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Introduction sources. These fuels can be successfully used as diesel engine

. . . fuels by preparing biodiesel. Transesterification process utilizes
The worl_d IS present_ly confronted with th_e twin crises .Of fOSSI:Inethanol or ethanol and vegetable oils as the process inputs. This
fuel depletion and environmental degradation. Indiscriminate ex,

traction and lavish consumption of fossil fuels have led to redu wdirect route of utilizing alcohol as a diesel engine fuel is defi-
L P ﬁitely a superior route as the toxic emissions containing aldehydes
tion in underground based carbon resources. The search for

. . ; ) ) 98 drastically reduced. The problem of corrosion of various en-
alternative fuel, which promises a harmonious correlation withy, o parts utilizing alcohol as fuel is also solved by way of trans-
sustainable development, energy conservation, management, 't'erificatior[z]
ciency gn_d fter:]wronmer;tal ptrester\éatlotﬂ, hdas blecc_)me hlghtly Prorhe present work is carried out using a typical vegetable oil by
nounced in the present context. For the developing coun rlesf8quIating its properties closer to the conventional diesel oil.
th_e world, fuels of blo-o_rlgln_ can provide a feasible solution to t.hgystem design approach has taken care to see that these modified
Er'ses' The fdu%ls of blg-orlglnfmﬁly bef allcohol, \éegetalﬂed.o'l?uels can be utilized in the existing diesel engine without any

iomass, and biogas. Some of these fuels can be used diregliyqiantial hardware modifications. India is producing around
while others need to be formulated to bring the relevant propertlg % 10° tons of non-edible oils such as linseed, castor, karanji
close to conventional fuels. The power used in the agricultural aﬂgongamia glabra neem (Azadirachta indica pélash (Blljtea
transportation sector is essentially based on diesel fuels and it nosperma and kusum(Schlelchera trijuga Some of these
therefore, essential that alternatives to diesel fuels be developgzi produced even now are not being properly utilized, and it has
tCr;]I_VGntt}’(lje recent vi[/ld;aspread use Of d'etiel fu_elb!lr_ltvar;ous_ SeCtfaen estimated that some other plant-based forest derived oils

IS study concentrales on assessing the viabliity O USINg Ve 3 mych higher production potential. It will be expensive and
etable oils in the existing diesel engines. Vegetable oils have co fe consuming to incorporate even a minor design alteration in

par_atr)ll_e energy (_Jl;efnsilty, c_etan_ehnumber,l rée.’at ?f fva?o_rriﬁatilon, 3A9 system hardware of a large number of existing engines oper-
stoichiometric air/fuel ratio with mineral diesel fuel. The large;,q'in the rural agricultural sector of the country. Keeping this in
molecular sizes of the component triglycerides result in the o

) . > . : . . ew, several modes of fuel formulation such as blending, trans-
having higher viscosity compared with that of mineral diesel fu€bgterification and emulsification were adopted in the present work
The viscosity of liquid fuels affects the flow properties of the fuel, identify the most appropriate mechanism.
such as spray atomization, consequent vaporization, and air/fue{;egetable oils have about 90 percent of the heat content of
mixing. The problem of viscosity has an adverse effect on thgesel fuel and they have a favorable output/input ratio of about 2
combustion of vegetable oils in the existing diesel engines. Bg; 4. 1 for unirrigated crop production. The current prices of veg-
sides some problems crop up in the associated fuel pump agdpie oils in the world are nearly competitive with petroleum fuel
injector system. An acceptable alternative fuel for engines hasﬁgce_ From amongst the large number of vegetable oils available
f_uI_fiII the env_ironmental and energy security needs without sacij he world, if any specific oil needs to be adopted as a continu-
ficing operating performande]. _ .ing energy crop, it is then essential that an oilseed variety having
Methanol and ethanol are two abundantly available alternatl}t‘(-;gher productivity and oil content must be produced. Neverthe-
fuels, which possess the potential to be produced from biomagss valid technologies must be developed for the use of veg-
etable oils as an alternative diesel fuel that will permit crop pro-
Contributed by the Internal Combustion Engine Division tiETAMERICAN  duction to proceed in an emergency situation. Vegetable oils in its
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engines, derived from vegetable oil fatty acids, and animal fat. thesel engines indicate a substantial reduction in S, CO, PAH,
its simplest form, the carbon cycle of vegetable oils consist of tenoke, noise, and particulate emissidd8—15. Furthermore,
fixation of carbon and the release of oxygen by plants through thentribution of biodiesel to greenhouse effect is insignificant,
process of photosynthesis and then combining of oxygen and csirce CQ emitted during combustion is recycled in the photosyn-
bon to form CQ through processes of combustion or respiratiorithesis process occurring in the plants and is used as a raw material
It is appropriate to mention here that the C@leased by petro- for biodiesel productiorf14,16. In 1992, the bi-state develop-
leum diesel was fixed from the atmosphere during the formativeent agencyTransit Authority for the Greater St. Louis Metro-
years of the earth, whereas the Cf@leased by biodiesel getspolitan Area began a limited 3320 knfR000 mile test using 30
continuously fixed by plants and may be recycled by the negercent blend of biodiesel and No. 2 diesel fuel in two Ford vans
generation of crops. The carbon cycle time for fixation o, @G@d powered by Navistar 7.3 liter engines. They observed that there
its release after combustion of biodiesel is quite small as convas no change in the fuel mileage, smoke opacity was reduced by
pared(few years to the cycle time of petroleum oil§ew million 30 percent, and exhaust odors were less offensive. There were no
years. It is well known that petroleum refiners are now facingdverse engine effects. The same study was expanded to include
new sulfur and aromatic compound specifications. Since biodie&€ vans and after 41,500 k(25,000 mile§, the results were the
is a fuel made up of esters derived from oils and fats from renewame[3,17].
able biological sources, it has been reported to emit far less reguin Austria, biodiesel from rapeseed oil is commercialized. The
lated pollutants than petroleum diesel f{ig]. first industrial plant for biodiesel production capacity of 10,000
tons per year in the world went into operation in Austria, in 1991.
: : : RME is produced in co-operative and industrial-scale plants. An
Historical Perspective interesting point is that biodiesel is produced from a mix of RME,
The inventor of the diesel engine, Rudolf Diesel, in 1885, usesME, and FME (used frying oil methyl esterin Austria. Tax
vegetable oil§peanut oil as a diesel fuel for demonstration at thebenefits in Austria and Germany encourage the use of 100 percent
1900 world exhibition in Paris. Speaking to the Engineering Stiodiesel fuel in ecologically sensitive areas and agricultural and
ciety of St. Louis, Missouri, in 1912, Diesel said, “The use ofountainous regiofil8,19. In Ireland, two pilot projects on the
vegetable oils for engine fuels may seem insignificant today, buée of biodieselRME) in commercial vehicles are reported. In
such oils may become in course of time as important as petroletiie first project, pure biodiesel was used in buses, trucks, and in
and the coal tar products of the present timdg]. However, pleasure cruisers. The RME used was obtained through oil extrac-
higher viscosity is responsible for various undesirable combustigon followed by esterification on a small-scale tractor-mounted
properties of neat vegetable oils. Four well-known techniques agsterification unit. The second project involved a comparative
proposed to reduce the viscosity levels of vegetable oils, namelyalysis of the behavior of a number of vehicles operated on RME
dilution, pyrolysis, micro-emulsion, transesterificatid]. Trans- and SME, imported from UK and Italy, respectively. Vehicle test-
esterification, however, is the current method of choice in thag started in mid-1996. A principal disadvantage of rape oilseed
study, which results in a fuel very similar to that of diesel oilas a source of biodiesel in Ireland was its economic feasibility, as
Transesterification was known as early as 1864, when Rochlegels up to 0.25 ECU/liter(about 6.6 ECU/GJmore expensive
described glycerol preparation through ethanolysis of castor ahan its fossil-based equivalent. In Denmark, two companies pro-
Transesterification is a chemical reaction that aims at substitutidgced non-food rapeseed oil, on a commercial basis, for export.
the glycerol of the glycerides with three molecules of monaat present, there is no commercial production of biodiesel in Den-
alcohols such as methanol thus leading to three molecules of meark. During a test, four city buses were running on biodiesel for
thyl ester of the vegetable oil. The idea of chemically altering months. The results were promising but not satisfactory from
vegetable oils was noted even before World War II. Walton wrotenvironmental point of view. The Danish National Transport Plan
in 1938 “to get the utmost value from vegetable oils as fuels it isTrafik 2000” mentions the use of biofuels as one out of five
academically necessary to split the glycerides and to run on th@jor instruments to be used to reduce Gnissions from the
residual fatty acid” because “the glycerides are likely to cause aransport sector. However, there is no commitment for large-scale
excess of carbon in comparisorig]. use within the governmeri20]. In the United States, fuel tax
The process of utilizing biodiesel in the IC engines for transpogissistance or other governmental aid or regulations could propel
as well as other applications, is gaining momentum recently. IEfiodiesel into a high volume, lower cost production track that
has recognized biodiesel as an alternative fuel for the transporémables it to compete head-to-head with diesel fuel for a variety of
tion sector. The European Commission proposed a 12 percapplicationsg4].
market share for biofuels by the year 202Q. Kaltschmitt et al.
conducted a study, which shows that bioenergy carriers offer
some clear ecological advantages over fossil fuels such as cpp- . . . .
serving fossil energy resources or reducing the greenhouse eﬁ?&getable Oil and Diesel Fuel: A Comparison
[8]. The ideal diesel fuel molecules are saturated non-branched hy-
Knothe investigated the influence of fatty acid structure on thdrocarbon molecules with carbon number ranging between 12 to
performance as a diesel fugd]. Pischinger et al. found mo- 18 whereas vegetable oil molecules are triglycerides generally
noesters to be technically attractive in terms of good miscibilitwith no branched chains of different lengths and different degrees
with diesel oil, almost similar volumetric heat content, adequatd saturation. It may be noticed that vegetable oils contain a sub-
viscosity and cetane numbgtQ]. The high carbon residue indi- stantial amount of oxygen in their molecular structure. Fuel prop-
cated by the Conradson value and high viscosity are due to thies for the combustion analysis of vegetable oils can be grouped
large molecular mass and chemical structure. The high carboonveniently into physical, chemical, and thermal properties.
residue is likely to lead to heavy smoke emission from an engifhysical properties include viscosity, density, cloud point, pour
[11]. point, flash point, boiling range, freezing point, and refractive in-
Hemmerlein et al. established that all of the engines run aex. Chemical properties comprise chemical structure, acid value,
rapeseed oil passed the ECE R49 regulation relating to CO, H&aponification value, iodine value, peroxide value, hydroxyl value,
NO,, and soot emissions in the 13-mode test. the emissionsaifetyl value, overall heating value, ash and sulfur contents, sulfur
aromatics, aldehydes, ketones, and particulate matter were highed copper corrosions, water and sediment residues, oxidation re-
when rapeseed oil was used. PAH emissions were reducedsistance, ignitability and thermal degradation products. The ther-
larger cylinder IDI engines and elevated in other engine typ@sal properties are distillation temperature, thermal degradation
[12]. Vegetable oil based fuels are biodegradable, non-toxic, apdint, carbon residue, specific heating content, and thermal
significantly reduce pollution. Reports on the use of biodiesel Tonductivity.
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American society of testing method8STM) has prescribed Table 1 Comparison of properties of linseed oil with diesel oil
certain tests and their limits for diesel fuel to be used in CI eh®l

gines. For any alternative fuel to be suitable for long-term engi Properties Diesel oil Linsead oil
operation without engine modifications, it should be in conformit| Specific qravit 0.835 0.935
or within close range to these ASTM limif&1]. P g Y - -

The characteristics of the variety of available vegetable oils f4-Net calorific value (MJ/Kg) 45.158 39.75
within a fairly narrow band and are close to those of diesel of_Kinematic viscosity at 37.8°C (cSt) | 3.9 293
Vegetable oils have about 10 percent less heating value than ¢ Color Light brown | Pale yellow
sel oil due to the oxygen content in their molecules. The kinemat Stoichiometric air fuel ratio 14.9 12.08

viscosity is, however, several times higher than that of diesel oIl
The high viscosity, 35-45 cSt as against about 4.0 cSt for diesel
oil at 40°C, leads to problems in pumping and atomization in the
injection system of a diesel engine. The high carbon residue indi-

cated by the conradson value and high viscosity are due to t . .
large molecular mass and chemical structure. The high carl sequently cause problems in fuel spray. Engines do not take up

) ; ) L -nigh load level, even after a few hundred hours and at last, the
residue is responsible for heavy smoke emission from an engng%g.

: > o N ine fails catastrophically.
Vegetable oils have poor volatility characteristics, prohibiting I%eeping the speciﬁc feat):Jres of diesel engines in mind, a typi-

]nglélu Zﬁ Iinnessl e‘rnhgénfsfa\rf:gneljranbblzrogf n?gitsg]!t?hbgevgs ;tua(i)llseoo l | engine system widely used in the agricultural sector in devel-
9 ' g 0 ing countries, has been selected for the present experimental

Lﬂ;g;ﬁ;fg%g iﬁ;gof’o;"’;if:e;seﬁhﬂé ?Jetlhe minimum CEtanf?westigation. This is a single cylinder, direct injection, water-
q 9 ’ Pled, portable diesel engine of 4 kW rating with an alternator

S!nce neat vegetable 0”5.6.“9 not s_uitable_ as fuels f_or a dieg upled to it. The engine was provided with suitable arrange-
engine, they have to be modified to bring their combustion-relat ents, which permitted wide variation of controlling parameters.

properties closer to those of diesel oil. This fuel modification i his unit, manufactured by Perry & Co., India, is a compact,

mainly aimed at reducing the viscosity to get rid of flow relate . ; oo
- . rtable captive 4 kW gen-set run by diesel fuel. It is widely used
problems. The methods employed include the heating of vegeta Sstly for epl)gricultural gpurposes anél in many small and rr?ledium

oil, thermal cracking of the highly complex vegetable oil molecul?ale commercial purposes. This is a single cylinder, four-stroke,

into lighter ones, and transesterification, in which methanal/” . 3 .
ethanol substitutes glycerol, splitting the vegetable molecule in rtical, water-cooled system having a bore of 85 mm_and a stroke
110 mm. At the rated speed of 1500 rpm, the engine develops

three lighter molecules. Vegetable oils have larger molecules, : : :
to four times larger than typical diesel fuel molecules. The hig ew power output in pure diesel mode. The engine can be started

molecular weights of vegetable oils result in low volatility ag, hand cranking, using decompression |ever. The engine is pro-
compared to diesel fuel, which leads to the oils sticking to thf'ded with a centrifugal speed governor. The compression ratio is

o X . S 6.7. The inlet valve opens 4.5 deg BTDC and closes 35.5 de
injector or cylinder walls[4]. Oils then undergo oxidative and ABDC. The exhaust vaFI)ve opens 33'5 deg BBDC and closes 4'2

thermal polymerization, causing a deposition on the.m]ecm&tag ATDC. The test engine is directly coupled to a 220 V, single
form_lng a film that continues to trap fuel a_nd mterfert_e W'.th COM hase ac generator of sufficient capacity to absorb the maximum
bustion and leads to more deposit formation, carbonization of |H-

jector tips, ring sticking, and lubricating oil dilution and degrada‘-)ower produced by the engine.

tion. The accompanying inefficient mixing with air contributes to
incomplete combustion. The combination of high viscosity and
low volatility of vegetable oils causes poor cold engine start-up,
misfire, and ignition delay. P

A host of pgllant and for>t/ast resources are available in the wor%Stenflcat'on Process
from which different vegetable oils can be produced and formu- The use of biodiesel fuel is an effective way of substituting
lated for use in diesel engines. The present work has been cardégsel fuel in the long run. One important conclusion that can be
with such an objective, where a non-edible oil has been appropiiawn from the work done earlier in our laboratory is that veg-
ately modified by way of esterification and subsequently used fetable oils as fuel cannot be used directly in the engine. Several
running the diesel engine. problems crop up if the unmodified fuel is used and viscosity is

Linseed oil was selected for the present investigation, as ittide major offender. It has been observed that esterification is a
available in large quantities and non-edible in nature. Linseed diry effective way to modify the vegetable oil structure and re-
is obtained from the dried ripe seed of the flex pldnihum usi- duce its viscosity. If vegetable oil processing costs can be reduced
taissimumgrown in the temperate areas of the world. Its viscositiirough increased plant capacities, it would become an economi-
is lower than most of other vegetable oils. It has high linoleic acieglly viable alternative to diesel fuel.
content. Linoleic acid is a straight chain molecule of 18 carbon The formation of methyl esters by transesterification of veg-
atoms[ C;7H,qCOOH] with three double bonds at 9-10, 12-13¢etable oils requires three moles of alcohol stoichiometrically.
and 15-16 carbons. Its high degree of unsaturation is responsiblewever, transesterification is an equilibrium reaction in which
for the drying properties of the oil. Linseed oil has lower heatingxcess alcohol is required to drive the reaction close to comple-
value (LHV) of 39.75 MJ/kg(dry). The comparison of the prop- tion. Fortunately, the equilibrium constant favors the methyl esters
erties of linseed oil and diesel oil is given in Table 1. such that only a 5:1 molar ratio of methanol: triglyceride is suffi-
cient for a 95 percent—98 percent yield of ester. It might be an-
ticipated that in such an equilibrium system, the observed phase-
separation of the by-product, glycerol would play a major role in
. achieving conversions close to 100 percent. Various catalysts
Engine System were tried for the process of transesterification by several earlier

Nearly all agricultural tractors, pump sets, farm machinery, andsearchers, e.g., magnesium and calcium oxides and carbonates,
transport vehicles have DI diesel engines. With a view of intrdasic and acidic macro-reticular organic resins, alkaline alumina,
ducing biodiesel to such systems, it is appropriate to mention herease transfer catalysts, sulfuric acid, P-toluenesulphonic acid,
that if these engines run over long periods with vegetable oils, and dehydrating agents as cocatalj&2&|. Catalysts reported to
mixtures of diesel fuel with a high content of unmodified vegbe effective at room temperature were alkoxides and hydroxides.
etable oils, deposits get formed on several engine parts, whithe chemical reaction of the transesterification process is shown
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below.

Table 2 Various characterization properties of biodiesel and

0 diesel
Il Properties ASTM Linseed | Diesel | LOME 20%
CHz-0-C-R! CH:-OH TestNo. | oil oil Biodiesel | biodiesel
| 0 i o 0 blend
L A e o o | |
ravi . k 2 X »
CHO-C-R + 3RIOH <>  CH-OH + RIOCR' + R'OCR? Viscgsity (4o°C) | Da4s | 2393 | 306 | 359 320
' 0 | 0 Viscosity (100°C) | D445 | 6.00 105 | 116 132
I I | Il Flash point (°C) D93 186 76 172 128
CHz-O-C-R? CHz0H + R‘OCR? Pour point (°C) 16 -5 -16
Aniline Point (°C) 69 83 73
Triglyceride Alcohol  Glycerol  Esters Diesel Index 5310 | 55.14 54.29
Cetane number 50 52 5t
R!, R?, R® and R represent various alkyl groug®3]. For Sulfur (opm) D129 | - 2500 | 50 2000
methanolysis, two distinct phases are present as the solubility| Ash Content (%) D482 0.01 0.002 0.008
the oil in the methanol is low. The reaction mixture was stirre| Calorific ~ Value | - 43800 1} 40374 | 43200
vigorously. Optimum reaction conditions for the maximum yielé (KI/Kg)

of methyl esters were found to be 0.8 percéygtsed on weight of
oil) sodium methoxide catalyst and 67 percent excess methanol at

room temperature for 2.5 hours. Glycerol phase separation w,

very small or did not occur when less than 67 percent of th@%oC and 100°¢; flash point, pour point, aniline point, cetane

theoretical amount of methanol was used. There are some alteﬂ?'g{-;}gezr’ calorific value, etc. The results obtained are shown in

tive methods available for the process of esterification. An alter-

native reactive substance is sodium hydroxilaOH), which is the density of linseed oil and the LOME; i.e., neat biodiesel has

h but it i high tion t 7eaC) and e . ; e ;
grc?gl?ceers : lljsgelgéjslr%sy_z:)rolgu;r rAegcf;(r)naser;g(:aiﬁs corzcaerr]neda gost similar density to that of diesel. Neat biodiesel was mis-

reacts at room temperature and the by-product, potassium sulfsd le in any proportion with that of mineral diesel oil. The opti-

can be sold as a fertilizer. Methanol is then removed by distillg-"fed blznd_lo; biOdi‘;.se* has density velrl)(/)cccl:ose of die_:,jel Oi(!j'. |
tion to raise the flash point of the ester produced. All traces of -NS€€d oil has a higher viscosity at compared to diese

methanol, KOH, free fatty acidé"FA), chlorophyll, etc., go into oll. This property of linseed oil makes it unsuitable for direct use

the glycerin phase. Glycerin is processed in two stages. The ﬁp%tCI engines. By converting linseed oil into its methyl esters, the

stage glycerin of 90 percent—95 percent purity is further esterifi&fcosny comes down closer to diesel oil. The diesel oil viscosity

to 98 percent purity in the second stage. The transesterificatigr’ormally between 3 and 4 cSt at 40°C and it varies depending
plant requires 50 kW per ton of ester produced. Energy required pon its constituents. Thus fuel oil, which has viscosity within this

production of glycerin accounts for 60 percent—70 percent of thgnde, does not pose any handling problems to the fuel handling
total energy used. systems in the existing diesel engines. Hence, no hardware modi-

The molecular weight of linoleic acid (GH,COOH) in lin- fications are required for handling this fuel in the existing system.

seed oil molecule is 278. This is also confirmed by the CHN%h.e viscosity at 100°C of biodiesel also closely follows diesel oil.
analysis and infrared spectroscopy. The molecular weight pls property makes it suitable for fuel use in the existing engine
methanol (CHOH) is 32. Linseed oil contains 9.40 percéh8:0) Systems. . . ) .
saturated linoleic acid, 20.2 percetit8:1) unsaturated linoleic . The ﬂE.“Sh p0|nt. of !lnseed oil was Iowgred after Fransestenﬁ_ca-
acid, 12.7 percent18:2) unsaturated linoleic acid, 53.3 percenfiOn Put it was still higher than diesel oil. Fuels with flash point
(18:3 unsaturated linoleic acid. Thus linseed oil contains 95%bove 66°C are regarded as safe_. Thus, biodiesel is an eXtremEIV
percent total linoleic acifi24]. The density of linseed oil is 0.935 safe fuel to handle compared to diesel oil. Even 20 percent biodie-

and methanol is 0.80. Every liter of linseed oil requires 643 mi ¢! Plend has a flash point much above that of diesel oil, making it

methanol. For esterification in laboratory, 2 liters of linseed oft .pre.ferable choice as far as safety is concerned. Pour point is a

was heated up to 70°C in a round bottom flask. 16 g of KOH waditerion used for low temperature performance of the fuels. Pour
dissolved in 1286 ml of methanol in a separate vessel, which V\Bg'm anaIyS|s_ result_s _suggest that the_ performance of biodiesel is
poured into round bottom flask while stirring the mixture continu’g‘sgOOd as dlesel O'fl llar'] ‘fj(.’ld slufrrolundmgs. ated usi |

ously using constant stirring mechanism. The mixture was stirred"€tan€ number of biodiesel fuel was evaluated using an alter-

and maintained at 70°C fdL h and then allowed to settle undernative chemical methoq. _This methéahiline point metho_)iwas
ég;t tested for determining the cetane number of diesel fuel,
t

The process of esterification brings about a drastic change in

ravity in a separating funnel. About 2.3 liter of ester separat
g y P g P ose cetane number was already known. The cetane number

from 230 mi glycerol and formed the upper layer in the separati aluated by this method and the cetane number given by the fuel

funnel. The separated ester was mixed with 250 ml of hot wa ; - - e
and allowed to settle under gravity for 24 h. The catalyst g ppller_matched and this es’gabllshed the precision of the method.
Ben this method was applied to determine cetane number of

from this purified ester using silica gel crystals. The ester was th d|e§¢I fuel._ln this method, a”"'”ei IS us_ed as areagent to evalu-
blended with petroleum diesel oil in various concentrations f(?re:.amllne' points for these fuels. Diesel index is calculated using
preparing biodiesel blends to be used in Cl engine for conducti@“ne point and API gravity. The calculated values of diesel

dissolved in water, which was separated. Moisture was remov

various engine tests. The level of blending, for convenience '[dex are given in the table. The diesel index is three units higher

referred as Bxx. The xx indicates the amount of biodiesel in pefi2n cetane number. These results reveal that biodiesel has a
centage in the blen(@.e., a B20 blend is 20 percent biodiesel ane(]g'gher cetane number than_ petroleum du_asel oil. Even 20 percent
. lend of biodiesel showed improvement in cetane number. Thus,

biodiesel is an attractive fuel by combustion and knocking point

of view and it can be used as a cetane point improver. Even lower

Biodi | Ch o concentrations in the range of 3 percent—5 percent of biodiesel
lodiese aracterization blended with diesel are found to improve cetane number of diesel
Several tests were conducted to characterize biodiesel in retél-by various researchers.

tion to diesel oil in order to evaluate various physical, chemical, Benzoic acid was used as a reference fuel to determine the

and thermal properties such as density, API gravity, viscositalorific value of biodiesel and linseed oil. The results of the tests

80 percent diesel 9il[25].
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conducted on various fuels using Bomb calorimeter are giveni 3
Table 2. The residue left after combustion of diesel oil in the
crucible was in the form of black carbon ash pellgtsarcoal like

foamy substange The quantity of such a foamy charcoal like ash
substance was very low in case of LOME combustion. This typi-—.
cal observation points out lesser ash content and cleaner combi= 20
tion characteristics of LOME. This fact was subsequently sup g
ported by the engine emission tests. K]

¥ (%

1

£ 15- .

E ~—4— 5% Biodiesdl
Engine Tests —— 15% Biodiesd

A series of exhaustive engine tests were carried out on Cl er 51 —¥— 20% Biodiesdl

gine using diesel and biodiesel blends separately as fuels at 15 —— 5% Biodiesal
RPM. The experimental data generated were calculated, present g : , : : ‘
through appropriate graphs. Performance and emission test w 0 1 2 3 4 5 6 7
conducted on various biodiesel blends in order to optimize th
blend concentration for long term usage in Cl engines. This tes BVEP (10' NV

was carried out on an engine, which has already been subjected to
preliminary run-in. This test is aimed at optimizing the concentrd=g. 1 Comparison of thermal efficiency vs. BMEP curves for
tion of ester in the biodiesel blends to be used for long terfAwer concentrations of biodiesel
engine operation. To achieve this, several blends of varying con-
centrations were prepared ranging from 0 per¢Bieiat diesel ojl
to 100 percentNeat biodiesglthrough 5 percent, 10 percent, 15Comparison for Lower Blend Concentrations
ggrcent, 2? [%ircentE)lZBé)ercent,tiO perct?_nt,t4(c)i E[Jercerfn, 50 percenf,he various characteristic curves for lower concentrations of
percent. 1hese biends were then subjected to performance %‘aiesel blend are compared in Figs. 1-4.

emission tests on the engine. The performance data was then ana-
lyzed from the graphs recording power output, torque, specific ) . .
fuel consumption, and smoke density for all the blends of biodié<0mparison for Higher Concentration Blends
sel. The optimum blend was found out from the graphs based onThe various characteristic curves for higher concentrations of
maximum thermal efficiency and smoke opacity considerationspiodiesel blend are compared in Figs. 5-8.

The major pollutants appearing in the exhaust of a diesel engineThe trend of the thermal efficiency curvésig. 1 and Fig. 5
are smoke and the oxides of nitrogen. For measuring the smags generally improved by mixing biodiesel in mineral diesel oil.
opacity, Hartridge Exhaust smoke-mef@nodel No. APM 700 The thermal efficiency of the engine is found to improve by in-
M), was used. Hartridge smoke meter consists of two identicéleasing concentration of biodiesel in the blend. The possible rea-
tubes, a smoke type and a clean air tube. A pressure relieve vadgdis may be more complete combustion, and additional lubricity
allows a regulated quantity of exhaust through the smoke tulif. biodiesel hence, with increasing amount of biodiesel, the fric-
During smoke density measurements, a light so@&W bulb  tional horsepower losses in the engine follow a declining trend.
at one end of the smoke tube projects a light beam through smokgditional experiments were conducted to determine the addi-
which at the other end falls on a photoelectric cell. Clean air tuli@nal lubricity aspect of biodiesel fuels. A series of experiments
is used for initial zero setting. Of the light beam projected acroggere conducted to compare lubricity of various concentrations of
a flowing stream of exhaust gases, a certain portion of light iSOME in biodiesel blends. These long duration non-engine tests
absorbed or scattered by the suspended soot particles in the\g&re conducted employing reciprocating motion in SRV optimol

haust. The remaining portion of the light falls on a photocellvear tester in order to evaluate the coefficient of friction, specific
generating a photoelectric current, which is a measure of smoke

density. A micro-voltmeter is connected to the photoelectric cell
with its scale graduated 0-100, indicating the light absorbed in .
Hartridge Smoke Meter unit. Zero reading corresponds to r
smoke (clean aij, whereas 100 reading refers to dense smok x
which allows no light to pass throudi6]. 06+ "
The brake specific fuel consumption is not a very reliable p¢
rameter to compare the two fuels as the calorific value and tl g/
density of the blend follow a slightly different trend. Hence brak
specific energy consumption is a more reliable parameter for coig
parison. However this parameter is also compared in the pres:
study to compare volumetric consumption of the two fuels. For e
optimum biodiesel system, the blend concentration has been ¢ o3{ =~ #--DesdCi
termined based on the following performance and emissio® | —&—5%8odesd

related_ parameters. o 2] —&— 10%8odess
Virimum brake specific energy consumpion T i
Better smoke opacity values 01 7 Bodess
Lower frictional horsepower ~—8— 259%Bodesd
Based on these parameters, the curves were compared to base 0 T T T T r :
diesel curve in two separate groups in order to optimize bler 0 1 2 3 4 5 6 7
concentration. In the first group, lower concentrations up to 2 BVEP(10'NM)

percent were compared with that of diesel oil and in the second

group, higher concentrations from 30 percent to 100 percent wegig. 2 Comparison of BSFC vs. BMEP curves for lower con-
compared to that of base-line data. centrations of biodiesel blend
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Fig. 3 Comparison of smoke opacity vs. BMEP curves for Fig. 5 Comparison of thermal efficiency vs. BMEP curves for
lower concentrations of biodiesel blend higher concentrations of biodiesel blend

thermal efficiency means, better and complete combustion and
wear rates etc. The extent of the damage, coefficient of frictidesser amount of unburned hydrocarbons in the engine exhaust
and specific wear rates were found to decrease with increasetios improving smoke opacity values.
percentages of LOME in the biodiesel blef&7]. These tests on  The molecule of biodiesel, i.e., LOME, contains some amount
SRV optimol wear tester for quantification of lubricity reflectecbf oxygen that takes part in combustion and this may be a possible
that the biodiesel lubricating fluids show lower coefficient of fricreason for more complete combustion. The oxygen molecule
tion hence lower frictional losses in diesel engines. present in biodiesel molecular structure may be readily available

This reduction in frictional losses is also reflected by the déder oxygen. However, it was noticed that after a certain limit of

creasing trend followed by unaccounted losses, which can be miadiesel concentration, the thermal efficiency trend is reversed
ticed from the heat balance sheets for various concentrations. &l it starts decreasing. This behavior of biodiesel fuel needs
energy saved by decrease in frictional horse-power makes adativanced investigations.
tional contributions towards useful energy, cooling losses, andAn important observation is that all the blends have a higher
exhaust losses. This reflects in increased thermal efficiency, codlermal efficiency than the baseline data of diesel fuel. A graph
ing losses and exhaust losses. It is evident from the graphshbgftween the concentration of ester blend and improvement in peak
exhaust temperature vs. BMEPIg. 4 and Fig. 8that the exhaust thermal efficiency for various concentrations of biodiesel blend is
gas temperature is also increasing along with thermal efficiencygistted in Fig. 9.
a function of blend concentration initially. Smoke opacity for This graph reflects that ester blend with concentration of 20
biodiesel blendg¢Fig. 3 and Fig. Y is also noticed to be generally percent gave maximum improvement in peak thermal efficiency.
lower than that of diesel oil. It also repeats the trend followed byhese observations were taken six times and there was hardly any
thermal efficiency curves. There are two main reasons: the higliiference in the values of the performance and emission param-

eters calculated. However, in order to minimize any experimental

inaccuracies that might have got in, the average of the six readings
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Fig. 4 Comparison of exhaust temperatures vs. BMEP curves Fig. 6 Comparison of BSFC vs. BMEP curves for higher con-
for lower concentrations of biodiesel centration of biodiesel blend
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were used for calculations. This blend of 20 percent also gave
minimum brake specific energy consumption and minimum
smoke opacity. Hence this blend was selected as the optimum
blend for further investigations and long-term engine operations.
Long-term endurance test was conducted with 20 percent biodie-
sel blend and diesel oil on two similar engines. For diesel fuel, the
most important pollutants are smoke and ,N@nce the optimum
biodiesel concentration is also subjected to evaluation of NO
emissions.

From the NQ curves given in Fig. 10, two important observa-
tions were made. First, NOemissions are a direct function of
engine loading. This is expected because with increasing load, the
temperature of the combustion chamber increases anddi@a-
tion is a strongly temperature dependent phenomenon. Second
important observation is that the N@missions in the case of
biodiesel fuel are higher by approximately 5 percent. These higher
NO, emissions may be due to higher temperatures of the combus-
tion chamber using biodiesel. This is also evident from higher
exhaust temperatures from the biodiesel-fueled engine.

The NQ, emissions from B20 fueled diesel engines were found
to be 2 percent higher than conventional diesel oil according to a
report on biodiesel from National Biodiesel Board of [UH. In
our study, 20 percent biodiesel blend gave 5 percent highgr NO
emissions. This difference may be because of difference in engine
geometry and compression ratio. The B20 is also reported to pro-
vide additional lubricity compared to conventional fuels and dem-
onstrate similar fuel consumption, horsepower and torque, as
petroleum fuel [1]. The present study also demonstrated
similar results and is in full agreement with the findings of these
researchers.

The long-term endurance test for constant speed engines was
performed after the performance tests were carried out as speci-
fied in the Indian Standard Code “IS: 10000, part VIII-1980,”
“Methods of tests for internal combustion engines: Part VIII Per-
formance tests.” After the completion of performance tests, two
similar engines were operated using two different fuels for 32
cycles(each of 16 h continuous runningt rated speed. The test
cycle followed is specified in the Table[25].

At the end of each 16-h cycle, both the engines were stopped
for necessary servicing, and minor adjustments were carried out in
accordance with the manufacturer’s schedule, e.g., tappet settings,

Table 3 Test cycle for long-term endurance test

Load (% of rated load) Running time (hours)
100 4 (including warm-up period for 0.5
hours)

50 4
110 1

No load (idling) 0.5
100 3
50 3.5
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and make up oil addition. The amounts of make up oil used durirdly better than the diesel-fueled engine in terms of thermal effi-

the test were used to establish the lubricating oil consumptiaiency, brake specific energy consumption, smoke opacity, wear

rate. The lubricating oil samples were collected from the engine$ vital components, and exhaust emissions for entire range of

after every 128 h for conducting various tribological studies. operations. It was conclusively proved that self-lubricity of
The long-term endurance test suggested that biodiesel fuel db€&ME in biodiesel played a key role in engine performance.

not have any adverse effect on wear of various vital moving pamsodiesel is proved to be a potential candidate for partial substi-

of the engine. The problems which were present in long tertate of mineral diesel oil.

operation of using unmodified vegetable oils as fuel such as in-
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