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ABSIRACT,

With a viov to assess the gsuitability of aleohol-
gasoline blends as fuels for S.l. engineé, the 5.I. engine
performance vith various aleoholegasoline blends wms studioed,
Different percontages of alcohol-gasocline blends were {ried
to £ind if they bring about any reduction in the knocking
tendency, improvemont in pover output, thermal efficiency
and reduction in specific fuel consumption, under various
engine running conditions. From the results obtalned,
various graphs were plotted to drpw suitable conclugions
regarding the performanco of 8.I. engines with various

alecohol~gasoline blends,

One of the most important consideration regarding
the suitability of a fuel for S,I. engines 13 its anti-knock
charactoristic. Theroforoy first of all the anti-knock
charactoristic of various aleohol-gasoline blends was found
by using Riecardo's mothod of knock yating vhieh congiptod in
£inding out the H,U.C.R. It wap found that addition of
aleohol in gasoline increases the H.U.C,R. showing thereby
that higher tho porcentago of aleohol in the aleohol-gasolino
blond, the better tho anti-knock characteristic of the blend.
Tho H.U.C.R, of theoe blonds, ranging from O to 100 & alecohol,
vas found ot two difforont engine speeds and it vas noted
that at higher engine speeds the wvalue of H.,U.C,R., increasos.
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Iﬁ the second part of the investigation, experimaﬁt
vng done to f£ind out the power output, thermal efficlency
and gpecifie fuel consumption obtainable with various
aleochol-gasoline blends under given engine settings.

This vas done in order to find out as to vhich blend was
most suitable to work on a 81Vén.3¢1e engine vithout
altoring its compression ratio, carburettor setting and
imition timing. The results wvere plotted and it was found
that with the same engine settings a 10 ¥ alcohol~gaseclino
blond 1s the best blend in as much as it gives greater
pover, better thermal efficlency and losser fuel conpumption
than obtained with any other blend. ‘

The maximum pouer obtainable from a given engine
(fixzed compregsion ratio) when using various blends wvas
then found. In this part of the oxperiment the earburettor
potting and ignition timing vwore adjusted to give optimunm
conditions for oach blond and the resulting powor output
vas rocorded. This could be done only with aleohol-gasoline
blends ranging fyom O to 60 $ aleohol; because of limitations
of the carburottor setting, From the results, it vns
coneluded that maximum power obtainable ineroeses vith tho
porcontage of aleohol in the blend,

InerTonse in thoe aleohol percentage in the aleohol-
gasolino blend pormits the use of highor compression ratios,
Tho thermal efficioncy is proportional to the comprossion



(v )

ratio and it is important to consider the thermal efficlency
at the highest compression ratio each blend would.withstand,
Henece the maximum output, thermal efficiency and specifie
fuel consumption was found for each blend at the optimum
compression ratio, carburettor setting and ignition

timing »

Specific fuel congumption and thermal efficiencies
obtainable with each blend at full load, three fourth,
half and quarter load were also plotted in order to get a

comparative idea about the various blends,
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I -1 5, 1. ENGINE FUELS AND THEIR REQUIREMENTS :

In case of spark ignition engines an alr fuel
mixture is takon in during the inﬁuction gtroke and
combustion 1s gehiev%ﬂ by applying a spark to this mixtuce
after sufficiently compressing 1t. As such S. I. engines
“have some speciasl fuel roquirements. The most lmportant |

of these requirements are s-

(1) Volatility

(1) High Latent hoat
(141) Antiuknuck tendency
(iv) High Calorific value

(v) Propor Distillation range for ease of starting
the engine quickly

(vi) Highor hoat value of the mizturo

(1) S. 1, engine fuecls have to bo volatilo so that thay
nay vaporiso readily and form a mixture with air during

the induction stroke. If tho volatility of the fuol is

low, it has to be warmed up before its ontry to tho

“eylindor so that it may not condense in the induction system,
Honco vith puch fuols the charge temperatures are higher
ropulting in lower wolumetric officiencies and logs of

povor on this count, For this reason tlome;, the pouver
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obtainable with Kerosono ig 16 € lower than that obtainable
vith eny other hydrocarbon at the same compression ratio.

(41) Latent heat is a verwfimportant consideration, The
evoperation of fuel during the induction stroke brings about
a lowering of the charge temperature and to that oxtent
increases the density of the charge taken in, The lower

the cherge temperaturo greater will be the amount of charge |
that will bo taken in. The weight of the charge that ia |
teken into the ¢ylinder is inversly proportional to the
absolute temperaturc at the moment tho inlet valve closes.
This temberature‘depénds upon the latent heat of the fuel.
Hence a larger,lataﬁt heat of thg fuel 18 desirsble,

(114) One way of increasing the power output of an engine
and its thermal efficiency, is to employ highor comprossion
ratio. However, therekis a limit to which this compression
ratio can be raised for a given fuol. Increasing the
comprossion ratio beyond this limit sots in dotonastion with
o consequent loﬁoring of power output and thormal officiency.
Thio comprossien ratio is called H.U.C.R, - tho highest
ugoful compression ratio and it is a measuwme of the anti-
knoock charactoristic of the fuel.

(iv) The calorific value of a fuel gives an indication
of tho conpumption ratc of tho fuocl. If a fuel has a lowor
calorific volue a largor amount of it will be noeded to do
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tho same smount of wvork, Honee it is desiradble to have a
highor calorific value of the fuel.

(v) BStarbility of an engine is related to the
distillation renge of the fucl used by 4t. Brown (1) hes
obtained an emperical relatiomship botween ptartability
and 10 ¥ evaporation tomporature vhen the fuol is distilled
in the standard A.S.T.M. mothods He states that this
temperature must be less than (126 + 6/4 oir temporature)®F,

Brovn's findings apply to various petrols,

(vi) The pover output of an ongino depends upon the

heat value of the mixture that is takon in by the engine
during inducation strolte. This heat value depends upon

the calorific value of the fuol and the proportion of fuel
end air in the mixture dravn in during the inducation stroke.

In tho light of theso roquiromonts the range of
volatile Lfuels avallable for high speed internal combustion
carburgttor onginos are at present limited to potrol,
benzoly kerosone and aleohol, Somo of the proporties of
these fuels havo beon compiled and shown in tablo no. 1
vhich givos a relative idoa about theso fuelas.
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From table no., 1 it can be concluded that alcohol
fuels are better then others because of their better anti-
knock characteristic, higher volumetric officiency (higher
latent heat of vaporisation) and greater wvolitality. Apart
from these, they have another advantage which as discussed
belov inereases the noed of aleohol fuels all the more.

The fuels of table I can be divided into two classes..

The first three belong to the category of 'stored' fuels
vhile the Alecohol fuols are the unstored fuols. Stored
fuels are the fuels vhich, as the name suggests, have been
in the storage of earth for long periods. Major fuels of
this type are coal and oil. The resources of both of these
fuels are very vast dut not unlimited. With our present
knowvn resources of coal and o0il anéd the rate of congumption
it is foared that both of these fuels will bo exhausted

soon. Undoubtedly more coal and oil will be discovered

to add to our resorves with no less doubt that the worlds!
consumption of theso basic fuels will increase vwith increased
industrialisation. It appears that vhile the discoveries
grov arithmatically, congumption grows geometrically and
vhen in near futuro the consumption overtakes discoverios

the world will be heading for %9duatr1al disastor. Ho

doubt in future alternate sources of power vill be exploited;
tidaly, the vorlds' internal heat and the most potent of
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From tabie no. 1 it can be concluded that alecohol
fuels are better than others because of their better anti-
knock characteristic, highei volumetric officiency (higher
latent heat of vaporisation) and greater volitality. Apart
from these, they have another advantnge which as discussed
below increases the need of aleohol fuels all the more.

1”2' !

The fuels of table I ecan be divided into two classes.'

The first three belong to the category of 'stored! fuels
vhile the Alcohol fuels are the unstored fucls. Stored
fuels are the fuels vhich, as the name suggests, have been
in the storage of earth for long periods. Major fuels of
this type are coal and oll. The resources of both of these
fuels are very vast but not unlimited. With our prosent
knowvm resources of coal and ¢i)l and the rate of congsumption
1t 1s foared that both of these fuels will bo exhausted

soon, Undoubtedly more c¢oal and oil will be discovered

to add to our resorves with no less goubt that the wvorlds!
consumption of these basic fuels will inerease with incroased
industrialisation. It appears thét vhile the discoveries
grov arithmatically, consumption grows geometrically and
vhon in near futuro the consumption overtakes discoverios

the world will be heading for %9duatrial disastor. No

doubt in future alternate sources of powver vill be exploited;
tidal, the worlds' internal heat and the most potent of
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all atomic energy. [Dover the less, our present eccnomy
demands liquid fuels and there are various reasons to
belicve that for a long time to comey small independent
pover units fed by liquid fuels will continue to be used,

It is, therefore; desirable te search out and
invostigato the possibility of the use of unstbrcd liquid
fuels for future use. Aleohol is one such fuel. It is an
excollent fucl and it ¢an be produced in sufficient
quantity from vegftable matter, farm waste or wator gas.
Its Lse may be regarded as a direct method of obtaining
energy from sun without the intermediary of storage in
.earth for long period of timo. As long as the sun shines,
plants will perform thelr synthesis of starch frem the
abundent carbon di-oxide and water that bathe our planet,
From this annually reneved store of raw materials, asleohol
can bo readily producod., Its produetion from vegitablo
sources involvos no drain on the vorld!'s storage as by
using this fuel; wo are using tho sun's onorgy, as it is
availablo from day to day, to developg motivo powor.

As against this, theo use of sborod fuels involves a dxain
on our fixod asseto. By using tho ptored fuclg, ve arc
squandoring away our capital vhorcas by using the alcohol
fuols as if 1t wroy vo aro living within our incone.

Tho alechols vhich aro of interoot ap motor fuels
aro for roasons of boiling range‘only tho first fov mombers
of tho monohyéric sories. Hethyl alecohol (B.P. 68° C),
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Ethyl alcohol (B,P. 78° C), N-propyl alcohol (B.P. 97° C)
and N-Butyl alcohol (117° C), Table II gives the important
properties of the four alcohols mentioned @

Name ‘ Methenol Ethenol Propanol  Butonol
Formulae CH40 CoHg0 C afig0 CqHy o0
Molecular

weight 32 46 60 74
Specific

gravity 0,792 0.786 0,799 0.8086
Boiling

point 149 172 208 244
Gross Calori-

fic vaiue :

BTU/1b. . 9770 12800 14500 - 16800
Latent heat |

of evoperation '

BTU/1lb. 502 396 296 254

Alr fuel

ratio §'4 to el 10,6 1 } 11,1 : 1

TABLE 1I « Giving variaua'properties of Alocohol fuels.

Out of these, the last two are not used as fuels
because of their higher cost of produstion. Hence the
alcohols of practical interest as fuels for S. I. engines
are the first two members of the series.

Methyl alcohol is a product of destructive distilla-
tion of wood. It is a colourless volatile 1liquid which 1is
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partially soluble in water and having a B,P. 85° C ané

specific gravity 0,8 , It can also be made by synthesis

from carbon monoxide and hydrogen (water gas).

Mixtures of methyl alecohol are often used in super-
charged engines for racing purposes largely on account of
the increased valumetric efficiency resulting from higher
latent heat of evaperation of this fuel, However, methyl
alcohol mixtures are more liadle to preignition and this has

been a major restriction in the use of it as a fuel,

Ethyl alecohol is obtained by fermentation of
vegBtable mattey, It 1s produced commerclally from starches

of cereals and potatoes and from molasses and sugar by
procoss of fermentation,

Its use as a fuel mixed with hydrocarbon fuels was

. periougly restricted in the beginning because the straight
distillation of ethyl alcohol (which was then in use for

1ts production) could not yield a material richer in aleohol
than 96.6 ¥ by weight. The presence of water.seriously
linited the miscidility of alcohol with hydrocarbon fuel,

Also the addition of further quantities of water even in
small quantities caused separation of the components,

However, now with the application of the methods of azeotropic
distillation, it 15 possible to obtain 99,6 £ spirit. With
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this almost compiete miseibility is obtained in any

proportion certainly well beyond the 1limits of the probable

nizturos.

BEthyl alcohol as a fuel (vhen used alone oOr as &
blond with hydrocarbon fuels) for I. C. engines offers the
folloving advantages s=

(1) Greater safety by reason of its lov degree
of volitality and higher flash point (about 66°F)., 1Its
vapours are not quito half ac hoavy as those of potrol so
it doés not ereep and accumuléte in dangaroué quantities
on low levels, and a highey praportion is neaded to form

an explosive mixture,

(2) It mizes in all proportions with water and
buring alcohol can be easily extinguished with water.

(3) Its uniformity of composition is another point

in its favour,

(4) Higher volumetric officiency is obtained with
this fuol, Volumetric officiency depends upon the charge
donoity and this is offoeted by the charge temperaturc.

Charge tomperature is lowest vith fuels of highoot latent

hoat. Ethyl plcohol 4o o fuel having o high latont hoat (396
BTU/1b. vhilo that of petrol is only about 136 BIU/b,).

If during tho induction stroko, wo assume complote vaporisation
thon tho fall in taomperature will amount to 21° C for potrol
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and 86° C for Ethyl alcohol., Ricardo has recorded for a

certain engine operating at a compression ratio 5 : 1 with
jacket temperature of 140°F, induction temperatures for
petrol 268°F and Ethyl alcohol 160°F. With Petrol, he
obtained volumetric efficiency ranging from 76.5 % to 78 %
for mixture strengths varying from 20 £ weak to 30 % rich
respectively. With Ethyl alcohol the volumetric efficiency
for the same range of mixture strength was between 80.5 %
to 86 £, Moreover, by richening the mixture, volumetric
efficiency increased faster with alconol fuel than with
petrol fuel, | |

(5) It 15 an anti~knock fuel and has the ability to st£;E::::::::
very high compressibn ratios. The Octane rating of Ethyl

alcohol 45 above 100 (2), This advantage coupled with the

advantage of liigh volumetric efficiency has made alcohol

fuols hot favourities for racing car engines. Discol (R.D.1)

and P.,M.8, 2 are two well known raclng fuels composed of

mainly Ethyl alcohol. Natalite 1s another alcohol fuel

composed entirely of Ethyl alcohol which has been partially

oxidised to ether, '

(6) There is no fear of preignition in case of Ethyl
alcohol even at the high compression ratio that can be
employed with this fuel, |
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(7) In many hot contrieas the use of more volatile
spirits is almost impossible whilst in hotost climate
aleohol is perfoctly safe.

(8)  Alcohol fuels tend to give loss carbon monoxide
'1n the exhaust gases than potroleum motor gpirits. Lichty
and Phelps (3) have recorded the effect of ndding 20 &

of othenol to unleaded petrol. Thelr general conclusion isg
that the percontoge of CO 38 1 to 2 € less at all loads and
speeds and that this meoans a lower thermsl logs of 2 to ¢ &,
This is valuable in itsolf, but the gain in atmospheric
purity is inportent sineec an ongine under full load will give
an oxhaust gas which contains 2 « 3 § CO vhich may inereaso
to three times this value at half gpoed, ’

(9) Alcohol blenda tend to produce legs carbon
deposits than normal poetrols and that the dopopits are .-
softer and easior to rcmove. Mantoll (4) has suggested that
carbon deposits in an cngine may be removed by poriodic
running on alcohol blond. The alcohol softens tho earbon

vhich 45 ovontunlly burnt svay.

(10) Tho ptartability of tho engino imnroves vith
cddition upto o maximun of 20 7 of aleohol, Howes (6) has
ptatod that on addition of 10 § ethyl aleohol improvos tho
ptartability of potrol at temperature down to OPF, Haffort
cnd Clozton (6) roport that othyl aleohol improves the
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ptartability of benzol dlends, Thus a certain petrol
pormitted a start at an sir tompeorature of 10° C within
twenty revolutions of the ongine. The addition of 20 4
benzol allowed a start to bo madeo within £iftoen revolutions.
The addition of othyl slcohol to tho benzol blend reduced
the number of engine revolutions to start, unlesé the
othonol content of the blond emcoeded 40 £, vhen it causged
tho startability to be impaired. At zeoro dogree centigrado,
the addition of ethyl alechol upto 20 £ improved the
startability of normal potrol., At 50°P gome what similar
results wore obtained oxcopt that the differonce betwoen

various fucls became logs mariced,

Hovevar, the use of othyl alcohol as fuol involves
the following difficulties 3~ |

(1) Its calorific value is only two thirds that
of gasoline henco the quontity of work produced in the
combustion of a givon weight of alecohol will be less than
that producedvby the combustion of an oqual woight of
gasoling and as a practical result the fuel consumption
in torms of m.p.g. would be lapsor than that obtained with
petrol.

(2) Ouving to its low hydrogon content the ratio
of oleohol to air in thoe working mixturc is greoater thon
with normnl potroloun baso fuolp., Tho ratio for comploto
conbustion being in the region of © to 1 or in torms of fuol
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to alr O.11l. This characteristic demands the use of a
metering Jet orifice of considerably larger area than

vhen petrol is used,

(3) It has a highor surfacc tension and is less
easy to atomise.

(4) It vill not mix with ¢4l and causo lubrication
difficulties in the upper parts of the cylindor.

(6) It hao & high solvent power vwhich affects
joints and can wash proviously deposited gum from tanks

and transform them to the angine.

(86) One of the troubles vhich have arisen ﬁitﬁ
aleohol in englnes has been that of carrosidn of valves ete,
due to production of acid bodios. The partial oxidation
of alcohol takes placo at low temperature and leads ta.
tho formation of aldchydes, which aubsequontly bosome aeidse.
Ethyl alcohol begins to show formation of aldchydes at
300°C, but methyl aleohol, which oxidises more roadily, at
160° ¢, '

Aldchydo formation is due to incomplete combustion.
Givon on oxecos of air it shouid not oceur. With ovon o
snall doficiency at o moderate temperaturey; somo aldehydes
ond acotic acid are cortain to be formed from othyl alcohol
ond tho exhaunt gasos are alwvays lieblo to contain tracos
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of acids. Running a fev rovolutions on petrol or benzol
before stopping tho engine is found to overcome the troublo
of corrogion, and this gctually offors no great 4ifficulty,
for in many cases such fucls are necossary for starting

up. It must be rcmembercd that vhile the engine 1s hot,
these acid products will not affect the motal. It is only
on cOoling)vhich leads to thelr condensation on thoe surfaces,
that action will got up, For this rcason; the silencer is
generally found to suffer most. To noutralisec tho aeid
products vhich causo corropion, Various basie volatile
bodiesy concentrated ammoniay, nicotino ote, aro sometimes

added in vory small quantitios.

{7) Anothor type of corrossion is that vhich
sets up by the fuel 1tsclf on tanks, pipings ete. 1In
extensive trials of powor alc¢chol or alcohol benzol mixtures
cgrrieﬂ by tho London Goneral Omnibus Company, Copper and
Iron wore found to bge badly attacked, By 'tinning'! with
leod or-léad'tin alloy, this was provontcd. Tho action
appoars €0 bo duo to ostors in tho wood naptha, vhich on
| hyﬂrolyaio§ givo #iso to tracos of orgonic acids. It should
ﬁot, theroforo, occur with syathetic mothonol, The addition
of a conll quontity (0.2 to 0.3 $) of sodium bonzoato is
stated to bo o proventivo. Oomandy (7) claimod that corrosion
did tako placo if anhydroup aleohol wore uged,
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Almost all of these disadvantages can be overcome
in one way or the other and will not prevent the use of

alcohol in I. C, engines.

However, considering all these factors and also the
higher cost of alcohol, it is not desirable to use alcohols
in their pure state as fuels in 8. I. engines, They should
bo used mixed with other fuel or fuel mixtures so as to
inpart sdme of the important properties to the resultiﬁg
mixture namely higher compression operation without knock,
greatér fuel economy and lower exhaust temperatures. The
higher latent heat of the alecohol content plays an important
part in the effectively cooling of the cylinder under the
high compression and engine speed conditions, In this the
alcohol-gasoline blends have an advantage over those which
derive their high Octane rating by addition of Tetra-ethyl
leads 1t is, therefore, worth-while to study the performance
of the S. I. engine with various alecohol-gasoline blends
80 as to assess their effect on engine performance to f£ind
the most suitable blend, With this view the following
expar‘imehtul work was undertaken.

I - 4 SIATEMENT OF PROBLEM -

(1) To investigate the anti-knock value of various
alcohol-gasoline blends by finding their H.U.C.R. values and
to corelate the H.U.C.R..uith percentage of aleochol in the
blend. |
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(11) To determine for a given S. I. engine
(earburettor setting, Ignition timing and compression
ratio fixed) which blend of alcchol-gasoline is most
suitable, |

(111) In view of the higher anti-knock value of
various alcohol-gasoline blends, to find the gain in power
and thermal efficiency if the engine is run at the higher
compression ratios which the various blends permit.

(1v)  To study the engine performance with various
blends.
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A EVIEN oF LIIBRRAIURE,

Considerable work has been done regarding the use
of alcohol and alcohol~blends as I. C. engine fuels. This
work has mostly been carried out in the countries having
no or little indigenous oil, Countries.rich in oil or
having control of oil flelds in othor countries have disg-
couraged the use of alecohol blends as fuel and have
emphagsised the disadvantages in the utilisation of such
fuels,

In several European countries and in Japan, which
have to impart gasoline the law requires that a certain
amount of alechol varying from 3.2 to 25 £, depending upon
the country, be added to gasoline whensold as motor fusl,
In Czechoslavokin the law requires .. % a 20 % inclusion
of ethyl alcohol to all the petrol sold, In Sweden, 1t
is usual to include about 26 ¥ of alcohol in motor spirit,
In Frenece the three motor fuels which contain alcchol are
(1) Carburant Touriseme - containing 11 -~ 20 % alcohol
(41) Carburant poid Lourd - with less than 36 % alcohol
and (114) Super carburant alcohol over 16 %£.
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Hubendik (8) in Sweden has worked on alcohol blends.
He oxamined a mumber of aleohol blends on a high compression
engine. He found that the power outpout inereases as tho
percontago of alcohol in the blend 1ncfeases upto 16 &
aleohol. Maximum power is cobtained with 15 $ ethanol bdblond.
Inereasing the ethanol content thereafter causos a decroasc
in pouver output, although a 26 % othonol blend is again
oqusl to bagic potrol. He furthor found that othanol blends
containing not more than 26 £ ethanol give no higher |
consumption than basie petrol, the optimum value being 15 %.
Increasing the ethanol content thereafter causes an inercase
in fuel consumption, Upto 25 & blond, the congumption is
lowver than that obtained with bagie potrol.

The Swadiah Governmont marketed a 25 $ ethanol blend’
called "Lattbentyl®. Hubondik published a report of ten
years operation of this blend. He stated that the porformance
wos satisfactory and that a driver ecouléd be avaro that ho
vas running on alcchol fuel only because of its smooth
running. |

In Japan, Suwva (2) has Gono work with aleochol blends
on a standard C.F.R. Engino. His reosults showod that vhon
knotk vns absont, tho addition of othanol to potrol morvoly
introased the fuel consumptiong but by taking advantago of
ineronso in ignition adwvanco possible with tho aleohol blond,

povor ocutput was ineronsod and fuel congumption roduccd ao
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compared with the petrols This effect was more marked at
higher compression ratios permissible with high anti~knock
alcohol Blends. Blends upto 30 £ aleohol gave specific
fuel consumption less than that of petrol alone. Tests on
~road with normal cars gaﬁe similar results. The amodthness
of running was most marked with the aleohol blends,

Similar results have been obtained by Teodore (10)
in Phillipines, He concludes that blends containing & to
30 % alechol are superior to petrol alone. The smallest
gpecific fuel consumption was obtained with a blend contain-
ing 16 £ aloohol.

Inthe U.K., work on this has been carried out by
Kicardo, Tizard, Pye and Ormandy with similar results,
Ricardo’s racing fuels R.D; and R.D, containing ethyl
aloohol have been widely used, |

Fritzwelr (11) 1n'Garmany has expressed the opinion
that fow motorists who have used a good aleohol blend will

ever desire to change,

In South Africa, Walker (12) has reported on excellent
results with a blend of 40 ¥ ethyl aleohol, 40 £ benzol
and 20 § petrol. Hobbs (13) has expressed the opinion
that alcohol blends make excellent motor fuels producing
higher outputs and no more corrosion than experienced with
petrol,
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In Uniteod States of Amerieca, petrol-nleochol blends
have bocon oxtensivoly investigated. Christinnsen (14)
has obtaincd favourable results. The Chemical Foundation
has produccd an alcohol blend called Agrol (having 10 &
alcohol). Howovor, Gustav Egloff (16) has digputed the
sultability of alcohol blends and has stressed the 4iffi-
culty of soparation, inferior accelerationg cold corrosgion
and inc¢reascd cylinder wvear. In one sories of tests extond-
ing over ninoty dayé using 28,000 gallons of mixture
containing 10 ¢ alecohol éith car spoeds of 30 m.p.ho, tho
fuel gave about 10 £ less mileago. One pint of commercial
anti-knock potrol gave a miloage of 3.2 § 60 ~ 62 U.S5. petrol
gave 3.176 and alcohol-petrol blend 2.9 miles.

~ On tho other hand,; it has been c¢laimed (16) that
German Honopolin 20 $ absolute aleohol and 80 § potrol
showad a saving of 1.7 $ over petrol and 10 § ovor petrol
bonzol mixturo., In tests carried out on the standard
C.F.Re engine the 10 $ alecohol-petrol blond gave 6 < highor
octane value.

Tho sbove rovicw indicates that the parallel vorks
carriecd out invdifferont comntries ghov the presence of
tvo gchoolo of thought over aleohol blonds, dut fron tho
litorature availoble there so-ms to be an overvhelming
eacc for tho potrol-alcohol blendsg.
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RXPERIMENTAL APPARATUS AND TECHNIGQUE

The invoutigations have been ecarricd ocut on Knock
Tosting Engino B.A.S.F. The complete unit consists of
the teosting engino, eleotrical loading and accossory
equipment, The ongine is singlo eylindor having a bore
2-9/16", stroke 3-9/16" and a digplacemont of 20,38 cu.in.
The output of the tosting engine 1is 0.6 K.W. at 600 rep.m.
and 0.9 K.¥We at 200 r.pom. with a fuel consumption of about
400 ml,/nr. at 600 r.p.m. and about 600 ml/hr. at 200 F.p.m.
The comprossion ratio is continously variasble from 4 3 1 to
11 t 1 vhilo the ongine 1o pporating. This 1s achioved by
rotating the cylindor adjusting crank,'which drivoo a vorm
goar. The cylindor may be raised or lovered in this mannor
and any comprossion ratio betwoon 4 gnd 1l obtained.

The enginc is fitted with a carburcttor with throo
adjustable fucl containers to change the kmock intensity by
varying thoe levol. Each of tho fuel containor may bo
connccted by a fucl solector valve to the main jJot. Evory
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contoinor is omptied by a float actunted needlo valvo on
tho bottom. Each containect 1s adjustable in height position
by o thread in the outlet socket. In this wvay the fuol
lovol in the float chamber is vagyiable for alternating
mizturo ratios, By varying it the fuel quantity, vhieh
flouo from the main atomising jot intc the manifold socket,
may bo changed. Tho air volume remaining constant, this
proccdurc modifies the fuel-glr ratio and at the same timo
tho knock intensity. The float and floating chamber wallg
arc nado of glass. S0 the adjusted fuel level is visible.
Every sot of the level is indicated on the etched glass
pocale of the floating chamber wall, One full turn of the
fuol container changes the level for 2 mmg, = ) division

on the sealo,

The ongine is eranked, motorod and londed by a three
phose inducation motor, drivon over 2 V«bolts. A wntt-metor
indieatos povor dolivered. The engine spoed can be odjustcd
at 600 r.pem, Or at P00 r.po.m. by changadblo V-bolt pulleys.

For complote dotails of the apparatus and tho
inptrumentationy roforcnce may be mado to "Knock Tosting
Enginoe BoA.S.Fo Fuol Rating and Oporation" by Prang Janstch.

111 - 2, EXPERUENTAL TRCHNIQUE

Tho oxporimont was corried out in tho folleowing
ptoges 1~
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(iv)

(v)

(vi)
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To find the effect of various aleohol-gasoline
blends on the knocking tendency of the engine.

To £ind the pover oute-puty, fuel consumption and

thormal officioncy with various anleohol-gasoline blendo
at samo engine aotiings vig. same sotting of tho
carburcttory; ignition advance and compression ratio,

for each bleond.

To £ind maximum pover, corresponding thermal efficioncy
and specific fuel consumption obtainable with each
blend at same compression ratio but optimum mixturo

strength and ignition setting.

To £ind maximum pover, thermal efficicnecy and specific
fuel congumption at the most optimum conditions for
each blend i.o0., at tho H,U.C.R, 0f cach blend with
mixture otrength and ignition timing adjusted for

maximum powor.

To plot conpunption loopo and thormal officioney
curves for goro, twonty, forty, sixty, eighty and
hundred percont anlecohol-gasolino blendsg,

To dotormino the calorific value ond spocific gravity
of each blond and to corolato thom with the poreontago
of alecohol in tho blond.
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(vii) To porform the opon curcuit and hold om tost on the
3=phnso induction gencrator couplod to enginc in
ordeor to drav the circle dingram for £inding the
input to tho generator (output of tho ongine)
correoponding to various watt-motor éendings (output

of tho genergtor).

In thofolloving pages is given in brief tho axperi-
nontal procedure adopted in eech exporiment.

(1) Ricardo showed that fuels could be made to knock if
the compression ratios were sufficiently high. He
dosigrd the first continously variablo comprossion
ratio engine and vith 1ts help, rated the fuels in
aecordance with the maximum comprossion ratio thoy
could withotand without knock, He invented the
first system of knock rating and coined the phraso

lH.U.C.R« His syotom of ‘'Knock Rating"is in somo
vays superior in agoossing fuels t:ho.ﬁ ths Octono
ocale nov fachionablo.

Rienrdo!s mothod of knock rating consigted in
dotormining tho highest useful compropsion ratio to
vhich a fuol nay bo subjcetcd boforo tho ineroase in
knock cousos o reduetion in Powvor output Lrom tho
engine undor cortain defined conditions. It is not
the highost comprossion ratio tho fuol would withotond,

| but tho highost ratio thnt is vorth whilo to omploy.
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It pay bo bottor undorstood by considering the test

proecduro,

The engine wng set at o lov comprosbian ratio
00 that the fucl would operate without knoeck. It
vas allovod to yun for half an hour to vorm up. Then
tho compression ratio was varied and the watt-motor
roading noted,adjusting nixture strongth and
ignition sotting for maximum powor, At some ratio
6.45 knock tras hoard., Provious to this at 6, a slight
harshness to running was cbsorved, but incroaso in |
compression ratio still resultod in increasec in
pover. At this compression ratio 5.463 tho engine
continmued to run at full powver wvithout distross or
dangor to the onginey the knock romaining glight.
On ineroasing the ratio boyond 65.456 the knoeck becamo
more pronounced and after a fov minutos dropvin powor
vas obsorved. By rotarding the ignition and enrichonning
tho mixturoe, the knock could bo supprosscd and ovon
highor ratios could be upod upto 6.8, but tho power
output vas reduced and fuol congumption insronscd,
Hence 1t was concluded that the comprossion ratio 65.45
vas thomost offieicnt for that fuol (Potrol) as highor
ratios offorcd no bonofit in povor or consumption.

Its R.U.CsR. wvas therofore rocorded as 5.456,

By ozamining samples of 1075, 208, 3073, 4073,
BOS ¢ssee 1008 aleoholy, thoir H,U.C.R, was found in
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the same manner and recorded in table no.ii1t 41V

This part of the experiment was performed with a view
to f£ind out the mosgt apitable alcohol-gasoline blend
which may givé higher thermal efficiency and lower
consumption without, however, requifing any alternations
in the engine settings.

The engine was started with gasoline for this
experiment and was allowed to run at full load for.
about half an hour to warm up. The carburettor fuel
eontainer level was then set for maximum power for
gasoline. The power output and the time required to
econsume 100 ce., of gasoline were noted, In the mean-
while a 6 # aleocholegasoline blend was filled in
the sewnd fuel container of the carburettor, The
float level in this container was kept at the saﬁe
level as in the first container, The main jet was
connected to the éuconﬂ fuel container and allowed to
run on that blend rof fifteen to twenty minutes..
When the level of fuel in the container came to a
premade mark on it, then 100 ¢,c, of blend was put
into the container and the time taken for it to be
consumed was noted by a stop watch, In the mean while,
the first container was drained of its residual fuel
and refilled with 10% blend, After the time of
consumption of § ¥ blend had been noted, the jet was
connected again to the first container by the fuel
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(1iv)

(v)
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selector velve and the same précadure was repeated,
Vith different blends upto 100 ¥ alcohol, the datas
80 obtained were tabulated as shown in table no.
From this the power outpout, thermal efficiency and
specific consumption were calculated and results
tabulated in Table No. XX

The goneral test procedure adopted was the same
as in the previous case except for the fact that
for each blend the mixture strength and ignition
timing were adjusted to give maximnm power, The

‘results obtained have been tabulated in the Table

N0, XX

To f£ind the maximum power at optimum cdnﬂitions, use
was made of the H.U.C.R. values which had been obtained
eariier. The engine was run at the H.U.C,R. of each
blend and the output and fuel consumption time were
recorded with the ignition timing and mixture strength
ad justed for optimum power in each case, The
observations were recorded in Table No. XXV

In order to plot the consumption loops, one fuel blend
was taken at a time., The load was varied and the out-
put and consumption at each load was recorded, The
output was varied by adjusting the carburettor fuel
container level setting. The engine was allowéd to

™un for about half an hour at each load before a
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reading vas recorded. Observations were recorded in
Table No XXVII

The calorific value of each blend was found
oxperimentally by the B.T,L, bomb calorimoter for
a complete doscription of vhich reference may de
made to B.T,L. bomb calorimetor outfit Brochure
No, N 208,

Firot of all the water equivalont of tho
caelorimotor was found by burning a known weight of
Benzoic aclid the ealorific value of vhiech is known
precigoly (6319.1 cal./gm.). Tho eruciblo was veighed
accuratoly and was then filled with about 1 to 13
gms, of Benzoic acld and rowveighed to find accurately

'fhe veight of bbnzoic acid put in., The crucible was

placed in the bombd which was reassombled and chargod
vith oxygon to about 265 atmosphoros. Tho bomd was
imierged in wator to tost for leaks. Tho eloetric

‘connoctions vare nodo and gtirring gear started, Thoe

charge vas fired by closing the guitch and the obsor-

vations vore rocordod as shovn in tablo no.¥

Tho ‘oxporinont was theon porformed with varioug
blonds and tho obsorvatioms rocorded as shown in
tho tablo no.VI-XviThe calculations for the calorific
value havo algo boon shown bolow oach sot of

obsorvations,
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(vii) Open eircuit and hold on tests were mnde on the three
phase induction machine so as to f£ind out the input
of the geneorator corresponding to various values of

the output.

In the open cirecuit test, the machine was run
vithout locad. Rated wvoltage of 400 voltp was applied
and radings of tho ammeter and the two untt-metors
provided in tho circuit were rocordod as ghown in

table no.xXviL

In the hold on testy tho machine was proeventod
from rotating,; by holding tho pulley on its ghaft
by hands., A roduced voltage vas applied to obtain
the rated current vhich was read in the am-meter
provided. The pover supplied was obtained from the
readings of the two watt-meters incorporated in the
“eircuit. The observations vore recorded as shown in

the table no AUX

From this data the circle diagram shown in
figura no, L) was drawm in the following manner,
Ho load current vector 0A was dravn at an anglo of
84912' with the voltage vector. Vector OC reprosonted
the hold on current-lé corrosponding to the ratcd
vodtone,. BC was joined and its right bisector DE
vas drawm. Its point of intorsection, E, with a
horizontal dravn from A was obtained. With contre
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FIG. N2 {(a) CIRCLE D/IAGRAM OF _INDUCTION




(31)

E and radius EA a circle was drawn. CFP represented
the 'hold on' power corresponding to the rated
voltage. From this length of vector CF the power
scale was obtained, The lower half of this ecircle
diagram is for the generator while the upper half
‘represented the motor. For any generator, output

UK the generator powei input is represented by GH,
Hence by making use of this diagram the power input
to the generator corresponding the variocus watt-meter
readings could be obtained,
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OBSERVATIONS ASD CAICULATIONS

1. Engine spsed 600 r.p.m,

2. Mixture strength adjusted for maximum power in each
case,

3. Ignition timing adjusted for optimum power in each
case,

W o an Wk G W W W W N dm U U SR N EB N W UE W W N Wk AR W an ws ee

g:;%:% Pgiggggg%e of H.U,C.R,
) 8 0 5,36
2 10 | 5.60
3 20 6.80
4 30 | 6.10
& 40 . 6.36
6 60 6.60
7 60 6.75
8 70 6,96
9 80 7.10

10 80 . 7.40

11 100 7.66
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~XABLE NO, 1Y
le Engine Gpeed900 TePelle

2, Mixture strength adjusted for optimum power in each

cass.

3. Ignition advance adjusted for optimmm power in each

case,

Serial Percentage of alcohol Highest useful

Nunber compression ratio.
1 0 | 5,46
2 10 5,70
3 20 | 5,90
4 30 | €.20
5 40 6.40
6 5O 8.60
7 60 . 6.96
8 70 7.10
2] 80 7.30

10 80 7. 60

i1 v 100 | 7,80



IV~2

Observations 3

1, Weight of the cmpty erucible = 0.6 gms.
2. Wolght of the crucible plus benzoic
. aeid , =10,829 gns,
3., VYelight of bengsoic acid (v) = 1,329 gms,
4, Standayd calorific value of benzoie
acid (C) = 6319.1 Gallgma
6o WQi;S;ht of water in the container
(ue ' : = 1800 gms,
6, Corrocted temporature rise =2 40 ¢
Caleulations :
(U* + ¥*'*) x temperature rise 2w xC
or (1800 + W') % 4 8 1,329 x 6319.1
or oA = 8400 ~ 7200
= 300 gns.
~LABLE _NQ. VI
Ealordfie valuo of Gasoling - C
Obsoxyntionsn
1., Yolight of ompty cruecidlo = 9,6 gms.

2, HWoight of e¢ruciblo plus fuocl = 11,6 gns.
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3. Wolght of gasoline (v) = 2 gms,
4, Welght of wator in thd container = 1800 gns, = H'!

5. Corrected temperature rise = 09,8%¢

Galeulations t

(¥' + ¥'') x temperature rise = wvx C

or C o= (MY » 31) X tomp,risg
v

= 2100 x 9

s 10300 cal/gn.
= 18,660 BTU/1b.

- C
1. Welght of cmpty erueiblo a 9,6 gng.
2, Weight of crucible plus fuel 2 11.8 gnao.
3, voight of fuel alono (vw) a 2,3 gms.
4, Hoight of wvator in the containey = 1800 gmg, = W'?
6. Corrceted temporature riso s 7,30C
Calouwiations s
(W' + ¥'') x temperature =1 =z C
rise
oy (1800 + 300) = 7.3 z2,3xC
or c = 210 3

)
o 69670 c&lo/gmn
= 12,000 BoTaUnflbo
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Calorific value of 10 g Aleohol-gasaline blend -~ C

Sbaervationsg s

l. Welght of empty crueible = .6 gms,

2, Weight of cruecible plus fuel blend = 11,25 gms.

3, weight of fuel (w) s 1,76 gms.

4, Welght of water in the containey W!' = 1800 gnms.

5., Corraected temperature rise = §,3°C

Caleulationg ¢

(W* + W'!) x temperature rise = v xC

or C = 2100 x 8,3

R N

= 9950 eal,/gm.
= 17,900 BTU/1b,

IABLE RO, XX
Calorific value of 20 X Alcohol-gasoline blend - C
- 1. Weight of empty orueible 2 D.6 gms.
2, Weight of crucible plus fuel dlend # 11,0 gnms,
3+ Weight of the fuel blend s 1.6 gns,
4, Velight of wvater in the container W't = 1800 gnms,

6.86° C

6. Corrected temperature rise
caloulationg ¢ |

(W + W!'') temperature rise = w x C

Therefore, C = 21%_6_,_8_5
' .



or c £~ !%%§
. I I
= 9680 cal/ gite
= 17,260 BTU/1b,

Obgervations :'
1, Welght of crucibdle = 9,6 gns.
2, Weight of crucidle plus fuel b

- blend = 11,31 gms,
3. Weight of fuel dlgnd (w) = 1,81 gms.

- 4, Walght of water in the c¢cone

tainer, W'! = 1800 gms.
6. Corrected temperature rise = 87%

-

Calculgtionsg $
(W' + WiY) x témp.ﬁ.se = w x C
= 9,275 Oalolgmo
= 16,700 BTIU/1d.

BRAO * s e
Obseorvationg
1, Weight of empty crucible = 0,6 gna.
2, Weight of crucible plus fuel = 11,1 gnms,
3. Weight of fuel alone (w) = 1.6 gma,
4. g?%ght of water m‘_ the OORAIDOF o e,
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6. Corrected temperature rise | = 8,79 ¢C
Calgulations
'W' + W'') x temperature rise nwxC
or c s (W' ') temp,rdice
, v

= 8800 cal-/sm
= 15,860 BTU/1b.

1, Welght of empty crucible = 9,6 gms.

2., Weight of crucible plus fuel = 11.5 gus,
3. Weight of fuel alone (w) = 2,0 gmg,
4. Weight of water in the container = 1800 gms, = W''
6. Corrected temperatt;re rise = 8,1°¢C
Caloulations s
- (W' + W'') x temp. rise =ywxC
or c = (W N;'l_mm_:m

= 2100.x 8.1
= 8500 cal./gn.
L] 15’300 BTU/lb.
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IABLE NO. XII1_
) e ya of 60 % alcohol-gasoline blend - C
Qbservationsg 3
1. Weight of empty erucible = 9.6 gms.
2. Weight of crueible plus fuel = 10,0 gms.
3. Weight of fuel alone (w) = l.4 gns,
4, Weight of water in the container = 1BOO gms, = W'!
6. Corrected temperature rise = 6.4° ¢
- Calaulations ¢
(W' + W'') x temperature rise = wx C
or c 2 (W + WYY
' v

A = gl% X 5.4
1.4
= Bl00 B&lq/@ﬂq ‘
= 14,600 BIU/1b,

Calorific value of 70 % slcohol-gasoline blend (C)
Shaervations »
1, Weight of empty cruocidble = 9,6 gns,
2, Weight of crucible plus fuel | ¥ 11,2 gnms,
3, Weight of fuel alone (w) = 1,7 gms,

4, Weight of water in the container = 1800 gms, = W'!
6., Corrected temperature rise = 6,3%¢C
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Salgulations
(W' + W'') x temp, rise swxC
or c = (W & W' ) tomp,rige
v
= g;% ; 6,3
9
e 7780 cal./gm.
= 14,000 BTU/1b,
~hABLE NO, XV
Calorific value of 80 £ Alocchol-gasoline blend - C
Observations 3
1. Weight of empty crucible = 9,5 gms,
2. Weight of crucible plus fuel = 11,8 gns,
3, weight of fueol alone (w) = 2,3 gme.
4, Welight of water in the container = 1800 gms, = W'?
6. Corrected temperature rise = 8,1° ¢
Calculations 4
(W¢ + W'?') temperature rise =wxC
or c = (W + W'!) temp.rige
, v

= 2100 x ,‘8"1
= 7390 cal./m.
» 13,300 BTU/1b,
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TABLE NO, XVI
Calorific nue of 90 leohol-gagolin nd -

l. Weight of eﬁpty erucible = 9,5 gmg, . .
2, Weight of e¢ruecible plusvfuel = 11,1 gms.
3. Weight of fuel eslone (w) = 1,6 gms,
4, Welght of water in the contalner = 1800 gms, = W'!
&, Corrected témperature_rise = 5,49 C
ol = (W' +W' ) temp, rige
v

B

= 7080 cal./gm.

= 12,760 BTU/1b,

S.No. Percentage of Specific Calorific value
alecohol gravity (BTU/1b,) -

1 0 0,74 18,860

2 10 . 0,786 17,900

3 20 - 0,751 17,260

4 30 . 0,756 16,700

6 40 0,761 16,850

6 60 0.768 15,300

7 .60 0. 772 14,600

8 70 0,777 14, 000

) 80 0.7826 13,300
10 80 0,788 12,760

100_ 0,794 12,000



reudt o ' s
1, No load current I, = 2,1 Amperes -
2. Reading of watt~meter no.l = 500 watts
3. Reading of watt-meter no.2 =-360 watts
4. No load voltage (V) = 400 volts

Phase angle between voltage
and current vesctor at open

circuit =@
tan yo o ' o WYY
Wl o+
= {5 +
GRS
= 0,84
Therefore, g o = 84° 12°%
~AABLE RO, XIX
Hold on test observations
1. Hold on voltage Vg, = 90 volts
2. Hold on current I, = 7.6 amps

3. Reading of watt-meter No-1l = O
4, Reading of wvatt-meter No.2 = 600 watts



Hold on test calculationg s

Phase angle dbetween voltage
and current vector at hold-
on position

ten ¢,

Therefore, B

Hold on power corresponding
to rated voltage

Hold on current at rated
voltage (I%})
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1. Coqxpression ratio = §
2, Engine speed = D00 TePoMe
3, Ignition timing - fixed
4. Carburettor fuel con-
tainer level - fixed
R THmE NN DRAchil.
DR DU o N
1 1,18 : 442
2 1,20 433
3 10 1.226 434
4 s 1.20 435
5 30 | 1.176 426
6 &0 | 1,125 409
7 70 1,00 398
Selculationg s
1. Puel per hour = sfafyey X 7oy x 6p. gravity x 62.4
x ,..ﬁﬁgﬂ_ 1bs.

= 7,93 x-—-ﬁt‘il-—- x sp. gravity 1bs,

’.'....Q...(.l)
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2. Specific fuel | ‘
consumption = -ﬁﬁglsﬁ anggne X 746
- ) e,
bt 1bs/BHP/hr.
o ,_Rﬁﬁé_g.._u for 100 ec, of fuel
| .‘QO’C;'QO (2)

Constant K' has been calculated for varlious blends
and tabulated in Table No. XXI.

3. Thermal efficiency

a%ig § (1004 x §¥ xt

CeC) X 8p.gravity x C.V,

=K' x10% x KW x t for 100 cc.of fuel
LA AR R R R N (3)

Constant K'* has bdeon caleculated for varicus blends
and tabulated in Table No. XXI.
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sl. 34 8P C.Ve b.s.fsc. Thormal
No, alcohol gravity BTU/1b. cog:stant gggé%ég%cy
Kt
1 0 0.74 18560 437.6 3.14
2 & 0.743 18230 439.0 3.17
3 10 0, 746 17900 441,0 3.22
4 16 0. 748 176560 442,56 3.28
6 20 0,751 17250  445,0 3,33
6 26 0.754 16900 446.0 3.38
7 30 0,766 16600 447,65 3.42
8 40 0,761 = 15950 4562,0 3.54
o 60 0.767 16300 464, 0 3,67
io0 60 C, 772 14680 267.6 3,81
11 70 0s777 13960 460,0 3,07
2. 80 6«, 783 | 133C0 463,0 4,13
13 20 0.788 12660  466,0 4.32



Calc

1. Engine speed

ed The

~RABLE NO . XXIL

ficiencies and 5

2, Compression ratio
3. Ignition setting

4, Carburetter fuel
container level

Engine output
in KW obtained
fron cirele
diagram W'!
{(corresp
to wW')

A P a s B SR WE Gk Sk AR G NN B W Sp W AR W e
.

3;‘»80 .

%

10

16

30
50

70

wvatt-

aleohol mneter
reading

wi

1.16

1.20

1.226

1,20

1.176

1,125

1,00
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900 TP
6
Lixed

fixed

1.666
1,716
1,740
1,716
1,700
1.630

1,660

on_ding

fs _Co Obtained

736

744

766

746

722

667

622

%
Witxt b.s.f.¢ Thermal

lbs, /BHP 6f£1-
per hr. clency
0,695 23,1
0. 690 | 23.6
0, 585 24,3
o.'sea‘ 24.4
0.620 24.7
0.680 24,6
0.740 24,7

M WD Ge s W W Am W AN e ek M W AE W W W W W M WP W B M P 4 W W We W



IV - 6.

1. Compreséicn ratio B
2., Engine speed " 900 TeDeMe

3. %]g.nexﬂ;gion gotting adjusted for optimum power with each

4, ﬁxﬁgre strength adjusted for optimum power with each
e

~EABLE NO, JAXIL

Obgervationg
e SRV o

in K.W. 100 ¢.c, of fuel
1 o 1,200 429
2 20 1,276 308
3 40 1.326 366
4 50 1.350 348
5 70 1,250 342
Reggults ~LABLE NO, XXIV

S1. £ Watt-meter x%";i "}308‘“2 :t ih":::gltage b.s.f.Co

No._ _alechol reading W' circle diagram efficlency Ibs./BHP
1 0 1.200 1.7 23,0 0.597
2 20 1,275 1.76 23,1 0,640
3 40 1.326 1.80 23,3 0.686 -
4 60 1.350 1.825 23,3 0.716

B 0. L2680 _  Ma736. 23,6 _ 0T .



1, Engine speed 600 Tepede
2.'Compraaaion ratio variable

3. Carburettor fuel level adjusted for optimum power in

each case

4, Ignition timing adjusted in each ¢ase for maximum power

AW pl ar G W SR BB s S W A e AR il A W NE R W W

Consumption
Serial y Compression Time in
Number aleochol ratio seconds
HoU.C R, (t)

. e e e e fbatfggei'

1 0 5.36
2 10 6.60
a 20 6,80
4 30 6410
6 40 6.36
6 50 6,50
7 60 6.75
8 80 7.10
)

100 7.66

W MR e Gy MR W AR AR g G M W Wk e R W A A e e e W e A

[T R 4

624
676
667
636
622
509
4956
470
4456

Watt-meteyr
reading W'
in watts

— an WA G SR SR us e e

0,626
0,700
0,760
0,820
0,850
0,870
0,880
0,890

- A ae s W
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Calculations and resultg :
~ZABLE RO, XXVI

l, Engine speed 600 r.p.m.
2. Compression ratio - variable

3. Carburettor fuel contalner level adjusted for optimum
power in each case

4, Ignition timing adjusted for optimum power in each

case.,
8. % H.U:C.R. *W' *W'' Wi'x t b.s.f.ci Thermal
No. alcohol 1lbs. /BHP effic%-
per hr. ency

W N WS me MR WP B WS AP am e AT We PP W WB W G Wn wn ks WM We G R an us SR ws an

1 0 6.35 0.625 1.25 780  0.560 24,5
2 10 5.5 0,700 1.346 775  0.670 26,0
3 20 5.8 0.760 1,300 7756  0.576 25,7
4 30 61 0.820 1.436 769 0,683 26.3
5 40 6.35 0.850 1,465 765  0.592 27.1
6 60 6.50 0.870 1,476 750  0.606 27.5
7 60 6.76 0.880 1.490 738 0,620 28.1
8 80 7.10 0,890 1.610 710  0.650 29,4
o 100 7.66 0,913 1.622 677  0.695 - 30.6

+ W' represents watt-peter reading in K.W.

* W!''represents engine output 1n <.Ws obtained from circle
diagram (corresponding to W')



l. Englne speed 900 repem.

2. Compression ratio 6
3. Alcohol percentage NIL

S.Ro. Watt-meter reading
(W) 4in K.Ws

0.9
0.7
0.6
0.3

W N e

Alcohol percentage
in the blend 20

8.No Watt-peter reading
o (W’)mzn K.Ws

1 0.9
2 0,7
3 0.6
4 0.3

-~ -~ L ] - - A s

Time in seconds
(t) to consume
100 ¢c.¢ of fuel

613
656
617
708

- s e W W W gy o W

Time In seconds
(t) to consume
100 c,c of fuel

- - L] L4 - aly e s

487
626

6586
670

W A e A ep AR gw R BP AR A WS MY NP T WS B B G R g R W AP b o) e ek
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S.No,

watt-meter reading
(w ' ) in K.W.

' Time in second (t)
to consume 100 ¢.c,
of fuel

-----“-’---—~-h”“-,~_ﬁ—_ﬁ--.

B W N0 M e W N

B O o e

40 % AICOHOL BLEND
0.9
0,7
0.5
0.3

457
496

628

427
460

- 810

393
420

396
437
600
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~ZABLE KO, XVIIJ .

Caloulations and regultg ¢
S.No., Watt-meter En,gine out-put D.s.f.cCs

reading W' W!' in K.W. lbs./BHP thermal

from circle per hr. officiency
diagram _
LOASOLINE
1 0.9 1.6 | 0. 668 24,2
2 0.7 1.346 0,586 23,6
3 0.5 1.136 0.626 22,0
4 0.3 0,900 0.686 20,0
208 ALCOHOL BLEND
1 0.0 1.6 0,610 24,26
2 0.7 1,346 0,630  23.6
3 0.6 1,136 0,670 22.1
4 0.3 0.900 0,740 20,0
COHO

1 0.9 1.5 0.660 24,26
2 0.7 1.346 0,680 23,55
3 0.6 1,135 0,728 22,10

Continued ,.
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o WS MNP an W SR Ay S5 4 AF Wk W D GT NP W W M mm W Gy W S W W we W e W W

B8.No. Watte-meter Engine out-put b,.s.f.c, 4
' Teading W' W!' in KW, 1bs./BEHP thermal
fron circle per hr. efficiency
diagram
0% ALCOHOL BLEND A
1 09 1.60 0716 24,4
a 0&7 10 345 oo 740 23. 56
3 C.6 1.136 0.783 22.10
4 0.3 0,200 0,876 20,00
8 QHO
1 0.9 1.50 0,788 24.4
2 0.7 14346 0.820 23,85
3 06 1,136 0,880 21,8
4 0.3 0.800 0.860 20,0
~LO0% ALCOHOL BLEND
1 0,8 1.50 0.863 24,7
2 Ce? 1,346 0,886 24,0
3 Q.& 1.136 0,960 22.4
4 0.3 0,900 1.060 20,3
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The value of H,U,C.R. for various aleohol-gasoline
blends was found and the results plotted in figure 377
This giaph indicates that the H.U.C.R. value increases
with the percentage of alcohol in the blend. This
inerease is in direct proportion to the increase in the
aleohol percentage. The value of H.U,C.R. was found to
be 5,46 at 900 r.p.ms for gasoline alone. This value rose
to 7.8 with abaoiute aleohol. The value of H.U.C.R. was
agalin found for various blends at 8 speed of 600 r.p.m.
It was observed that the H.U.,C.R. decreased slightly
and the trend of its value increasing with 1n¢iease in
alcohol content was maintained, |

These results show that aleohol is an anti-knock
fuel and acts as an inhebitor when added to gasoline,
It suppresses knocking. This 1s because of the following

two reasons.

1, Alcohol has a higher self-ignition temper-
atures, Its self ignition temperature is l.44 times *
that of patrol., The tendency of knocking depends on the
sclr-isnition_temparaturo. According to Ricardo, knocking

1
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oceurs due to the auto-ignition of the unburnt portion

of the charge. He stated that when a mixture of inflamable
vapour and alr is compressed and then ignited at one

point, the flame at first spreads by normal process

of combustion compressing before it the unburnt portion

of the charge. If the rise of temperature of the

unburnt portion of the charge is sufficiently high a
sponteneous ignition takes place and an explosion waave

is set up which strikes the cylinder walls and causes

the metallic ringing sound called knocking. Ricardo
pointed out that the knocking tendency depends on S.I.T. |
and aleohol having a higher value of 5.1.T, should normally
be more knock resistent than gasoline.

2;1 However, there are certain fuels which have
a high 6,1,T, and yet detonate heavily and conversely
some fuels have a low £,I.T. yet they show remarkable
anti-knock property. Tigard and Pye conducted a series
of experiments and in the light of these arrived at the
conclusion that knocking does not dopend on 8.1.,T, &lone
but algo on the delay period of the fuelwair mixture,
They found that if the temperature of a fuel-air mixture
is raised above, the S,1.T. by compression, even then
combustion would not start immediately dut would only ocour
after some delay., This delay varies from fuel to fuel and

becomes shorter as the temperature of combustion is raised.
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Auto-ignition of the end charge in the engine ¢ylinder
will naturally depend, apart from the 8.,1.T., on this
delay periods, It will only take place if three conditions

are satigfied 3
1, = The end charge has attained the 8,1.T. }

24 the 8,1.T. or higher temperature is maintained
till the delay period of the end charge is
overs; and

3. the flame has not reached the end charge
till this delay period is over.

Thus, larger the delay period lesser will be the chances |
of auto-ignition occuring as by the time the end chargeds
delay period is completed, the'flame will reach theore

and it will have normal cembustion, '

As pointed out earlier, this delay period depends
upon the nature of the fuel, on the temperature prevelent,
and the rate of pressure rise, It decreases with the
increase in temperature., Alcohol has a larger delay
period than petrol. Moreover, the flame temperature is
much lesser with alcohol than with petrol. 50 that the
end charge gets less heat in case of alcohol, as the flame
progresses. Further, the rate of pressure rise of the
end charge, as combustion proceeds, is also lesser with
alcohol fuel. Hence, it takes still longer time to attain
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its 8.1.T, vhich 1o already much higher than that of
petrol., Thus, we conclude that aleohcl i1s a better enti-
knock fuecl because |

1, Its solf ignition temperature is higher;
2. its dolay poriod is more § and

3. Its rato of prossure rise during the
combustion is logsor so that the end charge
1s compressed lessor and to that extent tho
témperature rise duo to compression is

lessor,

The anti~knock nature of alcohol-gasoline blends
¢an be also oxplained in the light of Lowis's chain
reaction theory (17). The thoory postulates that the
advencing wave £front projocts into the unburnt gas
hot reactisn products rich im onergy. BEach of thesc start
a roaction chain which initiatos conbustion ahoad of tho
vflamc front. Under cortain conditions of high temperatures
and pressurcgy those chains branch and form more cnorgy
chaing in gecomotrie progression. As the vave front
can project rcactant molucules at veloeitlos considerably

- higher than 1ts own', pro-flame front combustion can
procecd at oxtremely high volocitics attaining 10,000
£t./00c,- tho dofionation wavo.,
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According to this theory, the flame front advancing
from the initiating spark, projects, reactive combustion
products into the unburned portion of thechﬁrge. While
the eylinder temperatures and pressures remain low, these
chuini are completed or destroyed by the cylinder walla,

( 18), At higher temperatires and pressures, which we

know are condusive to knock, the chains may commence to
increase geometrically and a condition be induced which
is knock, |

The latent heat of aicohol is 24 times that of
petrol and in consequence the liquid though highly
volatile (B.P. 78° C) does not become fully evoperated
before the inlet valve closes., The evoperation process
is completed during compression and the amount of heat
absorbed is so large as to produce a general lowering
of temperatures throughout the cycle, This is equivalent
to working with a weak mixture in so far as the lower
temperatures of the cycle reducc'the ¢ylinder and exhaust
wvall temperatures, When running with alcohol at full
load, 1t 1s noticeable that exhaust valves remain far
codler than on petrol. They continue to look black under
conditions wvhen with petrol they would be glowing a good
cherry red, Due to these lower all raund'temporatures,
the chain reactions are broken by the cylinder walls,
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Ano ther reason for the anti-knock behavour of alcohol . :

can be the peculiar mode of combustion of this type of
 fuel (19)., With petrol during ombustion certain unstable
organio peroxides like alkyle hydrogen peroxide or
dialkyle hydrogen peroxide are formed, These compound
moleouies are unstable bodies in & high energy state.
They collide with other oxygen or fuel molecules and
produce further highly active products theredby activia-
ting other molecules. They collide,explode &and release
more and more energy thus propogating a chain and ulti-
ma tely bringing sbout detonation., It is quite likely

that aloohol during combustion does not form these parti-
cular peroxides. Alcohol and petrol during comdbustion
produce different chains,one ending‘rapidly with a stable
end product and the other branching and producing more &
more energy chaine in geometric progression until the
velocity of reaction attains detonation point. Thus the
difference in behaviour of alcohol as far as knocking
tendency is concerned may be @ue Yo @

1. The lower temperature of the combustion,

2- Iowexr rate of flame travelj

3. The peculiar mode of combustion of this type of
fuel suoh as its inability to form suitable
yeroxides; and

4, Its gelf-ignition temperature being higher and
its delay period being longer than that of petrol.
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With a view of finding the most sultable blend

of alcoholwgasoline for a given engine setting, various

blends were tried keeping the compression ratio, ignition
timing and carburettor fuel container level fixed,

This trial wvas mado at a compression ratio of 6, ignition
set at 26° B,D.C, and fuel level in the carburettor fuel
-container set near & level that gives the rated output
with gasoline. The power ocutput and specific fuel consum=-
ption obtained with various blends were plotted and graph
no. J_ on page 64 was prepared, From the graph, it is
sgen that the power output rises from 1.666 KW with
petrol to 1.74 KW with 10 £ aleohol-gasoline blend.
Increasing alcohol content, thereafter, causes a decrease
in power output, 7The specific fuel consumption also
decreases from 0,696 lbs./BHP/hr. to 0,685 lbs./BHP/hr.
at 10 & blend and then starts rising again.

The power output of an engine depends upon

l. The heating value of the mixture of air ang
fuel 3 |

2. The proportion required to give complete
combustion § and

3. The volumetric efficiency of the engine.
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If the heating value of the mixture is reduced the power

output tends to fall. The air-fuel ratio effects the
power cutput in that, if the mixture is enrichened the
output increases (upto a limit) while if it is made leaner,
there is a 1duaring of output.

The volumetric efficiency is an indication of the
extent to which the filling of the cylinder with charge
during induction is complete. It depends partly on
mechanical features such as shape, size of the induction
pipe and branches, inlet valve and partly on the density
of the incoming echarge. For a'givan,engine, the greater
the charge density the higher the volumetric efficiency.
dharge donsity depeonds upon'the tenperature of the mixture
vhen the inlet valve closes. This temperature in turn
.Qépends on the exhaust temperature and the extent of
lowering of temperature caused due to the evoperation of
fuel during induction stroke. Fuels having higher latent
heat of evoperation bring about a lowering of the induetion
temperature by thelr evoperation. Any lowering of temper-
ature of the mixture in the cylinder, at the moment the
inlet valve closes, means an increased density of the fresh
charge and proportiocnately more heat generated in the
cylinder/cycle. At s given compression ratio, therefore,
the indicated power will be increased nearly in inverse
proportion to the mean absolute temperature of the charge

at the moment when the valve closes. Charge temperature
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is lowest with fuels of highest latent heat. Ethylt
alcohol has a high latent heat (396 BTU/1b. as against
that of petrol which is only 136 BTU/1b.). Complete
vaporation of ethyl alcohol would result into a fall of
86° C. in the induction manifold temperature while with
petrol, this fall in temperature would be only 21° C.
Obviously, therefore, the yolumetric efficiency obtained
vith ethyl alcohol blends is much higher than that
obtained with petrol. The greater the proportion of
alcohol in the blend, the higher will be the volumetric
efficiency obtained, An increase in volumetric efficiency

brings about an increase in the power output.

Reverting back to the graph no. 5 on page 64
and the experiment we break up the graph intoc two portions :
(1) from O % alcohol to 10 % alcohol blend and (11) from
10 £ alcohol onwards. From O to 10 £ alcohol blend, the
following things are happen<ing |

1. The heating value of the mixture is decreasing’
but very gradually,

»  The calorific value of petrol is 18,5660 BTU/1b.
of 6 £ blend 1t is 18,230 BTU/1b, and 10 §
blend 17,900 BTU/1b, As the carburettor fuel
container setting 1s fixed, the heating value
of the mixture will be varying in direct pro-
portion of the fall in tﬁe calorific value of
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the fuel blends. So this factor will tend

to lower the power output,

2. Volumeotric efficiency is increasing with
inecreased aleohol content and this has a

tendency to increase the power output,

3. The ¢ycle temperatures are lowered with
increased alcohol content in the blend. This
may result in a reduction of heat losses and
a consequent improvement in thermal efficiency.
This may also result in an improvement of power

output,

This increase in output due to the last two results
is more than the fﬁll in output due to s}ight loWeriﬁg
of the calorific value of the blend., Hence, power output
increases upto 10 falcohok blend. |

Iy thig regiony the specific fuel consumption is

also decreasing hecause of an.imprbV@ment in the volumetric

erriciehcy and the power output,

From 10 £ blend onwards the following reasoning
apply

l. As the alcohol percentage increases, the
heating value of the fuel decreases and with
the carburettor fuel container setting fixed
this implies a lowering of the heating value
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of the mixture in the same proportion as the
increase of aleohol oontent for the blend,

Hence, with higher and higher percentages of
aleohol, there will be lesser and lesser heat
value of fhe mixture, hence lesser and lesser

output,

The air-fuel ratio for complete combustion of
petrol 1s 16 3 i. For complete combustion of
alcochol, it is @ 3 1. The amount of air ﬁhich
is being drawnin by the engine dQuring suction
is conftant, As the fuel level in the carburettor
fuel container is contant, the air-fuel .
ratio 15 almost constant, Now as we progress-
ively add alcohol to the blends, the fuel-aip
mixture tends to bécome weaker ahd wnaker. |
because the more the alcohol in the blend, the
lesser is tho alr needed for combustion, With
progressive weakening of the mixture the power
outrut tends to fall.

The volumetric atficiency depends upon the
mixture strength. Alc¢ochol has a very high
volumetric efficiency with very rich mixtures.
The difforence in the volumetric efficiency
obtained with petrol and alecohol is very wide
at rich mixtures and the difference is not so
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much with veak mixtures. As vwe fincroase the
aleohol content in the blendy; the fuel-alr
mixture becomes weak. At voaker mixtures

the difforeonce in the volumetric officioncies

is lesoor.

4. 1t has baon founﬁ in practico that aleochol is
not complotoly ovoporated by tho end of the
guction stroko, duc to lowor tomporatures and
the shor{ time avallable. Hoen¢ey; the volu=-
notric officioney ohtainnble with aleohol 1is
much lowo® than thooritically oxpected. It
is about 82 - 83 ¢ as ecompared vith 78 §
obtainable with petrol. Thus with greater
aleohol in the blends, the differonco in tho
volumetric officiencies is further norroved
down bocausc of the non-ovoperationyof the large
proportion of aleohol prosont, during suction

gtrokos

The overall offoct of theso fuetqra is ¢o lowor the povor
output vith blends having more than 10 3 alechol. The

fuecl consunption with thoso blends ineroasas rapidly bocauso
of tho rapid loworing of tho hoat woluo of thoso blonds.
Both of thoso offcets are cloarly rovealed by tho

graph.



From the point of view of finding the maximum power
obtalnable at a given compression ratio, the engine was
TUun on various blends and the maxiﬁum power output and
fuel congumption were recorded and plotted as shown in
graph no. & on page 7l. The compression ratio was kept
same for the different dlends, only the ignition timing
and carburettor fuel container setting were adjusted in
each case to get maximum power. The carburettor fuel
container setting could only be adjusted upto 50 £ blend
of alechol, henee the conclusions to be drawn from the
results should be oonfined upto 60 ¥ alcochol-blends only.
From this graph, we observe that as the percentage of
aleohol 1ncraaées, the maximum output also increases.

The maximum output increased from 1,7 K.W, for petrol

to 1.825 K.W, for 60 £ alcohol blend, The specific fuel
consumption increased from 0,59 1bs./BHP/hr. to 0,716 1bs./
BHP/hr. The thermal efficiency also showed a slight

improvement.

The calorific value of the blends decreases with
increase in the alcohol content. ‘Kowovur, from the graph
we observe that the maximum output keeps on increasing.
This is becsuse of the following reasons 1 |
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As already discussed in V « 2, the power output
depends upon the heat value of the charge. In addition
to that, 1t also depends on the latent heat of the fuel
(volumetriec efficiensy in a way depends on it) and the
final volume of the products of comhustion;

1.

The air-fuel requirements vary with the aleohol

percentage in the blend. For example, complete

combustion of one lb, of petrol requires about
16 1lbs. of aly while for complete combustion
of 1 1b, of ethyl alcohol, only 9 lbs. of air
is required., Thus for a given cylinder volume
of gaseous charge derived from petrol, one~
fifteenth is the heat giving fusl, while for
the same volﬁme of the charge derived from
ethyl alcohol, one-ninth represents the heat
giving fuel, But ethyl alecohol has a calorific
value some 60 £ that of petrol. Applying this
factor, it will bé seen that each charge has
approximately the same heat content, Ricarxrdo
has calculated these values more accurately.

He has shown that when mixed with the amount

of air required for complete combustion, gasoline
gives betwesn 46,7 to 47 ft. lbs./cu.inch while
ethyl alcohol gives 44,5 ft, lbs./cu.inch which

are very nearly equal.
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The internal total energy available from a fuel
depends upon the final volume of the products
of combustion, With inereasing ethyl alecohol
content, this value keeps on increasing.
Aromatic hydrocarbons have a smaller volume
increase, the ratio of initial to final volume
varying for different substances betweon 1,013
for bengene to 1.03 for xylene., Paraffin
hydrocarbons give ratios>vary1ng between 1,04
to 1,06, A typical petrol has a ratioc 1,06,
For alcohols the value is higher being 1.065.
4pplying these correction factors to heat
energy per cubie inch, we see that petrol
contains 48,5 £t.1bs,/cuinch and ethyl alecohol
47.4 f£t, lbs/cu.inch.

Another important factor on which the maximum
pover output depends is the latent heat of
evoperation of the fuel, In fact tho maximm
power output depends almost exclusively on

the latent heat of evoperation of the fuel

and the internal energy of the working fluid,
This internal energy, as shown above, varies
very little from petrol to alcohol but the
latent heat variation is very large. In hydro-~
carbons fuels, the variation in internal energy
anéd latent heat Just about balance,with the



(74 )

result that the maximum power output is the same

for all., For example the internal energy of benzene
is 1.6 percent less fhan that of Hexane, on the
other hand, latent heat of benzene is considerably
greater anéd a greater weight of mixture is, there-
fore, retained in the eylinder, with the result

thaty under identical temperature and other
conditions both give, at the same compression ration,

the same power output.

In case of alcohol blends, the total internal
| oenergy of the air-fuel mixture is a little lower than
that of petrol, but the latent heat is go much greater
that a much denser charge is retained in the cylinder

and the power output of the blends is greater than that
of petrol. |

As ghown by the specific fuel consumption
curve in the above mentioned graph, the specific fuel
consumption 1n§reases with increase of alcohol in the
blends for obvious reasons. This is so because the amount
of fuel consumed i3 dependant upon the heat value of the
fuel. In the alcohol-gasoline blends the heat value of
the fuel falls rapidly with increase in the alcohol content.
That 15 why, the specific fuel consumption increases.

The therﬁal efficiency shows a slight improvement

with an increase in the alcohol content of the blends.
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Thermal officioney dopends, apart from comprossicn ratiog
on the heat logses through ths cylinder, hoat carried
avay by exhaust and heat losses Guo to incomloto combus~
iion. Heat losseos through the cylindor walls deeroaso
vith alcohol blends. This 1s because alcohol hag a high
latent heat of vaporisation, It is about 2.72 times
that of petrol. During the inducation otroke tho fuel
vaporises and in so doing picks up the latent heat of
vaporisation from the 1ncom;ng air and surrounding metal,
This lowern down the temporaturc of the charge. If we
assume complete vaporisation vhich raroly cccurs with
highor alcohol percentages, tho fall in temperature would
amount to 21° C for petrol and 86° C for othyl aleochol,
The fall in tempeoratures yocordcd in practice are much
smaller than these. Typical charge tomperaturos in tho
induetion manifold are for petrol 25° ¢ and for othyl
alecohol 10° C, The greator tho percentage of adecohol in
a8 blend; tho lovor will be ths initial temporature.
Temporaturc at tho ond of comprossion stroke dopends upon
the initial temporature and tho ecaprossion ratio, For
the samo compression ratioy, this temporaturc vill bo lowor
for aleohol than for potrol. At a compression ratio of
6; this tomporature will bo 4079 C for potrol and only
2480 C for alcohol (20),

The oxplogsion tcmporaturo is alpo congidorably
lover with alcohol than vith petrol. At o comprossion ratio
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6 1 1 Pyo has estimated the maximum explosion temperature
as 2600° C. for petrol and 2600° C. for sthjlalcohol,
Thus, ve observe that the all round cycle temperatures
and hence the cylinder temperatire is lower with alcohol
and alcohol blends than with petrol as fuel, The greater
the percentage of alcohol in the blend, the lesser will
be the cylindertemperatures, anfi hence lower will bde

the heat losses to the cylinder walls,

Alcohol blends tend towards more complete combustion,
specially at high speeds (21) and, therefore, lower thermal
losses. Complete combustion of hydro-carbons may be |
represented as in equation (1) and (2) for petrol and
alcohol respectively :

(1) 2 CgHyg + 26 05 = 16 COy + 18 Hy0 +21302 K-Od.

(2) CgHgOH + 30, =2C0, + 3Hy0 + 327  K-Cal.

Incomplete combustion is, too, variable to be
represented by a simple formulae, but for purpose of

calculating the heat loss, it is sufficient to consider
the formulae (3)

20 + 02 ’2002 + 68x2 KeCals sevevesns (3)

Thus every 28 gms. of CO present in the sxhaust
represents 68 K,Cal, of heat lost,
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Considerable thermal losses occur with petrol
and its substitution by alecohol blends results in a lower
carbon-monoxide content in the exhaust gases and
obviocusly a lesser thermal loss. Litchy investigated the
problem of thermal loss with petrol and the effect of
alcohol blends, He worked on the C.F.R. engine with
normal unleaded petrol and 10 and 20 % blends of this
alocohol and petrol. He found that the blends containing
20 £ alcohol gave a lower thermal loss than the ten
percent blend which in turn was better than the straight
run petrol. Thus with alcohol blends, the heat loss on

this count is lesser.

The temperature of exhaust gases is much lower
with aleohol than the petrol. In the experiment carried
out by the author, it was found that at a compression ratio
5, the temparature of exhaust gases was 730° F. for petrol
wvhile that for alcohol was only 670° P, Due to this lower
exhaust temperature, the heat c¢arried away by the exhaust
gases is lower in case of alcohol than with petrol.

Table below gives some of the Ricardo's results
on heat balance for two fuels at different compression

ratios
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Fuel Compression I.H.P. - e 0

_ ratio acket water aust
p 4

Petrol 5.45 b 24 24 44

Alcohol 65.46 34 23 43

Alcohol 7400 38 . 22 40

Comparing these results at the same compression ratio,
1t vill be seen that the heat losses both to jacket water
and exhaust are lower with alcochol than with petrol. At

higher compression ratio, this effect is more marked.

Thus we observe that with alcohol, the heat losses
through, the cylinder walls, the heat carried away dy the
exhaust gases and the heat losses due -to incomplete
combustion, are lower than those 6btained with petrol.
Hence, thermal efficiency obtained with alcohol and alcohol-
blends is a 1little higher than that obtained with petrol,

V ~ 4. MAXIMUM POWER AND THERMAL EFFICIENCY OBTAINED
WITH VARIOUS BLENDS AT THEIR H.U.C.R. ¢

Alcohol is an anti«knock fuel and its addition to
gasoline, as we have discussed in V-l increases H.U.C.R,
With a view, therefore, to investigate the improvement
in power output and gain in thermal efficiency obtainable
by using blends of alcohol and gasoline at their H.,U.C.R.,
experiment was conducted and the results that were obtained
have been plotted in graph no.7 on page 79, From these
results, we observed that the power output obtained with
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petrol at 5,35 (1ts H.U.C.R) increased from 1.25 to 1.522
on 100% alcohol when used at ites H,U,C.R 7,65, The thermal
efficiency showed an improvement from 24.5 to 30.6%X . In
the results plotted it may be noted that the power output
readings for 80 & 100% blends do not corrospond to the
maximum ialue,becauae of the limitations of the carburettor
fuel oconainer which 4id not permit further enrichening

of the mixture, Had that been possible the power outpuat
with 80% & 100% blends might have been greater than that

recorded.

" Ihese gr#ﬁhs reveal the utility of alocohol gaasoline
blends when used at their'dptimum compression ratio. There
is an improvement in the power qutput and algo in the thermal
efficiency as the compression ratio 1noreasé;. As alcohol
blends permit the use of higher ocompression ratios we can
obtain greater output & better thermal efficiency by using
these blends. |

V-S' THERMAL EFFICIENCY AND SPECIPIC FUEL CONSUMPIION CURVES

The specific fuel oconsumption obtained with various
aloohol gssoline blends have been shown plotted in graph
No. 8 on page 81, From these curves we observe that the
specific fuel conmumption inoreases at all loads,with

the inoreass of alcohol content in the blend. Thus at
rated load the specific fuel consumption which was 0,57Lbs/

BHP/Hr with petrol rose progressively with alcohol addition
in the blends till it reached 0.8631bs/BHP/hr with 100%

alcohol., This is quite obvious because alcohol has a much
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lower calorific value, While the calorifio value of gaso-
line is 18550 BIU/1b that of alcohol is only 12000 BTU/1b.
The heat value of a fuel is a measure of the quantity of
fuel required; the lower the heat value the greater deing
the quantity needed to do the same work.

Ihe thermal efficiencies obtained with petrol alone
and with alcohol alone have been plotted in the same graph.
From the graph we f£ind that the thermal effiolency is high-
er with alecohol at all loads., At the rated load,the thermal
efficiency obtained with petrol was 24.2% while that with
alcohol 24.7%4 ., This is because thermal efficiency depends
apart from the compression ratfo,on the heat losses through
@he ocylinder, heat carried away by exhaust gases., As
already discussed earlier both these losses are smaller
with alcohol, The Qifference in thermé\‘\*tiglgnoiea is
not so much marked with lower alcoholc$;£;ﬁ¥ blends,but
becomes significant with higher percentages of alcohol. This
is 8o because with higher proportions of alcohol in the
blend all the fuel does not vaporiee'during induoction
stroke because of less temperature and also shorter time
availablﬁ. Hence most of this fuel evoperates during
comﬁrcssion atroke taking its latent heat of evoperation
from the oylinder walls. /‘he net effeot of this is a
considerable lowering of the coylinder wall temperature
and hence lesser heat losses through the cylinder walls.
This improves the thermal efficiency. With smaller alco-
hol content blgnda all of the alocohol present in the blend
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geto evoperaﬁed during induction stroke improving the
volumetric efficienoy very much ( See V-2 ) but none

of it is available for internal ooolinq,of the oylinder,
Hence there is no apprefiable improvement in thermal

efficiency.
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CONCIUSIONS

Prom the experimental work done,the following conclusidns

have been drawnaf

1

2.

The anti-kndck value of the blend improves with
the inorease in the'percentage of aloohol added,

This variation is almost linear, The H.,U.C.R.in-

"ereases by about 47% as the aloohol addition in-

creases from zero to 100%., This shows that alcohol
is a very effective knock supressor and that unlike
Ietra~-ethyl leéd,ita effectiveness keeps on increas-
ing with the inorease in its percentage in the blend
(22). To that extent it 1s superior to Tel and has
an additional advantage that it is itself a fuel,

Por & given engine settings (Carburettor fuel contan-
er level,ignition advance & compression ratio) the
power output inoreases with the addi;ion of aleohol
upto 10%, Maximum power is obtained with a 10%

blend, The specific fuel consumption also deoreases
and is minimum for a 10% blend., However for blends
containing more than 10% alecohol the power output
starts deoreasing and the specific fuel consumption

also starts rising, It may be noted that till 30%
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aloohol blend the gpeoiﬁo fuel consunption is lower
than that obtained with petrol. This suggeats that
& 10% blend is the ideally suited c‘ma. Even looking
from the economic aspect the cost of gasoline is 0,75nP
per litre while that of alcohol is 1 Re. per litre
( Exoise free). Hence the cost of 1 litre of 104 aloco-
hol blend will be 77.5 nP. per litre which will be
only 2.5 nP., per litre more than that of gasoline,
However as the consumption per BHP/hr is lesser with
10% ¥lend the overall cost will come out to be cheaper
than that of gasoline.

3.For a given cbmprosaion ratio if the Cardburettor
Setting and {gnition advance is allowed to be altered
than the power output inoreases with the percen tage
of alcohol added,

4,For optimum conditions for each blend (oonpreaaio:i
ratio adjusted to its HUCR,Carburettor setiing and
ignition advance adjusted for maximum power in each
case) the improvement in powsr output and thermal
etfioianoy is very much marked. There is an improve-
ment in power output of about2|3% with aloohol at
its HUOR 7.65,0ver that obtained with Petrol at its
HUCR 5.35. The thermal effiociency also improves by
about 35% with 100% alcohol when used at its HUCR
over what is obtainable with gasoline at its HUOR,
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5. When working at the same compression ratio there
i not much of an improvement in the thermal
efficiency. The thermal efficiency of all blends
almost comes to the same figure, At full load an
improvement of about 2.7 ' was noted as théd per-
centage of alcohol was increased from O to 100%,
The fuel consumption however keeps on increasing
with increasing aloohol content in the blend.

This is because the ocalorific value of alaohol
blends keeps on falling with an inorease in the
aleohol content. |

6. The calorific value of the various alcohol- petr§1
blends was found ‘and the graph shown on page 84 |
was plotted, From thie graph it is olear that
the drop in the calorific value i8 almost linear,

7. Engine design and fuels are still within their
experimental period and wo’oannof tell when final-
1ty will be reached., Higher thermal efficienby
is the oontinuous aim and in I.C.Enginea it can
only be atiained dy inoreaaihg ocompreasion ratios
or by super-charging. In ei ther case enhanced

combus tion pressures are produced which must be

provided for by stiffer conatructions of the engines

and bearings. Coupled with this we have the faot
that an inorease of one compression ratio at the

upper end of the scale brings a smaller percentage
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yield of efficiency,and we reach the conclusion that
there is an economic 1imit for ocompression xatibs
economically feasible. This 1limit is 7 to 8. The
fuel chemist oan readily produce fuels that would

wi thetand such oomprossloq wi thout undue knock,but
1t must be understood that the kmoock rating scale
is.also a socale of fuel cost. The engine designer

is always striving to utilise fuels of lower Octane
rating (and therefore of lower cost) in his high

compression engine.

Meanwhile we must produce fuels oapsable of with-
standing a compression ratio upto 8., The quantity of |
fuel produced to meet this demand is insufficient,
despite the 1liberal use of anti-knock ‘dopes'. In
ethyl alcohol we have a fuel which deepitg its draw-
backs,can provide the loﬁ knook fuel,with the power to
withetand high compression ratios, Capable of béingy
produced in any country that can support growing orops
of within access to by-products of tropiocal Zones it
anebies countries with no indigneous oil deposits to
'pravid. a satisfactory motor spirit at the minimum

cost in imported low knock fuels.
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