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Abstract. . On a day it is a general agreement on the need to replace transportation fossil fuel for renewable one in
order to reduce emission of greenhouse gases. Among available alternatives, there is ethanol, DME and biodiesel
where the last onefits better to compression engine. Government and environment agencies wish spread the use of pure
biodiesel to reduce carbon emissions, but engine manufacturers do not know how it impacts on engine performance and
long term maintenance, therefore, on their guarantee. Furthermore, little information exists in the literature on
compression engine performance running on pure biodiesel. This paper show performance and wear evaluation
obtained from compression engine operating with pure biodiesel (B100) obtained from palm oil through
transesterification with anhydrous ethyl alcohol. The tested engine was an indirect injection coupled to an electric
generator, getset, (with injection pump VE type, 2.6 liters, compression rate of 22:1 and outcome power of 28 hp (20
kVA). The getset was instrumented with sensors for measuring species concentration in the exhaust gas, admission air
and coolant temperature, fuel temperature and its mass flow rate as well as monitoring generator electric parameters.
Figures present here came from the preliminary test with 100 operation hours divided into 50 hours running on diesel
fuel and 50 hours running on pure biodiesel, both held on same load conditions (nominal load). After each 50 hours,
the engine was open for visual inspection seeking signs of soot formation and residues, for dimensional cylinder,
pistons, bearings and piston rings control aswell aslubricant control. Asfar asthe experiment has gone, no drawbacks
was found as difficulty on cold or hot start, lubricant degradation, carbon accumulation on components exposed to
combustion neither excessive wear beyond those expected for the operation time and load conditions. On the other
hand, fuel stability composition has been an issue.
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1. INTRODUCTION

On a day is a general agreement on the need tmceephnsportation fossil fuel for renewable oneriter to reduce
emission of greenhouse effect. Among availablerstéses, there is ethanol, DME and biodiesel wiileedast one fits
better to compression engine. Government and amvieat agencies wish spread the use of pure bidd®seduce
carbon emissions, but engine manufacturers do nowkhow it impacts on engine performance and logrgnt
maintenance, therefore on their guarantee. Furtbrernfittle information exists in the literature oompression engine
performance running on pure biodiesel. In Brazanyworks in this direction have already been dmped by research
institutions and by private companies using variolesded biodiesel derived from several seed odoybeans, castor
and palm oil. However, the literature shows thasthworks aims on experiments with low percentddeodiesel in
diesel and, in this case, the vegetable oil adisasan additive to the main fuel, the diesel.

A coordinated Program from Federal government wingl research institutions and private companieaethPro-
Biodiesel (Tests and trials to validate the us®bfbiodiesel blends in engines and vehicles) peréa two sets of
engine tests with biodiesel blend: one with a dyoaeter coupled to the engine and another usingiblenengines of
a dedicated vehicle fleet, using biodiesel derifveth soybean and castor oil, in proportions randiog 2% to 100%.
Test vehicles adopted mainly B5 (5% of biodieselj also B20 (20% of biodiesel) derived from soybaad castor.
Dynamometers tests began with B20 (20% of biodigeat soybeanyvith increments of 10% up to B100 and varying
the load from O up to 100 %( 0%, 25%, 50%, 100%ndmometer results showed that, for B5, a smatkese up to
1% in power and 0.7% in torque and for B100, a ¥¥rehse in power and 8% decrease in torque wenel faen
operating with B100, both under maximum load. Relatith test vehicles, they were drove through Q0@ km and at
the end no abnormal wear was found that could becésted with the use of biodiesel and was noteallsamount of
small carbon deposits in some components. Relaiéd emissions always having diesel emission asresfi,
biodiesel operation had a reduction on CO conceotraf 5% and 8%. HC concentration increased ertinge of 5%
and 7%. NQ concentration also increased up to 4%. Specifit G@nsumption raised as the biodiesel concentratio
grows, ranging from 1.6% up to 10%.

As one can see, experiments previously done didfaoots on use of B100 neither paid attention omtegty
generation. To cover such gap, Eletrobras sponsomesearch on biodiesel production through traesésation of
palm oil with ethyl alcohol as well as its energeatharacterization and engine-generator set upséjeperformance
under electric point of view doing long term runOQB). This article reports preliminary results firtO0 h) on
evaluating performance, wear and emissions of apoession engine operating with B100 derived fronmpail
through ethyl route.



Proceedings of COBEM 2011
Engineering
Copyright © 2011 by ABCM

2. MATERIALSAND METHODS

21" Brazilian Congress of Mechanical Engineering

October 24-28, 2011, Natal, RN, Brazil

2.1. Fuels Char acterization: biodiesel from palm oil and diesel.

The biodiesel used in this experiment was proddiced palm oil through transesterification via ethyloute in the
laboratory of the Chemical Engineering College BPH. Table 1 shows biodiesel and diesel fuels ctarzation data
provided by the Biomass Characterization Laborataty Mechanical Engineering College, UFPA. Additiona
information on the B100 and diesel can be obtain@OGUEIRA (2008) and ROUSSET (2008).

Table 1. Physicochemical properties and EnergyldfBfor palm oil and diesel.

PROPERTEY B100 OF PALM OIL | DIESEL

C [%)] 78.93 85,8(

H [%] 13.4E 13,5(
Ultimate analysis| O [%] 3.0C 0

N [%] 3.2E 0

S [%] 1.37 1.3C
Gross heating value [MJ/k 33.11 42.2
Net heating value [MJ/k 30.1E 39.2
Densitykg/m’] at 25° ( 861.2E 83¢C.7
Water content [ppn 56 | -
Acidity index[mgNaOH/g 04t | -
Index soap [ppm at 60" ¢ 45¢

at 80° ( 4.86¢
Flash point [°C 162 60
Viscosity (a 60° C) [c] 8.54 21

Source: Laboratory of Biomass characterization. BBMFEM/UFPA
The lower calorific value was calculated using Bae (1):

my

NHVp,e = GHV — 9 -

) hlV (1)

Meyel
where: GHV is the gross heating value provided ai.T1),my is the hydrogen mass contained in fuglg is the fuel
mass andh,, is the water enthalpy of vaporization, which defgeon water vapor pressure (adopt 1 atm).
Table 1 shows that biodiesel of palm oil has NHVaHer than diesel and that biodiesel density igéighan the
one of diesel. Using Eq. (2) is possible evaludtéckv one has more energy considering a constanmel(such as a
drop size).

39.2X839.7
30.15x861.25

Egiesel
EB100

_ NHVgjese1XPdieselXV __

NHVB100XPB100%XV

=127

It means that, in volumetric basis, diesel fuel A% more energy than B100. In the compressiomendi means
that at each injection, diesel will deliver 27% m@anergy than B100 therefore is expected thatrilggne running on
diesel has specific fuel consumption (SFC) 27% km#ian the palm oil.

Another interesting point to observe on Tab. (ih& palm oil biodiesel contains sulfur, at simtantent as diesel
and also contains moisture. Moisture reduces th¥ HRd sulfur causes S@roduction, which drives to corrosive
species.

B100 viscosity is four times bigger than diesel aedpite the flash point is bigger, it is far Idwe ttemperatures
inside the combustion chamber.

2.2 Experimental appar atus

The engine chosen to run B100 was an indirecttiojecompression engine, with VE type injection 2.6 liter,
compression ratio of 22:1, output power of 28 h@ K¥ A) manufactured by Hyundai. This engine worksigled an
electric generator three-phase 20 kVA, 220V and,4f@Aming a genset provided by Stemac, Fig. (1)nitooed
through a control panel equipped with a programmédbdic controller. Figure 1 shows the generatof'SiEmac"
installed in research labs, fully instrumented dusethe development of research.

Electricity generated through the genset was disstpwith a set of battery of resistances withl twdigacity of 53
kW, regulated to run with 15 kW/220V. Electricalr@aeters (current, frequency and voltage) were oredswith a
SAGA 4500, model 2382-4B manufactured by Landis+@gruracy ranging between 1% and 2%).
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Fuel volumetric flow rate was measured with a flasten “flow-pet” Oval M Il model LSF40, operating ithe
range from 0.3-6 L/h, precision of +3% and maximymmessure of 0.49 MPa, connected to a digital dyspla
manufactured by TechMeter, which has a range afatiea from 0-3 L/h, volume/pulse of 161 mL/pulselaoutput of

4-20 mA.

1/05/2010

Figurel. Stemac 20 kVA genset

Exhaust gases composition was monitored with Tetrgees analyzer by Telegan monitoring CO emissiothé
range of 0-10,000 ppm, resolution of 1 ppm and @muof + 0.01%(<0.1); N@in the range of 0-1000 ppm,
resolution of 1 ppm and accuracy of + 5 ppm (<1pfhpand S@in the range of 0-2000 ppm, resolution of 1 pprd an
accuracy of + 5 ppm (<100 ppm). Exhaust gas, intakeand coolant temperatures were measured witke th
thermocouples “K” type, with maximum reading of D2G.

These above parameters, except concentration, fokogved and recorded on line (software adopted wiees
DagFactory by Azeotech) using a data collector hma@82 manufactured by CONTEMP with 8 ports, inputrent
from 0 to 20 mA, reading accuracy of + 0.3% - 283ding in 170 ms/8 channels, communication pordB% and
protocol modbus RTU. Microsoft Office Excel 2007 smased to treat the data collected, determining $pecific
consumption and plotting of graphs.

Engine cylinders wear were evaluated measuring teéng dial gauge with precision of 0.01 mm ananugter
comparator with range from 50 mm to 150 mm, martufad by Mitutoyo.

The apparatus used in conducting the tests isideddn the scheme of Fig. 2.

Vibration attcnuation of
the flow of fuel
Diesel Tank
Return pipe
Flowmeter IJ_!_
Fuel filter
engine N .
Filter Filter Diesel Engine
N
Jalve & ralve B
Globe Valve iy Globe Valve PaX e
Computer !
Totalizator D.nt‘a A A
aquisitor ' '

Figure 2. Test bench schema used in conductintptte
2.3 Experimental method

All tests were done using only B100 and data wergiiged after the genset achieve steady state eedimgine
starts up without electric load and stays in idiadition up the coolant temperature be steady. Thergenerator was
switched on and electric load caused by the batémesistance was gradually increased (50%, 75%0@260) at
intervals of five minutes. Once the genset waslataperating at 1800 rpm (60 Hz) at its maximunrcteieal output
(14.3 kW) data acquisition began with electricalapaeters (voltage, current, power and frequenoyipwing by the
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fuel volumetric flow rate as well as intake airhaxst gas and coolant temperatures. Exhaust ggsesaias collected
and its composition analyzed at every 15 minutepeEments were executed continually from 9:00 Aibt00 PM.
After 50 hours of operation with diesel fuel undeaximum load, the engine was disassembled for sisagnd
cleaning, assembled and run for another 50 houtts thve B100 under the same loading conditions. rAftat, the
engine was disassembled again and another evaluatie done, similar the previous one described. f2oison on
diesel fuel and B100 was seek to relate solid cadmrumulation and wear conditions for cylindeiistgms, piston
rings, bearings and engine crankcase.

2.4. Mathematical formulation
The equations presented below were used to préeessformation collected and produce conceptdtferanalysis

and presentation of results of tests on the gemrerat
The mass flow of fuel was determined using the(EQ.

mfuel = quel X pfuel,859C (2)

where Q¢ is the volumetric flow of fuel measured by Flowpedr 1 gsoc is the fuel density at 85°C obtained from
Table 2.1. Thermal power was quantified using tlassrflow rate and LHV obtained from Tab. 2.1 thioég. (3).

Pt = LHVfuel X mfuel (3)

Specific fuel consumption, SFC, fuel mass flow wiagded by the electrical power measured with SAGZ00
analyzer.

Thfuel

SFC = =2 ()

Equivalence ratio was evaluated using Eqg. (5).

Thfuel/
Mair

Mfyel (5)
( ¢ /mair>st

Me/My; IS the mass ratio between fuel and air flow ratégquation denominator is the same ratio but at
stoichiometric conditions. The mass of air was geieed through measures of a manometer and atBietinstalled
in the admission tube of air. The stoichiometricsmeatio between fuel and air was evaluated usifoymation from
ultimate analysis (Table 2.2)

® =

3. RESULTSAND COMMENTS
3.1 Engines per for mance evaluation
Table 2 shows the operating conditions of the gepetaken during testing for this paper.

Table 2. Operating conditions of the generatotHerpaper.

CONDITIONS OF OPERATION OF MOTOR AND GENERATOR

Motor speed [rpn 180(

Coolan temperatur engin¢ measure on the hea[° C] 96+ 2
Load regime applied to the engine 10C

Fue B100 of palm

Fuel/air ratit 0.05(

Stoichiometric ratio (fuel/ai 0.06¢

Equivalenc ratic [D] 0.74¢

Effective powe at the generator outf [KW] 14.%
Electric output frequen: [Hz] 60

Results after 50 hours of operation on both fubtsred that the average specific fuel consumptiodiegel was
297 g/kwWh and the SFC for B100 was 330 g/kwWh, nreaah increasing on B100 SFC of 10% therefore aedsing
in performance in the same percentage. Figure &slaocomparison between the SFC for the engineatpgrwith
B100 and diesel as function of time.
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Figure 3. Specific fuel consumption as a functibtiroe.
Table 3 shows a comparison between diesel fueBa00 from palm oil (via ethylic route).

Table 3. Engine Performance analyzed using spexfisumption in operations with diesel and B100

diese | palm oil biodiese

Specific consumption(arithmetic average) [g/kW97 330
Standard deviation [g/kWh] 1.3 0.84

Item 2.1 described that, in volumetric basis, didstiver 27% more energy to the engine at eachirfijection than
palm oil B100 driving to an expected lower SFCdarsel compared with palm oil biodiesel 27% loviable 3 result
shows that measured SFC for diesel only 10% smiiléer palm oil biodiesel indicating a better contlmmsfor palm
oil biodiesel perhaps due to an easier evaporatidnigher rate in chemical kinetics. This needsddetter analyzed.

3.2 Wear evaluation.

Visual inspection and dimensional control realipednternal components, feeding and lubricatioriesys showed
no wear on moving metal components such as pistgtisders, piston rings and bearings that could$mociated with
the use of B100. However, operation with B100 shbaseslight increasing in the wastes solid accuraraif solid at
pistons head and valves and, the most inconverigitfilter clogging. It was not noticed visuallgrmation of lees in
the lubricant neither in the oil pump, lubricaticmannels and crankcase.

Figure 4a shows residue buildup on the cylinder near valves area after diesel operation and Figafter
operation with diesel plus biodiesel. A small irasi|g on residue accumulation due B100 operatinrbeanoticed.

Figufe 4, (a) left, residue on head when operatiitiyg diesel. (b) right, residue on head he;]

% 4

ofegatith B100.

Table 4 shows the values for ovality, taper andrelece between piston rings measured at 2nd englimeler in
comparison with expected wear presented after tperaith diesel and B100.

Table 4. Data ovality and taper in the cylinder algdrance between piston rings.
A) Max allowed

after diesel| after B10

value
Ovality of the cylindelfmm] 0.01 0.01 0.046
Tape of the cylinderfmm] 0.02 0.02 0.091

Clearance between piston rii-1° ring compressio [mm] 04E 05C | -
Clearance between piston ri-2"? ring compressio [mm] 0.5E 06 | = -
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Visual analysis made at the fuel filters installerfore the flow meter showed significant waste audation after
B100 operation and not observed during diesel d¢jperalhe reason may be related to biodiesel siratinstability
that produces solid after some storage period.hBurstudy to understanding the causes has beereccaut by
Chemistry group. The overcome this problem beforilaexplanation is obtained, biodiesel pre-hegtinill be
adopted to assure that all solid are turned imoidi before flow to the inlet system. Figure 5a &gl 5b show the
difference in fuel filter contamination after 50ure operating with the diesel and with the B108peetively.

Figure 5. (a) left, fuel filter after 50h of diesgderation. (b) right, fuel filter after 50h of Bl@peration.

3.3 Emissions evaluation.

Two species were monitored for diesel fuel and Ba&iin oil: carbon monoxide (CO) and nitrogen oxi{le€y).
Figure 6 shows lower CO emission for biodiesel thiasel. It is worth remember that the presenc€®fin the
exhaust gases indicate a waste of fuel energye $ireflects incomplete combustion. The low lev&i<O perceived
in the B100 exhaustion indicates a better combugtistifying the efficiency gain described at tmel ef item 3.1. CO
concentration operating with B100 is 25% less thaerating with diesel.

CO emission X Time
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— 003
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E o0 |\
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5 10 15 20 25 30 35 40 45 50
Time[h]

Figure 6. Carbon monoxide emissions as a functidime.

Figure 7 shows NOemission for diesel and B100. Remembering thatOBifs nitrogen in its composition and
diesel does not have, it is supposed to expect MGxecoming from B100. Figure 7 shows just the oppodstE00
produced less NQconcentration than diesel, approximately 10% Igxse Tab. 5). NQproduction depends on
nitrogen availability, maximum gas temperature dhd time that the gases stay above the trigger dmtipe.
Therefore Fig 7 indicates that diesel producesdrigemperatures than B100 and keeps such tempetdagirer longer
than B100.

Figure 8 shows exhaustion gas temperature for faetls as function of operation time. There, exhansgases
from biodiesel achieved higher temperature thaselliGapp. 3.5%). Exists for engine exhaust tempegadn inverse
relationship between the maximum temperature inidecombustion chamber and the temperature mehsatirthe
exhaust manifold. Therefore B100 had a maximum &gatpre within the combustion chamber less thandtasel
(what justifies the reduction of N@mission). A possible cause for this phenomenon lbeaassociated with B100
larger ignition delayed compared with diesel.

Table 5 shows the arithmetic average for emissamkexhaust gas temperature after diesel and BL80 hour
test.
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Figure 7. Nitrogen oxides emissions as a functioimee.
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Figure 8. Temperature of gases exhaust as a fanatiime

Table 5. Temperature of exhaust gases and emissfi@noperation with diesel and B100

OPERATION WITF | OPERATION WITF
DIESEL B100
TEMPERATURE OF THE EXHAUST°C] 282 292
STANDARD DEVIATION [°C] 1.47 2.34
Carbon Monoxid- CO [%)] 0.02¢ 0.021
Nitrogen oxides- NOx [ppm] 74¢ 671

4.0 CONCLUSIONS

From the functional point of view, the engine batthvery well in operations with B100 in comparisath diesel
operation. B100 did not have trouble on cold ant dtarts or even failure during operation. As foe results of
performance assessments, wear and emissions, veEan®0% increase in specific fuel consumptioangfine in the
operation with B100 compared to diesel operatiomslered a positive result, since the energy coedain the B100
is 27% lower than in the diesel, which demonstr#ites the B100 has easy vaporization and goodamtehemical
kinetics.

In the evaluation of internal engine componentsclamkshaft, cylinders, piston rings and bearingas not
observed significant increase in wear that couldatiebuted to the use of B100. However, it wasiasat a slight
increase in solid waste on the cylinder top. Filedrfpresented the most concern problem whichaiteimulation of
fatty material after 50 hours of operation with B1&uch problem was attributed to the B100 thefinsahbility.

The emissions analysis showed B100 with 25% redlmdgti CO and 11% reduction of NOCcompared with the
levels shown during diesel operation, which showetéer performance for biodiesel from palm oithie combustion
reactions.
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Despite this preliminary result is optimistic, s pointed out some concern that must be verifie@ evolution
during the remaining 500 hours of operation thatEketrobras project requires.

5.0 ACKNOWLEDGEMENTS

The authors thank the following institutions andspes:

1. The Federal University of Para, by the hosting jprainote the development of this search e paper;

2. The Eletrobras, by the funding of project this ezsh;

3. The Eng. MSc. Hendrick Maxil Zarate Rocha, by thpporting the instrumentation of the test bench and
configuration in the software.

6.0 REFERENCES

Nogueira, Manoel F. M., UFPA, FADESP. Projeto: Eitizacdo de Motores Diesel para consumir Olecetégn
Natura, February 2008.

Nogueira, Manoel F.M., Rendeiro, Gongalo, et. Algntbustdo e Gasificacdo de Biomassa Sodlida: Solugbes
Energéticas para a Amazbdnia, MME, 2008.

Silva, Orlando C., Belchior, Carlos R., et. AL, bBbgeneration with Vegetable Oil in Communitiestlire Amazon,
November 2005.

Silvio, C.A., Belchior, Carlos, et. al, Guilhermi#ry. Performance of a diesel generator fuelleih ywalm oil, July
2002.

Testes e ensaios para validagcdo do uso da mistodéesel B5 em motores e veiculos. Ministério dénCia e
Tecnologia, Secretaria de Desenvolvimento Tecnotdgi Inovacdo-Brasilia: Ministério da Ciéncia e ricaogia,
2009.

Rousset, Patrick. Guia técnica para La utilizadien aceites vegetales. Centre de Coopération itiemate em
recherche agronomique pour Le développement — Ciavico Florestal Brasileiro — SFB. Brasilia 2008

7.0 RESPONSIBILITY NOTICE

The authors are the only responsible for the i@l included in this paper.



