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ABSTRACT the dependency on fosail fusls. Biodiesel is considered as one

Wood pyrotysis ol (WPO) is considered as an alizmative
firel for compression ignition engines. But, due to &5 poor
combustion  characteristics, i roquires  significant
madification in the fisel to solve problems like miscibility,
presence of water confent etc, when it is wsed as an
alteimative fuel in compression ignition engines. In this study,
an affempt is made 1o gse wood pyrolysis oil-bio diesel
emulsions in a diesel engine. Three emulsions of WPO and
Intropha methyl ester (JME) were obtnined with the help of a
surlactant, and used as fuels in o single cylinder, four stroke,
air cooled, direct injection diesel enging, The emulsions wers
designated as WPOS, WPO10 and WPO15 whers the
aumneric vilue Indicates the porcentage of the WPO in the
emulsion. The performance and emission characteristics of
the engine were obtained, analysed, and compared with thosa
of diesel fuel and presented in this paper. The emulsions
made with W15 show an improved performance and lower
emissions than WH0O3 and WPOI0 Compared to diesel at
full load, 11.3% higher brake thermal efficiency wns
achieved with WPDHS, HC émissions ware found 1o be lower
by about 3% for WPO15 than for diesel fuel at full load. It is
observed thal about 3% fower MO emissions were obtained
with WHO15 at full load in compoarisen with diesel. The
smoke opacity of WPD3 is lower by 32,7% at full load than
that of dizsel.

INTRODUCTION

I'he issites of enerigy availability and its security have caused
serious concemns pround the world, and prompted researchers
1o fook for better altermatives fo reduce the dependency on
petroleum products. Bio fuels produced from lignoeetinlosia
meterials and vegstable oils are critical factors in redocing

of the best well-suiled fiucls for diesel engines. It B on
wl.umdmdm&mnwgmﬂunihmdmhud Fats: by
the conversion of tha trighycerides to esters (primarily methyl
esters) via various esterification processes [11. Bio-diese] i
composed of alky] esters of fatty acids. These esters have 3
relatively low flash polat, & high heating value, as well a8
density and viscosity comparable to those of raw vegstable
oils. Many sudies shew that umburned hydrocarbons (HC),
carbon monoxide (CO) and sulfur levels are significantly Jess
in the exhoust gas, while using biodiesel as fuel. However, 2
noticeable increase in the exldes of the nitrogen (NOx) levels
s reported with biodiese] [2,1,4.5]. Biodiesel blends reduce
thi levels of global wanming gases such as COg. Its pdditional
advantages  include  outstanding  lubricity, excellent
biadegradability, supertor combustion efficizncy and low
toxicity, among other fucls [&].

Although bio-diesel is considered as a potential aliemative
fued, it has some demerits like poor cold flow properties and
lower oxidation sability thon petrolewn fuels [7. 2]
Saturnted compounds are responsible for the unfavorabls cold
flow properties observed in bio-diesel, and the unsahrated
esters are mainly résponsible for the reduced oxidation
stability [B]. After long storage periods, gums and other
pxidution products ore likely to form more unsatursted
compounds in blo-diesal, The oxidation rate of unsaturated
fatly esters depends on the number and position of dowble
bonds [B]. Treatment with oxidation inhibitors conssining
hindered phenals b8 the most common approach o incres
the oxldative stabillty of bio-diesel, Bio-oil obtnined from the
pyrotysis of biomass sources containg many hindered phenols
9] known 1o be good anti-oxidants [10], Bio-oil alse contains
nanc-particles of aligemeric materials, which could serve as



nucleation centers modifiing the crystallization behnvior of
some bio-dizsel fractions, Tt was reparted that the pH value of
the bio diesel is reduced when it is blended with pyrotysis oil
Ll

Bip-oils produced from the pyrolysis of biomass sources are
alzo considered ta be alternative fusks for diessl engines. Bio-
il is obtained from the condensation of biomass derived
pyralytic vapors, which are produced from the thermal
degradation of biomass substances (celiulose, hemiceliulose,
and lignin) [12]. Bio-oils can be used for power generation
[13); however their high acidity, low thermal stability, low
calorific. wvalug;, high wviscosity, and’ poor lubrication
chamcteristics . limit their use as tamsportation  fuel
Therefore, instend of using the bio-oils as transportation fisl,
they can be used as additives or extenders for transportation
fisels in diesel vehicles. Compression ignition engines fueked
with dipsel are mainly preferred in transporiation. WFD
connot be blended with diesel fuel, because of its poor
miscibility. It doesn't disperse in diesel fusl because of its
different surface tengion and hydroscopic nature [14]. Several
methods of using WPO in dicsel engines have been discussed
by wvarious researchers [15.]617.18] Out of these, the
emulsification method described by Michio Ikura avoids the
problem of the miscibility of WPO with diesel fael.
Surfactants can be used 10 make emulsions with two different
density liquids by reducing their surface tension. It was
reparted that the biodiesel emulsions made with water
reduces the N0y emissions considarably [19.20.21].

Mowadays, biodiess] can be used zlone or mixed in any ratio
with petrofeum diesel fuel. The mest common blend is a mix
of 20% biodiesel with 80% petroleum diesel (B20) [22].
However, some biodiesels can be used as they are. In this
case, WPO can be used to zet an emulsion, s0 that it can
improwe the oxidation stebility and alse replace a certain
percentage of biodiesal. In this present investigation, bio-oil
abtained from the pyrofysis of woody biomass i3 used (o
mnke emulsion with jatropha methyl ester (biodiesel). Thres
different emulifons were made by taking WPO in 5%, 1%
and 15% on a volume basis, with remaining percentages of
TME. Surfactont Span-80 (sorbitane monooleate) is used 1o
prepare the emmlsions of WPO and JME. The performance
and emission characteristics of the single cylinder, air cooled,
D dissel engine, developing 0 power output of 4.4kW at
1300mpm was stdied with the WPO-IME emulsions, and
compared with the results of diesel, JME, and presented in
thiz paper.

EXPERIMENTAL ANALYSIS

PRODUCTION OF WOOD PYROLYSIS
OIL

The Big-oil used in this investigation was obtained from pine
wisad feed stock, available in the packing contaimer boxes,

The feed stock was cut into small pleces and fed n o the
stainless steel pyrolysis reactor. It was a slow pyrolysis
process with 4 heating rate of 10° per minute. The optimum
yield of the pyrolysis ofl was obtained at the temperature
ranges between 450 °C and 500 °C. The optimum yield
obtained was around 60%. The pyrolysis oil cbtained was
characterized to find the physical properties and elemental
compesition. The GC-MS chromatogram of the WPO is
shown in Figure 1. The GC-MS analysis of pyrolysis ofl
showes thit the pyrolysis ofl contents like Oleic acid, 1, 3-
Dimethoxy-2-hydroxybenzene, Meathooyphenol are large in
propartion. Most of the components identified are the phenols
with ketones and aldehydes groups attached, and nearly all
the functional groups showed the extensive existence of the
oxygen. On the other band, the analysis proved that the
shundant aldebydes and ketomes make the pyrolysis oil
hydrophilic 2nd hydraied in notaps, which makes the
separation of water from pyrolysis ofl difffcult [14]. These
phenols present in the WPO will improve the oxidation
stability of the biodiesel fusls,

' . i

an mi e
-

Figure L. Gas chraomatogram of wood pyrolysis off
sumiple

PREFARATION OF BIODIESEL
EMULSIONS WITH WPO

The Methyl aster of Jaropha (TME), commdnly known as
biodiessl from  juropha, ‘wis produced by the
{ransesterificition process. In the transcsterificntion process,
jatropha oil was reacted with an aleohel in the presence of B
strong acid or base, producing & mixture of famy acid alkyl
esters and ghycerol. About 3-4 pams of catalyst (MaOH)
were dissalved in 100 md of methanol to prepare alkoxide,
which is required 1o activate the aleohol. Amund 15-20
mintites vigarous stirring was done in & closed container antil
the alkali was disselved completely. The alcohol catalyst
mixture was then transferred 1o the resctor containing
moisture frée jatropha oil. Continuous stirring of (he resulting



mixture at & lemperatone between 60-565 “C was carried out
for one hour: then the resulting mixture was taken out and
poured into the separating funnel, and the glycerol was
separated from the mixture to get the methy] ester of jatropha
oil. Water washing was done later, in order to remove the
modsture and impuritiss from the biodies:l, The properties of
WPO compared with diese] and IME arc given in Tahls |,

Tablz 1. Properties of wood pyrolysis oil compared with

diesel and jutropha reethyl ester
Properties ASTM [Diesel| WPO | IME
method

Spadﬂ::gmrityulS“E D 4052| 0.83 | 1.15 | 0.B8
Net calorific value{MIkg] | D 4809| 43.8 | 20.58| 39.1
Flash poini[*C] D93 | 50 | 98 | 118
Fire point[”C] D93 | 56 | 10E | 126
Pour poimi{*C} Dt | 46| 2 |4
Carbon residue[%] D4530| 0.1 1285 -
Kinematic viscosity D445 | 258 | 523 | 46
at 40 *Cc8i]
Catans number Dewd| so | - | M
Maksnere content (wi %) - |02 (1530} -
Carbon (%) 5 | 49 {77
Hydrogen (%) 132 | .62 [11.81
Mitrogen (%) Nil | A0 [0119
Sulphur (%) 03 | 005 {0001
Orygen by difference (%) Nil |41.65{10.97

Direst water-ofl emulsions show less viscosity than an oil-
water emulsion, This property i very important [or heavy
fuel oil handling, In this investigation, a lipophilic surfictant
Span 80 {sorbitan monooleats) with hydrophilic-lipophilic
balance (HLB) = 4.3 was used to moke a wnler-in-oil
emulsion, which will reduce the interfacial tension &= well as
1o improve the adherence betwezn the phases of the WPO and
ithe JME. The specifications of the surfactant Span-80 are
given in Table 2. Three WPO fuel emulsions were prepared
from WPO 5%, 10% and 139 and IME 95%, 90% nad 85%
respectively, with the addition of surfactant Span-80 2% by
volume, The resultant mixture was shaken vigorously for
about 30 minutes. Then, the emulsion produced was observed
visuatly for about eight hours, and it was found that the
emulsions ' WPOS5, WPO10 and WPO15 were found 1o be
stable. There was no phase separation during the pbservation
perod. Since the emulsions made with 2% addition of the

surfactant are stable, experiments were not tried ebove 2%

Table 2. Chemical siruciure and specifications of
surfactant

Type | HLB | SPCITE

. Chermical structure
gravity

]

e e0

™

Span-80 | 43 0.98

EXPERIMENTAL SETUP

The schematic of the experimental setup was given in Figurs
2 and the specification of the test sngine was given in Table
£
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Figure 2. Schematic diagram of experimenial setup

Experiments were conducted in 2 single cylinder, four stroke,
air cooled, dircet injection diesel engine coupled 10 an
altzrmator, The load et on the altemator was vared with o
registive load bank, The cxhoust gas fempersiure Wos
measured with the help of & K-type thermocouple firted in the
exhaust pipe. Fuel consumption was measured with the help
of a solenoid controlled automatic burette. An alf box was




used to damp out the pulsations produced by the engine, for
ensuring a steady Mow of air through the intake manifold. Ajr
consumption was measured by an air fow sensor fitted in the
air box. A speed sensor was connected near the flywheel of
the engine to measure the speed. Engine exhnust emissions
were measured with an AVL 444 exhaust gas analyser that
measures unbormt ﬂiﬂ),mbmmnm[de(m}.

uncertainty in Y. As a result, the maximum uncertainty of the
experiment obinined wes = 3.13 %. Table & shows the
instrurnents used in the present stody and their uncertainties.

Table 4. Ronge, accuracy and unceriainiy of ithe
Instramens

hydrocarbon -
carbon dioxide (C02) and nitric oxide (NO) emissions, HC S.MNo | finstrument | Bange | Accuracy | Unesriainty
and WO emissions were mensured in ppm and OO and COy 1. Load 250- LIOW 03
were measured in percentage volume, An AVL 437 C diessl indi HOD0W :
smoke meter was used to measure the smoke opacity of the 2 Temperature 0000 11°C 015
engine exhaust. Infiially, the cngine was operated with diesel _lu‘l.lﬂhr i
firel 10 get the bascline data, and then with JME, The 3 Burefte 1=30cc #12 co 1.5
performance and emission parnmeters were evaluated, Then, 0-
the engine was allowed to run with the three emulsions 4 Speed sensor | 10000 10 rprm +1
WPOS, WPOI0 and WPOLS. The results were compared pm
with those of diesel and JME operations. The sngine was NO:0-
allowed 0 run with diesel fwel in between the WPO SO0 +50 ppm I
emulsions, to eliminnte the cumulative effects. Finally, the pom
engine was allowed 1o mn with diesel fuel 1o fush out the 5 | Extmmstgas | HC:0-
WPO cmulsions in the fucl line. The cngine was able to analyscr 20000 | &10 ppm 0.3
produce the desipned power, e
coR- 1 s !
1 0%
Table 3. Engine Specification Shoke
6 0-100% x] % I
W nkeModel Kirloskar TAF | e
Brake power. kW 4.4
S e PERFORMANCE PARAMETERS
s Figure 3 shows the variation of the brake thermal efficiency
g;,";:::”"’“ Rio .nu: m'hl with brake power for the different fuels, Thermal efficiency is
Hosate 2 ing P e o the ratio between the power output and the encrgy
e T : Whlmjmmhmhhg&:pmdudﬂrﬂw
1 i, CA injected fuel mass flow rate and the lower heating valis
Mo, of holes 3 {catorific value). The brake thermal efficiency of JME is
found to be lower than that of diese] fuel, becauwse of its lower
UNCERTAINTY IN uﬁlurjiﬁ; ::hm and higher vbwui?'.l“\\’{;}ibr‘:f:ﬂlﬂ and
WPO ow an increasing tren © & thermal
INSTRUMENTATION AND efficiency compared to that of dieszl 33 well a3 IME. This
EXPERIMENTS may be due 1o the micro explosion phenomenon, due to the

Unceriainty is n measure of the ‘poodness’ of o resul
Without such n measure, it is impossible to judge the fitness
of the velue, Uncertainty or emor snalysis is necessary to
esmablish he bounds on the accuracy of the estimated
parameters, Evaluations of somes unknown uncertainties from
known physical quantities were obtained using the following
Ecocral equation [23].

= 1 a I

zl {'I" dxl )
In the equaiion cited, Y is the physical parameter that Is
dependent on the parameters, xi. The symbol Uy denotes the

volatility difference between two layers of the emulsion,
which enhances the apir fuel mixing, and hence, the
Improvement in the combastion efficiency.
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Figure 3. Variation of the brake thermal efficiency with
trake power

The phenomenon of micro explosion is often observed during
the combustion of fiel emulsions and multi-component fuel
droplets, which are made up of two or more liguids with
relatively lwrge differences betwesn  their  boiling
temperatures, The micro explosion may occur when the
superhent limit of the Interior phase (which is far above the
boiling point and s about 10%% below the eritical temperature
fior many substances) Is lower than the saturation temperaturn:
of the surrounding phass, Iniense disruption oecurs due o tha
rapid evaporation of the droplet interior phase by spontaneous
homogensous nucleation, which results in a high pressure
bubble inside the lquid phase [19]. The bubble grows
wiolently causing the disruption of the liquid drop into small
secondary drops, in A process known s secondary
abomization or micro explosion. Water b ofl emulsions has
the micro explosion tendency. Here, the lower boiling point
components present in WPO absorb the heat quickly, which
leads o explosion of those lighter components through the
surrcunding oil fayers called as micro explosion [20]. At fll
load, the brake thermal efficiency of the JME is marginally
levwer than that of diesel fuel, but the emalsions made with
WROS, WPOIO and WPOI1S show increased thermal
efficiencies in the order of 32%, 64% and 11.3%
respectively. As the WPO conteat in the emulsion increases;
the thermal efficiency is alss found 1o increase,

Eigure 4 shows the exhaust gas temperature variation with
respect to beake power. Exhoust pas temperature is an
indication of efficient combustion. Higher vabhses of exhaust
gas temperatures are Indicative of ineficient combuestion,
with IME compared to diesel, due to the higher viscosity and
poor mixiure formation of the biodiessl FResl [24). Iv is
observed from the graphs that the JME shows the highest
exhagst pas temperature among  all the fusls  tesied,
irmespective of the load. The heavier mobecules of the
biodiesel lead to conti burning, even during the exhasst

ke which higher mas ¥ [25]). For
WPOS, WPOI10 and WPOLS, the exhausl gas temperatures
are found to be lower than that of JME, but higher than that
of diesel fiel at full load. Also, it is seen that the exhaust pas
temperature of the emulsion & with an i in the
WPO content. The lower malecular weight components in the
emulsion get vaporized during the combustion process, and
absorb, the heat energy which decreases the local adisbatic
flame temperature [26]. This may result in lower exhaust gas
temperature companed 1o that of biodiesel,
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EMISSION PARAMETERS

Figure 5 describes the wveristion of the bmke specific
Wmmmmmmwmmmmmnr
The HC emissions of JME are found to be lower than that of
diesel fuel since, the higher oxygen content oF the IME leads
to more complete buming than diesel fuel. For WHPOS,
WPOL0 and WPOIS5, the HC cmissions were found to be
lewer than that of IME.

FEigure 5 desceibes the wvarlation of the brake specific
hydrocarbon (FIC) emissions with respect to brake power.
The HC emissions of JME are found to be lower than that of
diesel fuel since, the higher oxygen content of the JME leads
o more complete buming thon diesel fuel. For WPOS,
WPO10 and WPO15, the HC emissions were found 1o be
lower then that of IME.
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Emjshmﬂuvuhtﬁmnfliuhh:pqiﬁnmbw
monoxide (CO) emissions with brake power. The combustion
temperature in the engine cylinder significantly influences the
oxidization mte of CO emission. Higher combustion
temperature accelerates the oxidization rate of CO o form
D(E,mmummlnhuc{:linlhqhhmtmurltu
engine [27]. It iz observed that the CO emission of IME is
lower than that of diesel fuel due 1o the OXYEEN content
present in the fiel, which makes the combustion complete.
FurleﬂuWPﬂmluimu,ﬂnCDmhsimsm found to be
higher than that of diescl fuel ut all loads. Lower mobecular
weight substances in the emulsified fuels shsorb the heat of
vapourisation during combustion, which will redues the
combustion temperature and the onygensting time for CO¥s
canversion into OOk [28]. This may be the reason for higher
0 emissions in the case of WPO emulsions,
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Eigure 7 depicis the variation of the brake specific nitri
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In the case of IME, the buming continues in the exhoust, dus
mmhmmumrhhmmhm, increase
lhcﬂhmgslcnpmmgﬂT!ﬁwillhadmm;hurNO
emissions. I is observed that about 11.3%, 5.4% and 1.5 %
inereass ht&:mmrmumnwimmiﬁ. WPOos
and WPOIO respectively, ar full load compared to that of
diesel, There is a significant decrease in the NO emissions by
3% when fueled with WPD15. When compared with IME,
the NO emissions are found to be lower by abour &6%,
1.1% and 163% for WPOS, WPOID and WPOIS
respectively, at full load.

Eigure § describes the variation of the smoke opseity with
respect to brake power, The smaoke opacity of IME is 16.6%
higher than that of diesel due to its heavier molecyles of

hydrocarbons [25].
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The percentage decrease in the smoke opacity of 2.1%,
13.8% and 22.7% wns obfained for WPO3, WPOL0 and
WPOLS respectively, at full load when compared with diegel,
This may be due to the effects of enhancement in the spray
volume, considerable amount of air entminment in the
emulsion sprey, and the micro-explosion effect during the
combastion process [30].

CONCLUSION

The performancs and emission characteristics of diesel, IME
and thres biodiesel emulsions were investigated in a single
cylinder, four stroke, nir-cooled, direct injection  diesel
engine. From the experimentnl results the following
conclasions are drawn.

1. At full bopd, the emulsions made with WPOS, WPOI0 and
WL 5 show increased thermal efficlencies in the order of
3.2%, 6.4% and 11.3% respestively, compased to that of
diese] fuel.

2. The JME shows the highest exhaust gns tenperatire
among all the firels tested, irrespective of the load. For
emulzified biodiesel fuels, exhaust gas temperanures are
found 10 be lower than thot of JME st full load.

3. HC emissions were found to be bower by 14.28% for IME
when compared with diesel at full load. For WPOS, WPDI0
und WPO15 they are lower by 35.7%, 35.7% and 50%
respectively, ot full load compared 1o that of diesal,

4, The CO emissions of IME are lower than that of diesel
fuel, and they are found to be higher in the case of all the
WHO emulsions.

5. About | 1.3%, 3.4% and | .5 % increase in the MO
emizsions was obtained with JIME, WPOS nnd WPO10
respectively, at full Toad compared with diesel, There is a

significant decrease in the MO emissions by 3% when fueled
with WP 5, When compared with TME, the NO emissions
were found to be lower by about 5.6%, 11.1% and 16.3% for
WPOS, WPO10 and WPO15 respectively at full load.

6. The smoke opacity of the JME s 16.6% higher than that
of diesel. The percentage decreass in the smoks opacity of
2.1%, 13.8% and 22 7% was obtained for WPOS, WPO10

and WPOIS respectively, at full boad when compared with

diesel,
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DEFINITIONS, ACRONYMS,

ABBREVIATIONS

WPO
Wood Pyralysis Oil

JME
Jatropha Methyl Ester

HC
Hydrocarbons

co
Carbon monoxide

€0y

Carbon-di-oixide
NO

Mitrle Crxide

GC-MS
Gas Chromatography Mass Spectroscopy



MaOH
Sodium Hydroxide

HLB
Hydaphilic Lipophilic Balance
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