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ABSTRACT

e A
v/ It is a well known fact that there are limited resources

of petroleum fuels and that with their growing rate of con-
"sumption these fuels are likely to be exhausted in a couple
of decades. With groWing urbanisatinn and rapid induystriali-
sation there hasAbeenyan ever growing demand of petroleum fueled
transport vehicles for the transportation of man and material
over long distances, Their growing numbers have c;eated great
scarcities of pétroieum fuéls, whose prices héve sky rocketad
causing great hardshibs, partiéularly in developing countries
dependént on imports to meet theirifuel oil rcquirements. The
problems of growing economic strain due to this price hike,
uncertainties involQed in procﬁremeht, and the environmental
pollution caused by the combustion of petroleum fuels in
vehicular engines, have necessitated intensive search for
renewable alterﬁate'clean burning fuels.“/ o
Hydrogen, biogés and alcohols are considered as suitable
substitute fuels for internal combustion engines; Hydgogen may
prove to be a lqng term possible fuel since many probléms
reiating to its production, hazardous nature, storage and
handling are yet to be sorted out., Use of Bio-gas is conflined
to stationary engines only as it is difficult to bottle it for
mobile applications. On the other hand aIcohols-éthanol and

methanol are liquids at normal ambient temperatures and pressures,

‘hence can be handled like gasoline and diesel oil,
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Whereas alcohols which have a high octane rating were
used in spark ignition engines in the past, little or no effort
had been made to commercially utilise them in compression
ignition engines. Now-a-days these engines arc widely used as
prime movers for surface transport, power generation, farm
| equipment, earth moving and road making machinery etc. They '
have varicd and many applications and their numbers are growing
rapidly.

»/En India, the number of compression ignition engines
is very large and this has created great demand’for'diesey
fuel. This demand is partly being met through import of diesel
oil, at exhorbitant‘price./ Hence, studies relating to the
utilisation of alcohols as fuels in dieSel engines are of con-
siderable socio-economic significance. Of the two alcohols
commonly cdnsidered for automotive application, ethanol has an
edge over methanol which has a lower calorific value and is
more toxic in nature.' Ethanol is an attractive fuel for agri-
cultural countries like'India sinﬁe it can'be economically‘
produced from a large variety of agricultural crops, as also
from farm wastes;and tropical grasses. /

Ethanol or for,thét matter even methanol, because of.
the poor ignition qualities cannot be used alone as fuel in
¢xisting compression ignition engines without major engine
modifications, Its use as part substitute for diesel oil
resulting in dual fuel operation of the enginé is eésier.

This requires either ihe use of Dual .injection technique for



major ethanol energy substitution, or éthanol carbur ation. While
ethanol injection is an inherently involved method ethanol |
substitution by carburation is a Simpler.{echnique which requires
relatively minor. engine modifications.

In the work reported here an attempt has been made to
study the extent to which ethanol can be ca:buretﬁed in.diesei
engines and the effects of this carburation on eagine perfomnance
and exhaust emission characteristics. Combustion studies have
been carried out to analyse dual fuellengine performance.
Experiments have been conduc ted using both swirl type combustion
chamber and open type combustion chamber engines. ‘

For the experiments on Ricardo. swirl chamber engine,
the entire speed range from 1200 rev/min to 2200 rev/min and
static injection timing variations from 30 degrees BTDC to
40 degrees qu;vhave been covered. Knock limited ethanol
quantity (KLEQ& has been obtained for different speeds and
injection timings. At each.speed and injection timing the
corresponding KLEQ has.been kept fixed while load variatioh;
from full load to almost no load, has been obtained by‘va;ying
the diesel quantiiy. Tests have also been conducted at 50 per
cent knock limited ethanol quantity. On Petfer4open combustion
chamber engine experiments have been éondudted at 1300, 1500
and 1700 rev/min at fixed diesel injeCtiqn'timing.-

v In the present work the term full load, at a given
speed and injection timing,:has been defined as the load wﬁich

gives 50 HSU smoke level in neat diesel operation. While
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running the engine at full load, when ethanol is introduced

in steps, with simultaneous reduction in diesel quantify

(to maintain constant speed and load), the quantity of ethanol.
at which knocking commences (as uepictod on the connected
cathode ray oscilloscope), has been termed as knock limited
ethanol quantity (KLEQ). This is the maximum ethanol quantity

* that could be.substituted at full load at a given speec and
injectipn,timihg.‘ Even a slight increase in ethanol quantity
over KLEQ results in very high'rate of pressure rise associated
wi th seyeré knocking.

In order to aséess the engine performance over its
entire operating‘range of speed, load;and injection timing, the
engine has been instrwnented for obtaining ignition delay;
combustlon duratlon, peak cylinder pressure, rate of pressure
rise, specific energy consumptlon,*é;haust gas temperature,
»-power output ethanol and diesel fuel flow rates etc. *“Various .
exhaust pollutants such as unburnt hydrocarbons (HC), oxides '
of nitrogen (NO ), carbon monox1de (CO), and aldehydes have
also been measured under dlfferent engine operating condltlons.
Exhaust HC and CO concentratlons have been measured with the
help of an infra red exhaust analyser & NO with NO-NO exhaust gas
analyser., Hartridge Smoke Meter has boen usud for the -
measurement of smoke density (HSU) while aldchyde concentrations
have been determined using Wet Chemical Technique,

It has been revealed from the test results that the’

possible level of ethanol substitution in direct injection
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engine is much higher compared to indirect injection engine.
Injection timing of diesel fuel seems to have considerable
influence on the extent of ethanol substitution. Retarding
the Injection timing permivts higher ethanol substitution
together with larger improvement in engine performance. Tests
on open combustion chamber engine with overloads at 1500 rev/min
revealed that the engino‘could run smoothly even at loads
that could not be reached in neat diesel operation. At 40 pef
cent overload, the engine could take in about 60 per cent
energy through ethanol, giving wide imprdvement in brake
specific energy consumption in dual fuer mode»over puiefdiesél
Aoperation, and a véry clean exhéust with smoke density as low
as 10 HSU, |

From the test results variéus graphs have been plotted
to evaluate relative engine performance with and without
ethanol carburation., These graphs show the effects of ethanol
carbqration on various parameters such as specific cnergy
consumption, smoke level, exhaust gas temperature, brake mean
effective pressure etc. Plot; depicting changes'in engine.
‘eombustion characteristics such as ignition delay, combustion
duration, peak cylinder pressure, rate of préssure rise have
also becn obtéined to analyse variatidns in® engine performance -
and exhaust cmission characteristics with ethanol carburation.

In the current investigation it has been found that the
engine performance with ethanol cgrburation,is comparable to |
‘that in neat diesel.modé. Engine could develop power higher

than that obtainable with diesel neat as fuel, Ethanol
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substitution.results in the diesel smoke becoming cleaner,
more so at higher loads (where smoke is very dense in diesel
neat operation), 1mproved speclfic onorgy conswption at loads
around 50 por cent full load and above, at moderate speeds and
at-even lower loads, at higher engine épeeds. However, part

" load perfommance, with ethanol substitution has been found to
be generaily slightly inferior.

Analysié of exhaust effluents has revealed thai oxides
of nitrogen reduce with ethanol substitution under most of the
operating conditions,.except at hiéhervloads, where increase in
NO emission has boen observed., Unburnt HC emissions 'h.ave however
been higher with efhanol.ca;buration;; This increase has been
larger gederally at very low loa@s. vAldgbyde levels have also -
been vefy high, particularly at ﬁart loads in dual fuel mode,
co emission levcls‘do,not changé‘much at higher loads, but at
part loads CO emissioq‘has been found to be higher with ethanol
carburation, | | |

Apaft from}this experimentél work, analytical investi-
gations relating to ethanol cérburation mode have also,been'
carried out for Ricardo swirl chamber engine, The analytical
study involves application of a cdmbuétion'mOdel to predict
cylinder gas pressure and ‘temperature as a.function of crank
angle, and use of a nitric oxide,emission model to predict NO .
emission levels, In 'thelformulation of the combustion model,
the combustion chamber has been divided into two portions,

prechamber and main chamber connected by a throat passage. As
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diesel fuel. is injected into the prechamber, combustion is
first initiated there, and the products of combuétion flow
through connecting passage to the main chamber,

In the dual fuel mode, the net energy release depends
upon the individual enefgy release pattern of the two fuels,
Rate of heat relecase by diesel fuel has been c¢stimated usind
the experimental injéctibn rate diagrams as input and emploving -
the two triangle. burning rate scheme of Austen and Lyn. Ethranol
' burning\rate has been predicted considering premixed and diff-
usive burning of ethaﬁol Vapour. gurning rates have been
expressod by empirical equations througﬁ some in cylinder para-
meters, This combusfion model has-been used to predict cylinder -
gas pressure and temperature and NO f§rmed, as a function Qf
crank angle at baseline condition for both the prechamber and
main 6hamber in neat diesel operation and in dual fuel operation&
at different loads. Values.predicted have been compared with
those obtained experimentally.

This study has cloarly shown that in swirl chambor
engine at baseline speed of 1500 rev/ﬁin and 38 degrees BTDC
injection timing about 20 per cent energy at full load could
be supplied through ethanol. Lowei speeds édn tolerate little:
higher proportion of ethanol whereas higher speéds are able
to accept little lower levels of ethanol substitution. .Aboxt
50 per cent energy contribution through ethanol at full load
could be providéd in an oben combustion chamber engine. 'Impro—
vements due to ethahol carburation are best reflected at higher

loads and overloads.



In general, there has béen an improvement in efficiency
at higher loads while at part loads, efficiency in dual fuel |
mode hag buen losgs than in neat diesel operation, lowover,
at 2200 rev/min (the maximum speed in swirl chamber engine
used in the present inveétigat;ons) efficiency with ethanol
carburation has been béttér than neat diesel efficiency at
all loads. More percentage energy'substitution by'ethanol could
be allowed at retarded injectién timings.> At 1500 rev/min znd
30 degrees BTDC injection timing'aboutISO per cent energy could
be supplied through ethénol, whereas at 40 degreeé BTD:vinjeqtion
-timing this value droppeddown to 16.5 per cent.

Ethanol carburation can bé profitaﬁly employed in exisfing
compression ignitioA éhgiﬁes without an; major engine modi-
~ fication, Its use can lead to subétantial saving of the scarce
diesel oil, énd.alsp generaliy-reéuce exhaust NO cmissions,
Ethanol carburation cah‘thus'provide an immediate though pértial"
'solution to the growing diesel oil scarcity in ceveloping -

countries having little or no oil reserves of their own.
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