Vol. 42, No. 1/2014

INMATEH — 7 inceti

BIO-BUTANOL — ALTERNATIVE FUEL FOR DIESEL ENGINE

/

BIO-BUTANOLUL — COMBUSTIBIL ALTERNATIV PENTRU MOTORUL DIESEL

Ph.D. Stud. Eng. Dobre Al., Prof. Ph.D. Eng. Pana C., Ph.D. Stud. Eng. Nutu N. C., Prof. Ph.D. Eng. Negurescu N,
Lect. Ph.D. Eng. Cernat Al., Ph.D. Stud. Eng. Bondoc I.D.
,Politehnica” University of Bucharest / Romania
Tel: 0761 910 596; E-mail: alexandru.c.dobre@gmail.com

Abstract: The main goals of bio-alcohols use in Diesel
engine are the reduction of pollution, greenhouse gas
emissions and the replacement of the fossil fuels. The
production of the bio-alcohols from plants based on
sugar (cane and beet) and starch (cereals, sorghum
and maize) will increase their prices, which will affect
the living standard of the population, because these are
the most commonly used. If bio-alcohol were obtained
from waste cellulosic or synthetic waste, its use would
represent an alternative solution of fuel for Diesel
engine. From the primary alcohols used (bio-methanol,
bio-butanol, bio-ethanol) the bio-butanol has the main
advantage that it is most appropriate from the point of
view of the properties of the Diesel fuel. This paper
presents the results of experimental research carried on
a Diesel engine with direct injection fuelled with Diesel-
bio-butanol mixtures.
Keywords: alternative fuel, bio-alcohols, bio-butanol,
Diesel engine, emissions.

INTRODUCTION

Given that the standard of living of the population
increases continuously more and more rapidly due to
advancement of technology an increase in global energy
consumption has been produced. Basically, if the
standard of living of the population increases also the
consumption of natural resources such as fossil fuels will
increase. To meet the growing needs of the population ,
oil and gas resources will be exhausted.

More rational use of such fossil fuels and alternative
fuels are viable solutions for reducing the oil
consumption. From alternative fuels, bio-alcohols
represent viable solutions, because those can be
obtained from biomass. Unlike Diesel fuel, bio-alcohol
has a greater support, being a form of renewable
energy, that can be produced from biomass; the energy
being generated by a natural resource (sunlight), which
is unlimited.

Research centres from universities and big companies
are involved in serious theoretical and experimental
research on bio-alcohol use as fuel for compression
ignition engine, being investigated different methods of
fuelling. From primary alcohols, bio-butanol has the
advantage that shows properties close to those of Diesel
fuel compared to others alcohols.

Bio-butanol proprieties comparative to Diesel fuel
Bio-butanol (tert-butyl alcohol) is made up of three
methyl groups and one group of oxidril (C4HsOH).
Because of its higher self-ignition resistance, the
biobutanol (low cetane number, table 1) can’t be used in
Diesel engine as single fuel without supplementary
measures (the additive use or engine design changes).
In order to use bio-butanol in compression ignition
engine, this must be enriched with accelerators of
organic nitrates type for reducing of the auto-ignition
delay, or it can be use in addition with Diesel fuel,
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Rezumat: Utilizarea bio-alcoolilor drept combustibil
pentru motoarele Diesel are ca scop reducerea poluérii,
reducerea emisiilor de gaze cu efect de sera si inlocuirea
combustibililor fosili. Producerea bio-alcoolilor din plante
pe baza de zahar (trestia si sfecla) si pe bazad de amidon
(cerealele, sorgul si porumbul) va conduce la cresterea
pretului acestora, care va afecta nivelul de ftrai al
populatiei, deoarece acestea sunt cele mai des utilizate.
Dacéa bio-alcoolul s-ar obtine din deseuri celulozice sau
sintetic, utilizarea lui ar reprezenta o solutie alternativa
de combustibil pentru motorul Diesel. Dintre alcoolii
utilizati (bio-metanolul, bio-butanolul, bio-etanolul) bio-
butanolul are principalul avantaj ca se aproprie cel mai
bine din punct de vedere al proprietatilor de motorina.
ucrarea prezintd rezultate ale cercetdrii experimentale
efectuate pe un motor Diesel cu injectie directd de
alimentat cu amestecuri motorina-bio-butanol.

Cuvinte cheie: combustibil alternativ, bio-alcooli, bio-
butanol, motor Diesel, emisii.

INTRODUCERE

Dat fiind faptul ca standardul de viata al populatiei
creste in mod continuu din cauza avansarii tot mai rapide
a tehnicii s-a produs o intensificare a consumului
energetic la nivel global. Practic, dacd standardul de
viata al populatiei creste si consumul resurselor naturale
va creste alaturi de combustibilii de natura fosila. Pentru
a satisface nevoile tot mai accentuate ale populatiei,
resursele de petrol si gaze naturale se vor epuiza.

Utilizarea mai rationalda a combustibililor fosili si
utilizarea combustibililor alternativi reprezinta solutii
viabile pentru a reduce consumul de petrol. Dintre
combustibilii alternativi, bio-alcoolii sunt o solutie viabila,
deoarece acestia se pot obtine din biomasa. Spre
deosebire de motorina, bio-alcoolul are o sustinere mai
mare, el fiind o formad de energie regenerabila, care
poate fi produsa din biomasa; energia fiind generata de o
resursa naturala (lumina soarelui), care este inepuizabila.

Centre de cercetare din universitati si mari companii,
sunt implicate in serioase cercetari teoretice si experimentale
privind utilizarea bio-alcoolului drept combustibil pentru
motorul Diesel, fiind investigate diferite metode de
alimentare. Dintre alcoolii primari, bio-butanolul are
avantajul ca prezinta proprietati mai apropiate de cele ale
motorinei comparativ cu ceilalfi alcooli.

Proprietatile bio-butanolului comparativ cu motorina
Bio-butanolul (tert-butil alcoolul) este format din trei
grupari de metil si o grupare oxidril (C4HsOH).
Bio-butanolul avand intarziere mare la autoaprindere
(cifra cetanica mica, tabelul1) face ca acesta sa nu poata
fi utilizat drept combustibil unic pentru motorul Diesel fara
a se lua masuri suplimentare, aditivare sau modificari
constructive ale motorului. Pentru ca bio-butanolul sa
poata fi utilizat la motorul cu aprindere prin comprimare
trebuie fie aditivat cu acceleratori de tipul nitratilor
organici pentru a reduce intarzierea la autoaprindere, fie
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solutions that do not involve significant design changes to
the engine.

The main properties of bio-butanol as compared to the
Diesel fuel are shown in table 1.
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utilizat in amestec cu motorina, solutii ce nu implica
modificari constructive semnificative ale motorului.

Principalele proprietati ale bio-butanolului comparativ
cu motorina sunt redate n tabelul 1.

Table 1/ Tabelul 1

The properties of bio-butanol comparing to Diesel fuel, [3], [12] /
Proprietatile bio-butanolului in comparatie cu cele ale motorinei, [3], [12]

Unit of measure / . .
Nr. h Bio-butanol / Diesel fuel /
ort. Parameter / Parametrul Unltgteavde Bio-butanol Motorini
masura
1 Chemical formula / Formula chimica [ C,H,OH = CygHaq
Boiling temperature (1.013 bar) / 0
2 Temperatura de fierbere (1,013 bar) [C] 82.8 180 360
3 Auto-ignition temperature / ec] 340 ~ 250
Temperatura de autoaprindere
4 Flame temperature / Temperatura flacarii [°’c] 2220 2054
5 Evaporation heat / Caldura de vaporizare [kJ/kg] 595 251 314
Low calorific power /
6 Puterea calorifica inferioara (kJ/kg] 32560 41855
7 Cetane number / Cifra cetanica [-] <18 45 55
Dynamic viscosity at 20 °C (1.013 bar) / .
8 Véscozitatea dinamicé la 20 °C (1,013 bar) [mPars] 295 16..68
) ) -, C 64.86 =~ 86
9 ((B:rart)\‘lnmeFr];: c?m%)s;rpgl H %] 135 =12
ompozitia gravimetric: o) 5164 >
10 Fuel air ratio / Raportul aer combustibil [kg air/kg comb.] 11.1 14.5
Flash temperature / o
1 Temperatura de inflamabilitate [C] 34 50..140
12 Density at 20 °C / Densitatea la 20 °C [kg/m’] 810 820 _ 860
Specific heat at 20 °C (1.013 bar) / ]
13 Caldura specifica la 20°C (1,013 bar) [kJ/kgK] 2.3 1.9

An addition of 25% accelerator in alcohol leads to an
auto-ignition delay similar to that of Diesel fuel, [3].
Difficult auto-ignition to use bio-butanol is accentuated by
decreasing temperature trend due to the heat of higher
vaporization higher of alcohols than Diesel fuel (heat of
vaporization of bio-butanol being about 2 times higher
than the vaporization of Diesel fuel produces an intense
cooling effect).

Higher bio-butanol auto-ignition temperature involves
measures to raise the temperature in the cylinder such as
increasing the compression ratio.

From primary alcohols, the bio-butanol has the most
similar viscosity to that of the Diesel fuel and the higher
miscibility, which recommends it as a good alternative
fuel. However, the bio-butanol’'s viscosity is lower than
Diesel fuel (this can dilute the oil) producing some of its
adverse effects in the lubrication.

Adding bio-butanol in Diesel fuel decreases the
mixture viscosity, whith influences on angle of jet
dispersion in terms of increasing, reduction of droplet
diameter and decreasing of jet penetration. Another
aspect is the influence of fluidity to low temperature,
which can be improved by the addition of bio-butanol.

Also the use of bio-butanol as a fuel must be taken
into account that for the same amount of energy stored
in the fuel tank for bio-butanol will have a larger
volume and weight compared to Diesel fuel due to
lower calorific value of bio-butanol comparative to
Diesel fuel.

From the special technical literature some results on
the use of bio-butanol in Diesel engine using different
methods are known.

In the paper [9] are presented some results of the
experimental research on an engine with a single four-
stroke cylinder of type Lister 1-9, at different loads using
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Un adaos de 25% accelerator in alcool conduce la o
intarziere la autoaprindere asemanatoare cu cea a
motorinei, [3]. Autoaprinderea dificila la utilizarea bio-
butanolului este accentuatd si de tendinta micsorarii
temperaturii, datoritd caldurii de vaporizare mai mari la
alcooli decéat la motorina (caldura de vaporizare a bio-
butanolului fiind de circa 2 ori mai mare decat a
motorinei, produce la vaporizare un efect intens de racire).

Temperatura de autoaprindere mai ridicatd a bio-
butanolului implicd masuri care sa ridice nivelul temperaturii in
cilindru cum ar fi cresterea raportului de comprimare.

Dintre alcoolii primari, bio-butanolul are vascozitatea
cea mai apropiatd de cea a motorinei precum i
miscibilitatea cea mai ridicatd, recomandandu-l drept
combustibil alternativ. Vascozitatea bio-butanolului este
mai mica decadt a motorinei (ea poate dilua uleiul)
producand unele efecte defavorabile lubrifierii.

Adaugarea bio-butanolului in motorina are ca efect
reducerea vascozitatii influentdnd, in sensul cresterii,
unghiul de dispersie al jetului, reducerea diametrului
picaturii si scaderea penetratiei. Fluiditatea la
temperaturi scazute se va imbunatati prin adaugarea
bio-butanolului.

La utilizarea bio-butanolului drept combustibil trebuie
luat Tn calcul ca pentru aceeasi cantitate de energie
stocata, rezervorul de combustibil pentru bio-butanol va
avea un volum si 0 masa mai mare comparativ cu cel de
motorina datorita puterii calorifice inferioare mai scazute
a bio-butanolului in raport cu motorina.

Din literatura de specialitate sunt cunoscute unele
rezultate privind utilizarea bio-butanolului la motorul
Diesel prin diferite metode.

In lucrarea [9] sunt prezentate unele rezultate ale
cercetarilor experimentale efectuate pe un motor cu un
singur cilindru in patru timpi, tip Lister 1-9 la diferite
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the blends method (10% iso-butanol, 20% iso-butanol,
30% iso-butanol, 40% iso-butanol). The experimental
results showed: reducing of the exhaust gas temperature,
of the effective power and of the thermal efficiency in the
use of biobutanol-oil blends in various proportions
comparative to only Diesel fuel engine operation. Also
the air-fuel ratio has declined and the specific fuel
consumption actually increased to the use of iso-butanol.
Due to the influence on the engine energetic parameter,
the author limits the rate of biobutanol in the blends to
30%, finding a deterioration of analysed parameters at
higher percentages, for example 40%.

Experimental researches on combustion behaviour of
biobutanol are presented in paper [15] using as fuelling
method the blends method (8% biobutanol and 16%
percentage by volume). Experimental tests were performed
on a six-cylinder turbocharged engine with direct injection.
The engine was subjected to the tests at three different
loads while maintaining constant speed (1200 rev/min to
1500 rev/min). The results showed that to the use of bio-
butanol in blends with Diesel fuel, the fuel injection
pressure diagrams are slightly delayed, and the auto-
ignition delay increased. Also, a decrease of the maximum
cycle pressure and of the in-cylinder gases temperature
during the rapid combustion phase was obtained.

The research presented in the paper [14] investigates
the mechanisms of formation of nitrogen monoxide, smoke
and combustion noise produced during the warm start method
using blends method. The results obtained at the use of
blends: 30% bio-Diesel and Diesel fuel with 25% n-butanol
are comparatively presented. The use of Diesel fuel in blends
with n-butanol leads to a significantly reduction of exhaust
gases opacity, but to a notably increase of NO emission.

In paper [17] the influence of bio-butanol mixed with
Diesel fuel and bio-Diesel is analysed. The results
showed that the addition of 20% n-butanol in a mixture of
Diesel fuel and 20% bio-Diesel resulted in a slight
increase in specific fuel consumption and thermal
efficiency compared to Diesel fuel. The CO and HC
emissions decreased, while NOy emissions remained
almost unchanged at low engine loads and for high
engine loads the NOx emission decreased. Also, the
smoke opacity was reduced.

MATERIAL AND METHODS
The experimental researches were performed on a Diesel
engine K9K type - 1.5 dCi (maximum power 52 kW and maximum
power engine speed 3900 rot/min) mounted on a test bed.
The stand for testing is equipped with Schenck E90

dyno for torque measurement, flowmeters for
measurement of the air and fuel consumption,
thermometers, for measurement of the supply air

temperature, cooling liquid, exhaust gas, cooling system
oil, manometer for pressure boost measurement, oil
pressure lubrication system. For analyzing the exhaust
gas was used an analyzer type AVL Dicom and an
opacimeter type AVL Dicom 4000. In the engine’s
cylinder was mounted a piezoelectric pressure
transducer type AVL for monitoring the pressure. Also the
stand includes a data acquisition system type AVL.
Experimental investigations have been carried out
using a blend of 10% Diesel and 20% bio-butanol.
Experimental investigations have been carried out in the
load modes of 100% and 85% at the speed of 2000
rev/min. At the use of bio-butanol, the fuel cycle dose
increased (bio-butanol-Diesel blend) in order to restore
standard engine power. The injection timing was
optimized in terms of NOy emissions and to limit the
maximum in-cylinder pressure maintaining the standard
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sarcini utilizand metoda amestecurilor (10%, 20%, 30% si
40% izo-butanol). Rezultatele experimentale au aratat:
reducerea temperaturii de evacuare a gazelor, scaderea
puterii efective si reducerea randamentului termic la
utilizarea amestecurilor bio-butanol-motorina in diferite
proportii fatd de functionarea motorului doar cu motorina.
De asemenea si coeficientul de exces de aer s-a
diminuat [9], iar consumul specific de combustibil efectiv
a crescut la utilizarea izo-butanolului. Autorul limiteaza
procentul de bio-butanol la 30%, constatand inrautatirea
parametrilor energetici ai motorului analizati la procente
mai mari, ca de exemplu 40%.

Cercetari experimentale privind arderea bio-
butanolului sunt redate in lucrarea [15] utilizdnd metoda
amestecurilor (butanol 8% si 16% volumetric).
Tncercérile experimentale au fost efectuate pe un motor
supraalimentat cu sase cilindri si injectie directa.
Motorul a fost supus testelor la trei sarcini diferite
mentindnd turatia constanta (1200 si 1500 rot/min).
Diagramele de presiune de injectie de combustibil sunt
usor intarziate, iar intarzierea la autoaprindere a crescut
la utilizarea bio-butanolului in amestec cu motorina. De
asemenea s-a constatat reducerea presiunii maxime pe
ciclu si a temperaturii gazelor din cilindru n faza arderii
rapide.

Cercetarile prezentate si in lucrarea [14] investigheaza
mecanismele de formare a monoxidului de azot, fumului
si zgomotului de ardere produs in timpul pornirii la cald
utilizdnd metoda amestecurilor (motorina cu 30% bio-
Diesel si motorina cu 25% n-butanol). La utilizarea n-
butanolului Tn amestec cu motorina s-a redus semnificativ
opacitatea gazelor de evacuare, dar a crescut in mod
notabil, emisia de NO.

In lucrarea [17] este analizatd influenta bio-
butanolului Tn amestec cu motorind si bio-Diesel.
Adaugarea de 20% n-butanol in amestecul de
motorina si 20% bio-Diesel a determinat o usoara
crestere a consumului specific de combustibil si a
randamentului termic comparativ cu motorina. Emisiile
de CO si HC a scazut, iar emisia de NOx a ramas
aproape neschimbata la sarcini mici ale motorului, iar
la sarcini mari emisia de NOy a scazut. De asemenea
reducandu-se si opacitatea fumului.

MATERIAL Sl METODE

Cercetarile experimentale s-au efectuat pe motorul
Diesel tip K9K — 1.5 dci (puterea maxima 52 kW la turatia
de 3900 rot/min) montat pe un stand de incercari.

Standul de incercari este dotat cu frAna Schenck E90
pentru masurarea momentului motor, debitmetre pentru
masurarea consumurilor de aer si combustibil,
termometre, pentru masurarea temperaturilor aerului de
alimentare, lichidului de racire, gazelor de evacuare,
uleiurilor din sistemul de racire, manometre pentru
masurarea presiunii de supraalimentare, presiunea
uleiului din sistemul de ungere. Pentru analiza gazelor de
evacuare s-a utilizat analizorul de gaze si opacimetrul
AVL Dicom 4000. in cilindrul motorului a fost montat un
traductor piezoelectric de presiune AVL pentru
monitorizarea presiunii. De asemenea standul contine si
un system de achizitie de date AVL.

S-au efectuat masuratori, utilizdnd un amestec de
motorina cu 10% respectiv 20% bio-butanol. Investigatiile
experimentale s-au efectuat la regimurile de sarcina
100% si 85% la turatia de 2000 rot/min. La utilizarea bio-
butanolului, s-a marit doza de combustibil (amestec bio-
butanol-motorind) pentru refacerea puterii motorului
standard. Avansul la injectie a fost optimizat din punct de
vedere al emisiilor de NOy si al limitarii presiunii maxime
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engine power.

RESULTS
The figures 3..12 present the
experimental investigations carried out.

results of the

Energy aspects

Figure 3 shows the pressure variation versus the
crankshaft angle at the standard injection timing for
engine operation at Diesel fuelling and optimized for
Diesel fuel, 10% and 20% bio-butanol fuelling at full
load, and in the figure 4 the variation of cycle maximum
pressure versus the volume percentage of Diesel fuel
replacement (xc) at 100% (x = 1) load and 85% (x
0.85) are shown. We find that the maximum pressure
from the cycle decreased about 10% when is using 20%
bio-butanol than Diesel fuel at full load with the
optimized injection timing. This is due to bio-butanol,
which has a cooling effect more intensely than Diesel
fuel. Maximum pressure for 10% bio-butanol doesn’t
change compared to Diesel fuel, because the cooling
effect of the bio-butanol is compensated from the better
burning speed of the bio-butanol than Diesel fuel (fig. 3).
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Fig. 3 — The indicate diagram / Diagrama indicate

For the standard injection timing, the maximum
pressure has small variations with the percentage of bio-
butanol at 100% load because of the combustion
improvement (fig. 4). By optimizing of the injection timing
for the limitation of the emission of NOy level, the
maximum pressure is reduced at the increase of the bio-
butanol percentage at 100% load and for 85% load the
maximum pressure is maintained constant.

Figure 5 shows the maximum rate pressure rice of
variation versus bio-butanol percentage in blends with
Diesel at different loads and speed of 2000 rev/min. The
maximum rate pressure rice increases at the use of bio-
butanol mixed with Diesel fuel than Diesel fuel, because
the auto-ignition delay increases both for the full load and
for the 85% load (fig. 5).

At the increase of the proportion of bio-butanol,
increases the duration of injection because of a much
lower calorific power value and lower density of bio-
butanol comparative to Diesel fuel and decreases the
combustion time duration due to the better bio-butanol’s
combustion properties (fig. 6). We notice that 20% bio-
butanol mixed with Diesel fuel significantly influences the
auto-ignition delay (increases compared with Diesel fuel),
due to biobutanol’s lower cetane number, which moves
the combustion toward the detente being necessary the
modification of the injection timing for optimizing the
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din cilindru mentinand puterea motorului standard.

REZULTATE
In figurile 3...12 sunt prezentate rezultate ale
investigatiilor experimentale efectuate.

Aspecte energetice

In figura 3 se prezinta variatia presiunii in functie de
unghiul arborelui cotit pentru avansul la injectie standard
la functionarea motorului alimentat cu motorina si
optimizat la functionarea motorului alimentat cu motorina,
10% si 20% bio-butanol la sarcina totala, iar in figura 4
se prezinta variatia presiunii maxime pe ciclu in functie
de procentul de substitutie volumetric a motorinei (xc) la
sarcinile 100% (x = 1) si 85% (x = 0,85). Gasim ca presiunea
maxima pe ciclu scade cu circa 10% fata de motorina,
cand este utilizat 20% bio-butanol la sarcina totala cu
avans la injectie optimizat. Acest lucru se datoreaza bio-
butanolului, care are un efect de racire mai intens decat
motorina. Presiunea maxima pentru 10% bio-butanol nu
se modifica comparativ cu motorina, deoarece efectul de
racire al bio-butanolului este compensat de viteza de
ardere mai buna a acestuia comparativ cu motorina (fig. 3).
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Fig. 4 — Maximum pressure variation versus volumetric diesel
fuel substitute ratio for different loads / Variatia presiunii maxime
in functie de procentul de substitutie volumetric a motorinei pentru

diferite sarcini

Pentru avansul la injectie standard, presiunea maxima
are variatji reduse cu procentul de bio-butanol la sarcina
de 100% datoritd imbunatatirii arderii (fig. 4). Prin
optimizarea avansului la injectie pentru limitarea nivelului
emisiei de NOy, presiunea maxima se reduce cu
cresterea procentului de bio-butanol la sarcina totala, iar
la sarcina de 85% presiunea maxima se mentine
constanta.

in figura 5 este prezentatd viteza maxima de crestere
a presiunii cu procentul de bio-butanol din amestec la
diferite sarcini si turatia de 2000 de rot/min. Viteza
maxima de crestere a presiunii la utilizarea bio-butanolului Tn
amestec cu motorina creste fatd de motorina, deoarece
se mareste intarzierea la autoaprindere atat pentru
sarcina totala cat si pentru sarcina de 85% (fig. 5).

Totodata, la cresterea procentului de bio-butanol
creste durata injectiei datorita puterii calorifice inferioare
si a densitatii mai mici a bio-butanolului comparativ cu
motorina si scade durata in timp a arderii datorita
proprietatilor de ardere mai bune ale acestuia (fig. 6).
Observam ca 20% biobutanol in amestec cu motorina
influenteaza semnificativ intarzierea la autoaprindere
(creste comparativ cu motorina), datorita cifrei cetanice
mai scazute a biobutanolului, ceea ce deplaseaza
arderea in destindere fiind necesara modificarea
avansului la injectie pentru optimizarea performantelor.



Vol. 42, No. 1/2014

performance. The variation of the apparent heat release
rate is kept approximately at the same level (fig. 6), but
when using bio-butanol, the combustion time being more
reduced explains the increase of the maximum pressure
and the rate of increment of pressure .
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Fig. 5 - The Maximum pressure rate versus volumetric diesel fuel

substitute ratio for different loads / Viteza maximéa de crestere a
presiunii in functie de procentul de substitutie volumetric a
motorinei pentru diferite sarcini

Regarding the cyclic variability (formula 1), coefficient
of variation in maximum pressure at full load is 0.92% for
the Diesel fuel (standard injection timing) and 0.69%, for
20% bio-butanol (optimized injection timing), while for the
85% load is 0.56 for Diesel fuel (standard injection
timing) and 0.61% for 20% of bio-butanol (optimized
injection timing), indicating a high stability of the
combustion process.
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Viteza maxima de degajare a caldurii se mentine
aproximativ la aceeasi valoare, (fig. 6), dar la utilizarea
bio-butanolului, durata arderii fiind mai redusa explica
cresterea presiunii maxime si viteza de crestere a
presiunii.
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Fig. 6 - The variation of the apparent heat release rate
versus the crankshaft angle / Variatia vitezei aparente de
degajare a caldurii in functie de pozitia arborelui cotit

In ceea ce priveste variabilitatea ciclicid (formula 1),
coeficientul de variatie a presiunii maxime la sarcina
totala este 0,92% pentru motorina (avans la injectie
standard) si 0,69%, pentru 20% bio-butanol (avans la
injectie optimizat), in timp ce pentru 85% sarcina este
0,56 pentru motorina (avans la injectie standard) si 0,61%
pentru 20% bio-butanol (avans la injectie optimizat),
indicand o stabilitate mare a procesului arderii.

COV =>x100 )

where: COV represents the cyclic variability
coefficient of the maximum pressure;
O — mean square deviation for max. pressure;

X — average for maximum pressure.
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Fig. 7 - Maximum pressure in cylinder versus angle crankshaft /
Presiunea maxima din cilindru in functie de unghiul de rotatie al
arborelui cotit al motorului

In figure 7 is presented maximum pressure in cylinder
versus angle crankshaft for 150 cycles at the fuelling only
with Diesel fuel or with 20% bio-butanol in mixture.

For 20% bio-butanol in mixture, the cyclic dispersion is
lower than the functioning with Diesel fuel. The angle of
maximum pressure for 20% bio-butanol has a value
between 9+12 CA after TDC (Fig. 7).

Figure 8 presents the variation of the specific
energetic consumption compared with the volumetric
percentage of bio-butanol in the blend with Diesel fuel.
Generally, the brake specific energetic consumption is
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unde: COV reprezinta coeficientul de
variabilitate ciclica a presiunii maxime
O — abaterea medie patratica a presiunii maxime;

X — media aritmetica a presiunii maxime.
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Fig. 8 - Specific energetic consumption versus volumetric
diesel fuel substitute ratio for different loads / Consumul
specific energetic efectiv in functie de procentul de
substitutie volumetric a motorinei pentru diferite sarcini

In figura 7 este prezentatd presiunea maxima din
cilindru in functie de unghiul de rotatie al arborelui cotit
pentru 150 de cicluri la alimentarea doar cu motorina sau
20% bio-butanol in amestec.

La amestecul cu 20% bio-butanol, dispersia ciclica
este mai redusa decat la functionarea cu motorina.
Unghiul de presiune maxima pentru 20% bio-butanol are
valoarea intre 9+12 °RAC dupa PMI (fig. 7).

in figura 8 este prezentaté variatia consumului specific
energetic efectiv Tn raport cu procentul volumetric de bio-
butanol din amestec. Se constata, in general, reducerea
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reduced by the increasing of the bio-butanol percentage,
due to improvement of the combustion (bio-butanol
higher burning rate and a higher content of oxygen in bio-
butanol molecule). For the optimized injection timing,
reducing the specific energetic consumption is more
pronounced: at 20% bio-butanol, the reduction is about
5% at full load and about 6% at 85% load.

Pollution aspects

At 85% load to the optimized timing injection NOy
emission level doesn’t change compared to the standard
one. Also, at the same load, the emission of NOy level
decreases against the full load regime, because of the
decrease of the temperature from cylinder (fig. 9).

Figure 9 shows the variation of NOy emissions level by
the percentage of bio-butanol for the investigated
regimes. It was found a reduction of NOx emissions level
assured by optimization of the injection timing, which was
reduced comparatively to the standard injection timing.
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Fig. 9 - The NOy emission versus volumetric diesel fuel substitute

ratio for different loads / Emisia de NOy in functie de procentul de
substitutie volumetric a motorinei la diferite sarcini ale motorului

Regarding the emission of HC, it increases with the
percentage of biobutanol possible because of the flame
extinction at wall and in air-bio-butanol homogeneous
mixture, which becomes relatively leaner (fig. 10).

The exhaust gas opacity variation with the bio-
butanol's percentage at the investigated regimes is
represented in fig. 11. Generally the exhaust gas opacity
decreases with the bio-butanol percentage increasing. At
85% load, the influence is reduced both for the standard
injection timing and for the optimized injection timing,
while for the 100% load at optimized injection timing
there is a slightly increase than the standard injection
timing at the bio-butanol’'s percentage increase, which
can be due to a reduction of air excess coefficient.
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Fig. 11 - The fume emission represented by opacity versus
volumetric diesel fuel substitute ratio for different loads /
Opacitatea in functie de procentul de substitutie volumetric a
motorinei la diferite sarcini ale motorului

It is found that CO, emission level decreased at the
biobutanol use comparing to Diesel fuel for an injection
timing optimized at full load, possibly due to higher
oxygen content of bio-butanol molecule (the combustion

4
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consumului specific energetic cu cresterea procentului de
bio-butanol datorita imbunatatirii arderii (viteza de ardere
mai buna si un continut mai mare de oxigen Tn molecula
de bio-butanol). Pentru avansul la injectie optimizat,
reducerea consumului specific energetic este mai
pronuntata: 20% bio-butanol, reducerea este de circa 5%
la sarcina totala si de circa 6% la sarcina de 85%.

Aspecte de poluare

La sarcina de 85% la avansul optimizat emisia de NOy
nu se modifica fatd de cel standard. De asemenea, la
sarcina de 85% emisia de NOy scade fata de regimul de
sarcina totala, deoarece scade temperatura din cilindru
(fig. 9).

in figura 9 este prezentata variatia emisiei de NOy cu
procentul de bio-butanol la regimurile investigate. Se
constata o reducere a emisiei de NOx prin optimizarea
avansului la injectie care a fost redus fata de avansul la
injectie standard.
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Fig. 10 - The HC emission versus volumetric diesel fuel substitute
ratio for different loads / Emisia de HC in functie de procentul
de substitutie volumetric a motorinei la diferite sarcini ale motorului

In ceea ce priveste emisia de HC, aceasta creste cu
procentul de bio-butanol, posibil din cauza stingerii
flacarii la perete si in amestecul omogen aer-bio-butanol,
care devine relativ sarac (fig. 10).

In figura 11 este reprezentatd variatia opacitétii
fumului din gazele de evacuare cu procentul de bio-
butanol la regimurile investigate. in general opacitatea
gazelor de evacuare scade cu cresterea procentului de
bio-butanol. La sarcina de 85% influenta este redusa atat
pentru avansul standard céat si pentru cel optimizat, iar
pentru sarcina de 100% la avansul optimizat se constata
0 usoara cregtere fata de avansul standard la cresterea
procentului de bio-butanol, fapt ce se poate datora
scaderii coeficientului de exces de aer.
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Fig. 12 - The CO,emission versus volumetric diesel fuel
substitute ratio for different loads sarcini ale motorului /
Emisia de CO, in functie de procentul de substitutie
volumetric a motorinei la diferite sarcini ale motorului

Se constata ca emisia de CO;, a scazut la utilizarea
bio-butanolului comparativ cu motorina pentru un avans
la injectie optimizat la sarcind totald, posibil datorita
continutului mai ridicat de oxigen din molecula de bio-
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has improved due to the higher burning rate of the bio-
butanol). At a load of 85% at an optimized timing
injection, CO, emission level doesn’'t change from
standard injection timing (fig. 12).

CONCLUSIONS

Bio-butanol represents a viable alternative solution for
its use as fuel for Diesel engine in order to reduce
pollution and increase engine’s economicity.

Experimental tests performed on a Diesel engine with
direct injection revealed the influence of bio-butanol’s
percentage from the mixture with Diesel fuel on the
combustion, fuel consumption and pollution emissions.
Compared with the results of standard engine at the
operation of the engine with Diesel fuel mixture and 20%
bio-butanol, the following conclusions can be presented:
specific energetic consumption of the engine was
reduced by about 5%;
maximum pressure from the cylinder decreases with
the increase of the bio-butanol’s percentage from the
mixture, while the maximum rate pressure rise
registers a slightly increase;
gas opacity easy increases with biobutanol content in
mixture with the Diesel fuel at the full load but slightly
decreases at 85% load;
NOy emission was significantly reduced by about 25%
for example at full load at the operation with optimized
injection timing;
CO, emission was reduced by about 10% for full load;
CO emission was below measurable limit for both
Diesel and bio-butanol using.
The fuelling of the Diesel engine with Diesel fuel-bio-
butanol blends represents a relatively easy method to
apply without requiring major changes in the construction
of the engine. Researches are required to establish the
adjusting optimum parameters in order to obtain the best
energetic performance and reduced pollution with
maintaining or increasing power performance.
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CONCLUZII
Bio-butanolul reprezintd o solutie alternativa viabila
pentru utilizarea sa drept combustibil la motorul Diesel cu
scopul reducerii poluarii si cresterii economicitatii motorului.
Incercarile experimentale efectuate pe un motor Diesel

cu injectie directa au pus in evidenta influenta procentului
de bio-butanol din amestec cu motorina asupra
economicitatii si  emisiilor poluante. Comparativ cu
rezultatele motorului standard la functionarea motorului
cu amestec motorina si 20% bio-butanol s-au obtinut
urmatoarele:

consumul specific energetic al motorului s-a redus cu

circa 5%;

presiunea maxima din cilindru scade cu cresterea

procentului de bio-butanol din amestec, iar viteza

maxima de crestere a presiunii nregistreazd o

usoara crestere;

opacitatea gazelor creste cu continutul de bio-

butanol in amestec cu motorina la sarcina totala, dar

scade usor la sarcina de 85%;

emisia de NOx s-a redus semnificativ, de exemplu cu

circa 25% la sarcina totala la functionarea cu avansul

la injectie optimizat din acest punct de vedere;

emisia de CO; a scazut cu circa 10% lax = 1;

emisia de CO s-a situat sub limita masurabila atat

pentru motorina cat si pentru bio-butanolul.
Alimentarea motorului Diesel cu amestec de motorina-
bio-butanol reprezintd o metoda relativ usor de aplicat
fara sa necesite modificari majore ale constructiei
motorului. Se impun cercetari pentru a stabili parametrii
optimi de reglare pentru a se obtine cele mai bune
performante de economicitate si poluare cu mentinerea
sau cresterea performantelor energetice.
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