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To improve the situation in the biofuels usage sphim June 2009 the Cabinet of
Ministers of Latvia accepted modifications to tHeefulations on petrol and diesel fuel
conformity assessment” that stated that from theflOctober 2009 the §5gasoline can
be distributed only with the 4.5 to 5% mixture dbdthanol. Such amount of ethanol
admixture does not adversely affect engine perfacmaand also does not require any
specific adjustments to the engine. This investigaexamines how the admixture of
bioethanol, which is higher than 5%, will affectasp ignition engine performance.
Unadapted car VW Passat with a 1.8 | petrol engiiibe operated with ethanol-gasoline
fuel mixtures, where the ethanol content reache® 5% of the total volume. The impact
of different mixtures on the engine power and tergunaracteristics as well as on the
exhaust gas temperature will be examined. Findhg, fuel consumption and exhaust
composition changes will be analyzed.

Bioethanol, fuel consumption, power, exhaust eoissi

Introduction

Biofuels as alternative energy source are one oftmogent topics
nowadays. Bioethanol is one of alternative fuehfawhich can be used in motor
vehicles apropos fossil gasoline and partially elie8videly usage of bioethanol
has achieved straight in spark ignition motor vigsicin such engines bioethanol
can be utilized in straight way as, for exampleBiazil, where clear undehydrate
bioethanol is used, or in mixtures with fossil dasn One of most used mixtures
of bioethanol-gasoline is E85, which consist 85% biadethanol and 15% of
gasoline. Such mixture fuels widely are used in Us#& Sweden as well in
Europe countries in especially for this purposejgmted and modified motor
vehicles (FFV). In many European countries, int. ial Latvia, mixture fuel E5 is
used, which consist of 5% admixture to fossil gasolAs often as not mark of this
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fuel is not specially marked out, but fuel is marles conventional fossil petrol. In
Latvia since October 2009 is passed a law whiclipt® compulsory demand for
all A95 gasoline fuels in market to spice with % bioethanol. In several
countries and regions mixtures with other relatdrbioethanol-gasoline are met,
which is provided to utilize in more or less espéigi modified spark ignition
engines.

As mentioned in F.YlUksel & B.YUksel investigatiorgasoline-ethanol
mixtures, which contain up to 20% ethanol by voluen be safely used without
causing any damage to the engine [1]. In spite iwlewpossibilities of use of
bioethanol, there are a line of unclear questiovtsich not at all makes better
situation in sphere of utilization of bioethanolimBle way how to exploit
bioethanol-gasoline mixture in motor vehicles istitize it in standard unmodified
motor vehicles. There arises a line of questiortichvare connected with impact
of used fuel on engine and elements of power systanges of fuel consumption
and exhaust gases operating on one or other kifisebhs well as impact of used
fuel on engine power and torque. In the same wasesrquestion: what is
maximum possible admixture of bioethanol in fuekimre, which is possible to
use in standard unmodified motor vehicle?

In order to establish known clarity in these qumsj there is performed
experimental study of standard spark ignition motehicle VW Passat, when as
fuel mixtures of bioethanol-gasoline (A95 or EO .85 are used.

Literature analysis

A number of researches connected with exploitatain mixture of
bioethanol-gasoline in spark ignition engines arerfgmed in stationary
conditions on motor power stands. In these expertisngpecific fuel consumption,
composition of exhaust gases and other parameterenstant motor speed are
established. Regimes of experiments not always demstribe real condition of
exploitation of motor vehicle in field. Acquiredsdts in several researches are
different.

Exploitation of ethanol-gasoline fuel mixture inask ignition engines was
studied by M.Al-Hasan, where such parameters asifgpduel consumption,
engine torque, CO, GQand HC emissions and other parameters for fuetunas
from EO till E25 were determined [2]. In these wsh were induce that the best
results for engine power and exhaust emissionsvaen engine is operating on
fuel mixture with 20% of ethanol admixture.

Experiments on one-cylinder spark ignition engineerating on fuel
mixtures EO, E25, E50, E75 and E100 were perforiyelll.Bahattin Celtik [3]. In
this research engine power, specific fuel conswnptcomposition of exhaust
gases (CO, CQ HC, NQ) at several compression ratios (6/1-10/1) androthe
parameters were analyzed. Results show that fudinB6ks at compression ratio
8/1, but E50 knocks not even at compression radtib.1

From the experimental results, it was determinext the engine power
increased by about 29% when it is operating onf@BDat high compression ratio
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compared to the operating on EO fuel. At the samee,tthe specific fuel
consumption, CO, COHC and NQ emissions were reduced by about 3%, 53%,
10%, 12% and 19% respectively.

Purpose of the research and objectives

The aim of this paper is to analyze operation padty of standard motor
vehicle operating on bioethanol-gasoline fuel migtu Mine tasks to perform are
as following:

— to determine changes of engine power and torqueatipg on bioethanol-
gasoline fuel mixtures;

— to determine changes of fuel consumption operatingioethanol-gasoline
fuel mixtures;

—to determine changes of emissions of exhaust gagesating on
bioethanol-gasoline fuel mixtures;

—to determine temperature of exhaust gases operatmgbioethanol-
gasoline fuel mixtures;

Object and methods

Automobile VW Passat with spark ignition engine twitapacity of 1.8l
was exploited in experiments. Sensitive characé&an of automobile in table 1 is
given.

Table 1. Technical characterization of experimental autoiheob
1 lentek. Tirto automobilio techniés charakteristikos.

Vehicle VWVI?assat

Year of manufacture 7 1997

Engine characteristics Spark ignition, capacityr8licc, 20 valves,
output power — 9RWat 5800rpm, equipped
with catalytic exhaust gas converter

Fuel & ignition system Standard fuel system (Bolftitronic
M3.8.2.), lambda — closed loop control
Gearbox 5-gear manual

Research was performed in Scientific LaboratorAkérnative Fuels of
Latvia University of Agriculture on chassis dynanmeter Mustang MD-1750
where following parameters were established: p@mertorque on leading wheels,
fuel consumption, composition and temperature bbexst gases. To determine all
these parameters following tests were performedvepdest, idle running test,
constant speed tests (50KkMh90kmh! and 110kmH), cycle IM-240 and
especially worked cycle "Jelgava”. Technical ch&gastic of cycle "Jelgava” and
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peculiarities of elaboration are described in pailon [4,5]. Technical
characterization of laboratory equipment in tablis given. Switching scheme of
laboratory equipment and automobile in Fig.1 isegiv

Table 2. Technical characterization of laboratory equipment.
2 lentek. Laboratorirs jrangos techniis charakteristikos.

Measuring unit Technical characteristic

Chassis dynamometer MustangMaximum measuring capability — 1287kW;

MD-1750 peak absorption - 28 maximum
measurement speed — R&H" controls —
Pentium-based PC; maximum axle weight —
4536&g.

Fuel consumption measuremehMeasuring range — 0.35-160; fuel density
systemAVL KMA Mobile range — 0.5-@/cn?; measuring error — 0%

Multicomponent exhaust gas| Measurable gas components: up to 25 pre-

measurement system calibrated measurement gases {CCO, HO,

AVL SESAM FTIR SO,, NO, NG, N,O,NH;, CH,, CH, etc.);
response time —slsample gas flow — 1@in™.
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Fig. 1. Experiments measuring equipment attachment sché&meexperimental
car, 2 — test cycle simulation screen, 3 - chabgmmometer Mustang MD-1750,
4 — power absorber unit (PAU), 5 — dynamometer robiitox, 6 — air blower, 7 —
multicomponent exhaust gas measurement system28%AM FTIR, 8 — heated
filter, 9 — heated gas line, 10 — AVL date commatian cable, 11 — PC with
special software AVL, 12 — Mustang chassis dyno trobnmodule & data
recording, 13 — Mustang dyno date communicationlegcah4 — dyno control
circuit, 15 — screen communication cable, 16 — exhaxtraction pipe, 17 - EGT
sensor cable, 18 — fuel consumption measuremetarsy&VL KMA Mobile, 19 -
PC with special software AVL KMA Mobile, 20 — fudhes, 21 - AVL KMA
Mobile data communication cable, 22 - digital aieffratio meter LM-1.

1 pav.Bandym; jrangos jungimo schema




Fuels used in experiments: EO (A95), E10, E20, EE2m, E50 and E85.
These fuels were achieved by mixing fossil gasoBtatoil A95 with bioethanol
produced by Ltd. "Jaunpagasts Plus”.

The sequence of experiments, the number of repetitand other issues
related to measurements are taken from the metbggodeveloped and
approbated in previous tests [5, 6].

Results and discussions

In this paper with each mixture of fuel series ofpe&iments were
performed which consists of determination of autbiteopower, fuel consumption,
exhaust gases and other parameters characterizergtmn of engine. Each series
was performed at least three times and from thdmeaed average data in figures
below are given. Let’s discuss results for eachrofiched tasks.

Automobile power and torque. Automobile power was determined on
driving wheels and that is why it is different froeffective power given in
technical documentation. After data in Fig. 2 it 9een that power changes
operating on different bioethanol-gasoline mixturese comparatively small.
Constitutive changes are in case when in standai@hbile fuel mixture with
high content of bioethanol is used and at low emgipeed it is observed essential
drop of power, but at middle and high motor spgemiger is greater than operating
on fossil fuel. In spite of that specific heat obdthanol is lower than for fossil
gasoline, automatically enlargement of fuel por@iiow engine to reach the same
power as operating on A95 gasoline.
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Fig. 2. Vehicle power changes: a — power curves, b —anaxaverage power
2 pav. Automobilio galios pok¥iai: a —galios kreigs, b — maksimali ir viduti
galia

Similar changes are observed for torque charattsris(Fig. 3).
Constitutive drop of torque at low engine speedpsrating on E85 fuel whereas,
higher ratios at low engine speed are operatingXthand E20 fuels.
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Fig. 3. Vehicle torque changes: a — torque curves, b —anaxaverage torque
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Exhaust gas temperature (EGT).The highest EGT is achieved at load
regime at high engine speed. That is why temperatbhanges are fixed during
power test. Main attention is turned to maximumiewdd temperature at the end
of the test. EGT was controlled in intersectionnpaf bores of exhaust port (~ 25
cm from exhaust valves). Average EGT during all gowests at the beginning
achieved 444 + 18 °C. For its part, maximum EGThatend of tests for each fuel
in Fig.4 is given.

800 -
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400 T— —
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100 T —
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Fuel

EGT.C

Fig. 4. Max exhaust gas temperature
4 pav. Maksimali degini temperaira

After data given in Fig.4 it is seen, that EGT, mg@g on bioethanol-
gasoline mixture for standard unmodified automobilandful increases in
comparison with case of operating with A95 gasolibet this increase in
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unsubstantial. Insignificant increase of EGT unatH#d negative in no shape
temperature of active parts of engine. Biochemigadlity of bioethanol and
automatically increase of fuel portion providestttemperature of fuel mixture
burning for standard unfitted automobile is so ieigle.

Fuel consumption.In Fig. 5 it is shown changes of fuel consumptabn
several driving regimes in dependence of contenbio&thanol in mixture of
bioethanol-gasoline fuel. Character of increastielf consumption is similar in all
driving regimes. The greater content of bioethanofuel mixture, the air-fuel
mixture becomes leaner and oxygen sensor givesesmwnding signal to
electronically control block. Engine control blookake richer air-fuel mixture in
dependence of incoming signal. In standard autdenali-fuel mixture is enriched
correspondingly to fossil gasoline air/fuel relatidAFR), id est., 14.7:1, despite in
case of E85 EFR has to be 9.7:1.
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Fig. 5. Fuel consumption changes
5 pav.Degal; snaud; pokyiai

In order to show graphically fuel consumption chesigperating on
bioethanol-gasoline mixtures, let us look at dathieved during all regimes of
tests and state average percentage fuel consumiptimrase in comparison with
case of operating on fossil fuel A95 (see Fig. 6).
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Looking at changes of motor power, EGT and fuel scomption it is
possible to infer that fuel and control systemstahdard automobile VW Passat is
able to reach AFR. Enriching of AFR is sufficient make no danger on engine
operation, overheating and damage of piston groapisp Nonetheless all
experiments were performed at optimum operatiorpegature of engine. At such
temperature it is possible to operate on bioethgasbline mixture fuels when
content of bioethanol is greater than 5%, 10% apdta 85%. Situation
substantially becomes worse at low engine tempest(at cold engine start).
Operating on bioethanol-gasoline mixture fuel withh content of bioethanol (for
example E85), it is practically impossible to stawtd engine. In the same way in
this research weren’t observed chemical impact ioéthanol-gasoline mixture
fuels on components of feeding system of engine.

Content of exhaust gas emissionfuring experiments ~ 25 components
of exhaust gases were determined, nonethelessntarftenany components of
exhaust gases is near to zero or practically theyat in exhaust gases. In Fig. 7 it
is shown components of exhaust gases which makategrepart of common
exhaust gas amount.

Summarizing exhaust gas data it is seen, that, wittease of bioethanol
content in AFR in greater part of chosen drivingimes decreases content of NH
(ammonia) C® (carbon dioxide) and CO (carbon monoxide), wheid@s (total
nitrogen oxides) quantity increases. Common charfideydrocarbons HGC (total
hydrocarbon gasoline) quantity change is unsuliatait several driving regimes
its’ content increases, but in several decreases.
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Conclusions

1. The maximum ethanol content of the fuel mixtureshhtan be used in the non-
modified automobile differs from the automobilesdab Mostly it depends on
the type of fuel system and its control peculiastias well on the fuel pump
and nozzle productivity

2. While standard fuel and control systems are ablertiach air-fuel mixture,
changes of power and torque are minimal. Greai@ngds of power and torque
are operating on mixtures with high content of tiaaol. Operating on E85
fuel power and torque decreases at low but incseaséigh engine speeds in
comparison with EO fuel.
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3. Changes of exhaust gas temperature operating ethhiaol-gasoline mixtures
with several concentrations give evidence aboutabburning process of fuel-
air mixture which makes no danger on engine opmrati

4. Enriching of air-fuel mixture in standard engineecggting on bioethanol-
gasoline mixture fuels happens due to closed loogine control system.
Oxygen sensor reacts to increased oxygen contesthaust gases and forms
corresponding signal to electronically control systwhich enrich air-fuel
mixture.

5. Standard type of fuel system and electronically trmbnsystem uncovers
necessary enriching of air-fuel mixture at coldrtstaf engine operating on
bioethanol-gasoline mixture with high content asdthanol (for example E85).

6. The fuel consumption test results show, that wingl100% of the nozzle load is
not reached, increasing the ethanol content offuileé mixture by 10%, fuel
consumption increases by 3—6%.

7. Exhaust gas tests shows that increasing concemtrafi bioethanol in fuel
mixtures, components of GO CO, NH decreases but NOcomponent
increases.
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Vilnis Pirs, V. Malnicenko

BIOETANILIO — BENZINO MISINIU ITAKA STANDARTINIO
KIBIRKSTINIO UZDEGIMO VARIKLIO DARBO RODIKLIAMS

Reziunt

Norint pagerinti situacij biodegal naudojimo srityje, 2009 m. birZel
Latvijos Ministny kabinetas pémé nutarimy, kad nuo 2009 metspalio 1 d.
parduodamo benzino stiglje turi biti 4,5 — 5 % bioetanolio. Tokio etanolio kiekio
imaiSymas neturi neigiamatakos variklio veikimui, tod nereikalingas specialus
variklio priderinimas. Sio darbo tikslas buvo iStirkokia jtaka kibirkstinio
uzdegimo variklio darbo rodikliams tg didesnio kaip 5 % bioetanolio kiekio
imaiSymasj benzir. Neadaptuotas VW Passat automobilio 1,8 | darbifit
benzininis variklis veik etanolio-benzino miSiniais, kuriuose etanolio ksesiele
nuo 0 iki 85 % degal tario. Buvo tiriamajvairiy miSiniy jtaka variklio galios ir
sukimo momento charakteristikoms, o taip pat deg@mperairai. Taip pat buvo
stebimi degal sanaudy ir deginiy suctties pokyiai.

Tyrimais nustatyta, kad difant etanolio kiekiui benzine, variklio galia ir
sukimo momentas kinta nedaug. Didesni podiygauti varikliui veikiant degalais
su dideliu etanolio kiekiu. Veikiant E85 degaladig ir sukimo momentas mga
esant mazam variklio sukimosi gfii ir didéja esant dideliam sukimosi géaii,
lyginant su atitinkamais reZimais varikliui veikiabenzinu. Padigus etanolio
kiekiui benzine 10 %, degalsanaudos padiga 3-6 %. Didjant etanolio kiekiui
benzine C@ CO, NH koncentracija deginiuose nigd, o NQ, — didja.

Bioetanolis, degal synaudos, galia, deginiemisija.

Bunnuc [Iupc, B. Manandenko

BJINSIHUE CMECEN BUOSTAHOJIA —BEH3MHA HA ITOKA3ATEJIA
PABOTBI CTAHJAPTHOI'O ABUI'ATEJIA C UCKPOBBIM 3AXKUT'AHMEM

Pesrome

C 1enpl yIydIIeHUs CHUTYaIlMd B OOJACTH WCIOJIL30BAHUS OHOTOIUINBA,
kabuHeT MuHucTpoB JlaTBuu npuHs pemeHue, 4to ¢ 1 okTsiops 2009r. B coctase
nmpojiaBaeMoro OcH3WHa MOJDKHO OBITh 4,5 — 5% 0mosranoma. Jlo6aBka Takoro
KOJIMYECTBA STAHOJA HE HWMEET HETaTHMBHOTO BJIMSHHUS Ha pabOTy BUTATENS,
MO3TOMY HE HYXKHA CIIelMalbHas MMOArOTOBKA ABurartens. Llenp aToit pabOThl —
HCCIIeIOBaHKE BIUSAHUS J0OABKU B O¢H3MH Ooubinero 5% koinyecTBa OHO3TaHOIIA
Ha MoKaszaTeNu paboThl JBUraTeNsl ¢ HCKPOBBIM 3aKUraHueM. HeamanTupoBaHHBIH
1,8 . pabouero obrema apuratens aBromoOmwts VW Passafpaboran Ha cmecsax
sTaHojda — OeH3uHa ¢ coxaepkandeM odTaHona ot O g0 85% mo o0bemy.
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HccnenoBanoch BIMSHUE Pa3IMYHBIX CMECEH Ha MOIIHOCTh M KPYTSIIUHA MOMEHT
JBUTATEIs], PacX0/l TOIUIMBA, a TAK)KE Ha COCTAaB U TEMIIEPATYPy BBIXJIOIMHBIX I'a30B.

B pesynbrare ucclenIOBaHMN YCTAHOBJIGHO, YTO IPH YBEIHMUYCHHUH
KOJMYECTBA 3TAaHOJNA B OCH3WHE MOIIHOCTh W KPYTANIMA MOMEHT JIBUTATEISs
HM3MEHSIOTCS HE3HAUYMTEIBHOI0. 3HAYUTEIbHBIC H3MEHEHUS TOIYYCHBI MPH padoTe
JIBUTaTeIsl Ha TOIUIMBE C OOJBIINM COJAEp)KaHHEM JTaHoja. [Ipu pabore Ha
torumBe E85 MomHOCTE M KpyTSAIIMA MOMEHT NpPU MallOi 4acTOTE BpaIICHUS
CHIDKAIOTCS, a TIPU OOJIBINION YaCTOTE BPALICHUS — YBEIIMIUBAIOTCSI, 10 CPABHEHUIO
C COOTBETCTBYIOLIMMH peXHUMaMH Tpu padoTe Ha OeH3uHe. I[Ipu yBeamueHUM
cojiepkaHus dtaHoja B OcH3uHe Ha 10%, pacxoj TOIUIMBA YBEIHMYMBACTCSA Ha
3-6%. [Ipu yBenmnyeHun koiuvecTBa 3TaHoNa B OcH3uHe coxepxkanue CO,, CO,
NH; B BBIXJTONHBIX Ta3ax cHrkaeTcs, a NO, —Bo3pacraert.

buosmanon, pacxoo monauea, MOWHOCHb, IMUCCUSL BLIXTONHBIX 24308.
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