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In this work, an ex per i men tal work was car ried out to com pare the per for mance of
biodiesels made from non ed ible mahua oil and ed ible gingili oil in dual fuel en -
gine. A sin gle cyl in der die sel en gine was mod i fied to work in dual fuel mode and
liq ue fied pe tro leum gas was used as pri mary fuel. Biodiesel was pre pared by
transesterification pro cess and mahua oil methyl es ter (MOME) and gingili oil
methyl es ter (GOME) were used as pi lot fu els. The vis cos ity of MOME is slightly
higher than GOME. The dual fuel en gine runs smoothly with MOME and GOME.
The test re sults show that the per for mance of the MOME is close to GOME, at the
pi lot fuel quan tity of 0.45 kg/h and at the ad vanced in jec tion tim ing of 30 deg
bTDC. Also it is ob served that the smoke, car bon mon ox ide and un burnt hy dro car -
bon emis sions of GOME lower than the MOME. But the GOME re sults in slightly
higher NOx emis sions. From the ex per i men tal re sults it is con cluded that the
biodiesel made from mahua oil can be used as a sub sti tute for die sel in dual fuel en -
gine.
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In tro duc tion

Dur ing re cent years high ac tiv i ties can be ob served in the field of al ter na tive fu els, due
to sup ply of pe tro leum fu els strongly de pends on a small num ber of oil ex port ing coun tries. The
de mand for die sel and gas o line is in creased dras ti cally. It has been es ti mated that the de mand for 
die sel will be 66.90 Mt for the year 2011-2012. In the year 2004-2005, In dia im ported 75% of
crude-oil from other coun tries to meet the en ergy re quire ments [1]. Hence, gov ern ment of In dia
has taken nec es sary steps to ful fill fu ture die sel and gas o line de mand and to meet the strin gent
emis sion norms. Biodiesel and al co hol are be ing con sid ered to be sup ple men tary fu els to the pe -
tro leum fu els in In dia. These biofuels are be ing looked to pro vide em ploy ment gen er a tion to ru -
ral peo ple through plan ta tion of veg e ta ble oils and can be ben e fi cial to sug ar cane farm ers
through the eth a nol pro gram.

Mahua is the name for a me dium to larger tree Madhuca longifolia of fam ily
Sapotaceae with wider and round can opy. The tree may at tain a height of up to 20 me ters.
Mahua is a slow grow ing spe cies, at tains a mean height of 0.9-1.2 m at the end of the fourth year. 
The va ri ety Latifolia is com mon through out the In dian sub-con ti nent. The dry ing and de cer ti fi -
ca tion yield 70% ker nel on the weight of seed. The ker nel of seed con tains about 50% oil. The
oil ex tracted from the seeds us ing screw ex pelled is nearly 34-37% of the to tal weight of the
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seeds [2]. Gingili oil is de rived from a plant spe cies called Sesamum indicum, which is an her ba -
ceous an nual be long ing to the Pedaliaceae fam ily that reaches about 1.8 m in height. It is also
re ferred as benne, ses ame, or teel oil. The large round seeds are ex tracted by shak ing the dried
plant up side down af ter mak ing an in ci sion in the seed pods. The seeds con tain 60% oil, of
which 15% is sat u rated and 45% poly un sat u rated. It is used as a cook ing oil, to man u fac ture of
soaps, pharmaceuticals, and lu bri cants.

Shashikant et al. [3] de vel oped a tech nique to pro duce biodiesel from mahua oil hav -
ing high free fatty ac ids (19% FFA). The high FFA level of crude mahua oil has re duced to less
than 1% in a 2-step pre treat ment pro cess of esterification us ing acid cat a lyzed (1% v/v H2SO4)
re ac tion with meth a nol (0.30-0.35 v/v) at 60 °C tem per a ture and one hour re ac tion time. This
pro cess gave an yield of 98% mahua biodiesel, which has com pa ra ble fuel prop er ties with that
of die sel and are within the lim its pre scribed by the Amer i can and Eu ro pean stan dards for
biodiesel. Bhatt et al. [4] stud ied the suit abil ity of mahua oil as al ter na tive fuel for die sel en gine.
They men tioned that mahua could be eas ily sub sti tuted up to 20% in die sel with out any sig nif i -
cant dif fer ence in power out put, brake spe cific fuel con sump tion, and brake ther mal ef fi ciency.
The per for mance of en gine with mahua oil blends im proved with the in crease in com pres sion
ra tio from 16:1 to 20:1.

As far as low emis sion fu els are con cerned, “gas eous fu els” ap pear to be ca pa ble of
per form ing a prom i nent role. Var i ous gas eous fu els such as biogas, pro ducer gas, hy dro gen, liq -
ue fied pe tro leum gas (LPG) and com pressed nat u ral gas (CNG) are suit able for in ter nal com -
bus tion (IC) en gines. But LPG and CNG are con sid ered better al ter na tives be cause of their sim -
pler struc ture with low car bon con tent, re sult ing in re duc tion of ex haust emis sions dras ti cally. 

Sukumar et al. [5] in ves ti gated methyl and ethyl es ter of mahua oil as fuel for a four-
-stroke di rect in jec tion nat u rally-as pi rated die sel en gine. Tests were con ducted at a con stant
speed of 1500 rpm at vary ing brake mean ef fec tive pres sures. Re sults showed that brake ther mal 
ef fi ciency of mahua oil methyl and ethyl es ter were com pa ra ble to die sel. It was ob served that
the ther mal ef fi ciency at full load for die sel was 26.36%, whereas it was 28.3% for mahua oil
methyl es ter and 26.42% for mahua oil ethyl es ter (MOEE). Papagiannakis et al. [6] mod i fied a
die sel en gine to work in dual fuel mode and used die sel as pi lot fuel and nat u ral gas as pri mary
fuel. From the ex per i men tal anal y sis, they re ported that the dual fuel op er a tion re sults in per for -
mance com pa ra ble with die sel op er a tion at full load. They also ob served that the soot emis sion
and NO con cen tra tion lower than neat die sel op er a tion. Un der dual fuel op er a tion, CO and HC
emis sions are gen er ally higher com pared to nor mal die sel op er a tion. In dual fuel en gine, the pri -
mary fuel (gas eous fuel) re leases large amount of en ergy and sec ond ary fuel or pi lot fuel is re -
quired to start the com bus tion of the pri mary fuel.

Ma te ri als and meth ods

In In dia, LPG is eas ily avail able com pared to other gas eous fu els. Hence, for the pres -
ent work LPG was taken as gas eous fuel / pri mary fuel. Tab. 1 shows the com po si tion and prop -
er ties of LPG.

For the pres ent work, mahua oil and gingili oil were se lected as non-ed ible and ed ible
oils, re spec tively, and their methyl es ters were used as pi lot fuel. Biodiesel i.e. methyl es ters of
oil was pre pared by transesterification. Transesterification re ac tion was per formed in a round
bot tom ves sel of 1000 ml in vol ume. First, the ves sel re ac tor was filled with 420 ml of oil
(mahua oil / gingili oil). Then, mea sured amount of the methanolic po tas sium hy drox ide, which
was pre pared by dis solv ing 4 g of po tas sium hy drox ide in 170 ml of meth a nol, was added to the
re ac tor. For refluxing pur pose, a ver ti cal wa ter cooled con denser was placed on the top por tion
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of the ves sel and the re ac tor was im -
mersed in a con stant-tem per a ture wa -
ter bath. The tem per a ture of the wa ter 
bath was main tained at 70 °C and ag i -
ta tion was pro vided with a mag netic
stir rer dur ing the re ac tion. This re ac -
tion was car ried out for two hours.
Af ter the transesterification, the con -
denser was re moved and the prod ucts
were heated, to re move ex cess meth a -
nol. Af ter heat ing, the prod ucts were
shifted to 1000 ml sep a ra tor fun nel,
for phase sep a ra tion. The top layer
con tain ing es ters (biodiesel) were
washed with warm wa ter to wash out
im pu ri ties like soap and other res i -
dues. Tab. 2. com pares the prop er ties
of die sel, mahua oil methyl es ter
(MOME) and gingili oil methyl es ter
(GOME). From the com par i son it is
ob served that the prop er ties of
biodiesel are close to die sel. But the
vis cos ity of GOME is slightly lower
than MOME.

Ex per i men tal setup

A sin gle cyl in der, four-stroke,
wa ter cooled, di rect in jec tion, com -
put er ized die sel en gine test rig was
mod i fied to work in dual fuel mode.
The sche matic of the ex per i men tal
setup is shown in  fig. 1. An eddy cur -
rent dy na mom e ter was used for load -
ing the en gine. The en gine speed was
sensed and in di cated by an in duc tive
pick up sen sor in con junc tion with a
dig i tal rpm in di ca tor, which is a part
of eddy cur rent dy na mom e ter. The
liq uid fuel flow rate was mea sured on 
the vol u met ric ba sis us ing a bu rette
and a stop watch. Chromel alumel
ther mo cou ple in con junc tion with a
dig i tal tem per a ture in di ca tor was
used for mea sur ing the ex haust gas
tem per a ture. The gas flow rate was
mea sured us ing a rotameter with dur -
alu min float. An AVL smoke me ter
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Ta ble 1. Prop er ties of LPG

Prop erty Value

Com po si tion [vol.%]
–  N-bu tane, iso bu tane, and bu ty lene
–  Pro pane and pro pyl ene
–  Eth ane and eth yl ene
–  Pentane

70.4
28.6
0.5
0.5

Cal o rific value [MJ/kg] 47.88

Max i mum flame tem per a ture in air [°C] 2000

Self ig ni tion tem per a ture [°C] 525

Ta ble 2. Fuel prop er ties

Prop erty Die sel MOME GOME

Flash point [°C] 56 129 116

Fire point [°C] 63 141 130

Cal o rific value [MJ/kg] 42.96 36.14 37.84

Ki ne matic vis cos ity at 40 °C [Cst] 2.68 5.10 4.64

Den sity at 40 °C [kg/m3] 828 863 859

Fig ure 1. Ex per i men tal setup
(1) – En gine, (2) – Dy na mom e ter, (3) – Fuel tank, (4) – LPG
cyl in der, (5) – Rotameter, (6) – Flame arrestor, (7) – Fuel and
air mix ing cham ber, (8) – Data ac qui si tion sys tem, (9) – Emis -
sion analyser



was used to mea sure the smoke emis sion and DELTA 1600 L of MRU make ex haust gas an a -
lyzer was used for the mea sure ment of emis sions in ex haust gases. For the mea sure ment of cyl -
in der pres sure, a pres sure trans ducer was fit ted on the en gine cyl in der head and a crank an gle en -
coder was used for the mea sure ment of crank an gle. The pres sure and crank an gle sig nals were
fed to a data ac qui si tion card fit ted with Pentium 4 per sonal com puter.

The dual fuel en gine was started by hand crank ing with MOME as fuel and slowly
LPG is in tro duced into the cyl in der through the air in take man i fold. For the pi lot fuel quan tity of 
0.45 kg/h (25% of fuel con sumed at full load), in jec tion time of 30° bTDC and at steady-state
con di tion, im por tant ob ser va tions such as gas flow rate, air flow rate, ex haust gas tem per a ture,
cyl in der pres sure, and ex haust emis sions were re corded. Then the load is grad u ally in creased up
to full load. Sim i lar procedure was followed for GOME.

Re sults and dis cus sion

The dual fuel en gine was run ning smoothly with MOME and GOME as sim i lar to neat
die sel op er a tion in sole fuel mode. The per for mance and emis sions of MOME and GOME are
given be low.

Brake ther mal ef fi ciency is de fined as the ra tio of brake power to the heat sup plied.
Fig ure 2. shows the vari a tion of brake ther mal ef fi ciency with load. From the fig ure, it is ob -

served that the ther mal ef fi ciency of MOME is
lower than GOME at lower loads. This may be due
to higher vis cos ity and lower vol a til ity of the
MOME, which re sults in poor fuel uti li za tion and
in creased fuel con sump tion. This leads to poor
brake ther mal ef fi ciency. But at higher loads, there
is a slight vari a tion in ther mal ef fi ciency of MOME 
and GOME. Due to higher load, the tem per a ture of
the com pressed LPG and air mix ture in creases.
Since there is a slight vari a tion in vis cos ity of
MOME and GOME, the higher tem per a ture might
have re sulted in better evap o ra tion and spray for -
ma tion of smaller pi lot quan tity of vis cous MOME. 
This might have re sulted in com bus tion of MOME
com pa ra ble to GOME. Hence the per for mance of
MOME and GOME are com pa ra ble at higher
loads.

The vari a tion of car bon mon ox ide (CO) emis -
sion with load is shown in fig. 3. At low loads, there
is a large vari a tion in CO emis sion. Since the vis -
cos ity of MOME is higher than GOME, it re sults in
larger drop lets and poor pen e tra tion of pi lot fuel.
This leads to the poor com bus tion of pi lot fuel and
hence in com plete com bus tion of the pri mary fuel.
But as the load in creases, the dif fer ence in CO of
MOME and GOME de creases due to higher tem -
per a ture of com pressed air/fuel mix ture, which re -
sults in better com bus tion of the fuel at higher loads.

Fig ure 4. shows the vari a tion of un burned hy -
dro car bon (UBHC) emis sion with load. At low
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Fig ure 2. Ther mal ef fi ciency vs. load

Fig ure 3. CO vs. load



loads, the vari a tion in UBHC of MOME and GOME is high. But at higher loads, there is a slight
vari a tion in UBHC emis sion. This may be due to fuel ho mo ge ne ity and better mix ing of fuel and 
air mix ture. The vari a tion of NOx emis sion with load is shown in fig. 5. The GOME re sults in
higher NOx emis sion. This may be due to the better com bus tion of GOME pi lot fuel, which pro -
vides better ig ni tion source for the com bus tion of LPG. This re sults in higher com bus tion tem -
per a ture and hence higher NOx emis sion. But the MOME op er a tion re sults in lower NOx emis -
sion. This may be due to the in com plete com bus tion of the fuel, which re sults in lower
com bus tion tem per a ture.

The vari a tion of smoke emis sion with load is shown in fig. 6. The GOME re sults in lower
smoke emis sion. This may be due to fatty ac ids com po si tion of gingili oil and better com bus tion of
GOME, which re sults in lower smoke emis sion. The fatty ac ids pres ent in gingili oil are palmitic
acid (9%), stearic acid (4%), oleic acid (41%) and linoleic acid (46%) and in mahua oil are oleic
acid (37%), stearic acid (22.7%), palmitic acid (24.5%), linoleic acid (14.3%), and arachidic
(1.5%). But the MOME re sults in slightly higher smoke emis sion due to its fatty ac ids com po si tion
and higher vis cos ity. In dual fuel en gine, the first stage of com bus tion de pend ent on the ig ni tion
source pro vided by the pi lot fuel and the sec ond stage of com bus tion de pends on the char ac ter is tics
of the pri mary fuel. Fig ure 7 is the cyl in der pres sure vs. crank an gle at full load. From the fig ure, it is 
ob served that for MOME, the sec ond stage of com bus tion be comes slug gish prob a bly be cause the
source of ig ni tion for the LPG be comes weak. This might have re sulted in lower pres sure rise for
the MOME as com pared to GOME.
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Fig ure 5. NOx vs. loadFig ure 4. UBHC vs. load

Fig ure 6. Smoke vs. load Fig ure 7. Pres sure vs. crank an gle



Con clu sions

From the ex per i men tal re sults, the fol low ing con clu sions are drawn. The dual fuel en -
gine was run ning smoothly with the MOME and GOME. The vis cos ity of MOME is higher than
the GOME. Due to higher vis cos ity, the MOME re sults in lower ther mal ef fi ciency and slightly
higher ex haust emis sions at lower loads. But at higher loads, there is not much vari a tion in ther -
mal ef fi ciency and smoke, CO and UBHC emis sions of the GOME and MOME. From the ex per -
i men tal re sults, it was ob served that the per for mances with biodiesel pro duced from the non-ed -
ible mahua oil are close to the biodiesel pro duced from ed ible gingili oil. Hence in stead of ed ible 
oil, non ed ible oil can be used to pro duce biodiesel.
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No men cla ture

bTDC –  before top dead center
CNG –  compresed natural gas
GOME –  gingili oil methyl ester
LPG –  liquefied petroleum gas

MOEE –  mahua oil ethyl ester
MOME –  mahua oil methyl ester
UBHC –  unburned hydrocarbon


