil

41+ L3
Methyl Ester,

404

Gross Calorific Value (kJ/kg) = 95.5058 - 0.0661777x
Density (kg/) ....[Equation 1)

394

Measured G.C.V. (k] /kg)

38

There isastrong statistical correlation betweenddgr& the 37
Gross Calorific Value because after the statistiralysisR? s o & B & B 5 on
shows the value 97.78% only, it means that the Delds Calculated G.C.V. (K]/kg)

Gross Calorific Value have 97.78% Correlation bemvehem.

This correlation we have shown the Calculated G&=srific Graph 11

Value versus Measured Gross Calorific values orgthph.

4.3 Statistical Correlation between Flash Point &

Calculated versus Measured G.C.V. (k] /kg)

Gross Calorific Value = 112,047 - 0.0854331 Density (kg/m3) Gross Calorific Value:
pad
The below given equation gives the statistical eation
1 between the Flash Point & the gross calorific Valfi&aranja
g = Oil Methyl Ester,
)
s 414
E Gross Calorific Value (kJ/kg) = 45.2092 - 0.0663784x Flash
‘;'; 1 Point (Degree) .... Hquation 3)
g 39
* 18 There is no strong statistical correlation betw&&ash Point
& the Gross Calorific Value because after the stiafil
371 analysisR? shows the value 61.17% only, it means that the

7 38 ﬁalmlm:gw mﬂ{:; 2 a Flash Point & Gross Calorific Value have 61.17% r€lation
— between them. This correlation we have shown tHeuGded
Gross Calorific Value versus Measured Gross Catovidlues

Graph 10 on the graph.

4.2 Statistical Correlation between Kinematic Calculated versus Measured G.C.V. (i/kg)

Gross Calorific Value (J/kg) = 45.2092 - 0.0663784 x Flash Point (Degree)

Viscosity & Gross Calorific Value:

The below given equation gives the statistical eation 43
between the Kinematic Viscosity & the gross calorialue
of Karanja Oil Methyl Ester,

42
41

40

Gross Calorific Value (kJ/kg) = 45.8031 - 0.599455x
Kinematic Viscosity (mm2/s) ....Equation 2)

39
38

There isa strong statistical correlation betweemekfiatic 37
Viscosity & the Gross Calorific Value because aftbe 36
statistical analysi®® shows the value 98.22% only, it means -
that the Kinematic Viscosity& Gross Calorific Valueave a5 36 37 a8 39 20 a P
98.22% Correlation between them. This correlation vave Caleulated G.CV. (i)/ke)

shown the Calculated Gross Calorific Value versisadlired

Gross Calorific values on the graph. Graph 12

Measured G.C.V. (k]/kg)
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4.4 Statistical Correlation between Cetane Number &
Gross Calorific Value:

The below given equation gives the statistical eation
between the Cetane Number & the gross calorificu¥/abf
Karanja Oil Methyl Ester,

Gross Calorific Value (kJ/kg) = 46.3868- 0.147154x Cetane
Number (No.) .... Equation 4)

There is no strong statistical correlation betwe@atane
Number& the Gross Calorific Value because after the
statistical analysi&R® shows the value 6.16% only, it means
that the Cetane number& Gross Calorific Value h&vig%
Correlation between them. This correlation we hstvewn the
Calculated Gross Calorific Value versus Measureds&r
Calorific values on the graph.

Calculated versus Measured G.C.V. (k] /kg)
Gross Calorific Value (k]/kg) = 46.3868 - 0.147154 Cetane Number (No.)

Rl I
43 1 >
? ul *
5 L 4
5 414 &
¢ 40
st i
é *
g 39 - L 3
384 *
*
37 4 &
390 395 40,0 405 410
Calculated G.C.V. (k]/kg)
Graph 13

At last we can conclude that,

i. The Density individually is having 97.78 % statsi
correlation with the Gross Calorific Value, becao$e
this accuracy we will get most accurate Gross
Calorific Value of Karanja oil Methyl Ester fromeh
given relation and it is the most important propént
the calculation.

ii. At the same time we have seen the relation between

Kinematic Viscosity and the Gross Calorific Value;
in this relation we got the individual property
Kinematic Viscosity having 98.22 % statistical
correlation with the Gross Calorific Value of Kajan
Oil Methyl Ester. Because of this accuracy this
property deserves its position in the calculation.

iii. Flash point is not having that much of statistical
correlation with the Gross Calorific Value. It hasar
about 61.17 % statistical correlation only. It mgan
that flash point does not have most accurate
correlation with the Gross Calorific value.

iv. Cetane Number individual property does not have
statistical correlation with the Gross Calorific I\
because they are having 6.16 % correlation between
them. The Cetane Number Individual property does
not affect the Gross Calorific Value in any manner
from the statistical analysis.

v. As per the test analysis the copper strip corrogon
within the specific limits and it is accepted.

vi. Future Scope of this study, at last if we considere
the combination of physio — chemical property ia th
statistical analysis then and then only we will get
most accurate results from the statistical Equation
and it will definitely help in the calculation ohgine
combustion parameter designing in future.
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