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A 	 Y 

With a viott to assess the suitability of alcohol-
gasoline blends as fuels for 8.1. engines, the 8.1, engine 
performance with various alcohol-gasoline blends was studiad. 
Different percentages of alcohol- gasoline blends ttere tried 
to find if they bring about any reduction in the knocking 
tendency$  i rprovomont in poor output $ thermal oi'fic ioney 

and reduction in specific fuel consumption, under various 
engine running conditionus. From the results obtained,, 
various Graphs were plotted to drn suitable conclusions 
regarding the performance of S.I. engines with various 
alcohol-gasoline blonds. 

One of the most important consideration regarding 
the suitability of a fuel for S.T. engines is its anti-knock 
charactoristic Therefore, first of all the anti-knock 
characteristic of various alcohol-gasoline blonds eras found 
by using Ricardo's method of knock rating which conciotod in 
finding out the R.U.C4R4 It ac found that addition of 
alcohol in gasoline increases the HJ. G. R. shearing thereby 
that higher tho percentage of alcohol In the a cohol gasolino 
blond, the better the anti-knock characteristic of the blond. 
The RLU.G.R,, of those blonds, ranging from 0 to 100 5S alcohol, 

vac found at tiro different engine speeds and it was noted 

that at higher engine speeds tho value of H.LC,R. increasos. 



In the second part of the investigation, experiment 

vac done to find out the parer output, thermal efficiency 
and specific fuel consumption obtainable with various 

alcohol-gasoline blends under given engine settings. 
This tans done in order to find out as to Bch blend was 

most suitable to work on a given Solo engine tai thout 
altering its compression ratio, carburettor setting and 
ignition timing. The results were plotted and it was found 
that 'with the same engine settings a 10 % alcohol-gasolino 
blend is the best blend in as much as it gives greater 
power, better thermal efficiency and lesser fuel ooncumption 
than obtained with. any other blonde 

The maximum potrer obtainable from a given engine 

(fixed compression ratio) when using various blends tins 

then Pound,. In this part of the experiment the carburettor 

ootting and Ignition timing ttore adjusted to give optimum 
conditions for each blond and the resulting potior output 
uas recorded. This could be done only tiIth alcohol-gasoline 
blends ranging from 0 to 60 % alcohol, because of limitations 

of the carburettor setting. From the results, it uns 
concluded that matimum power obtainable increases frith the 

porcontago of alcohol In the blond. 

Increase in the alcohol percentage in the alcohol-
gasoline blend posits the use of higher compression ratios, 
Tho thermal efficiency is proportional to the compression 
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ratio and it is important to consider the thermal efficiency 

at the highest compression ratio each blend vouid.vithstand. 
Hance the maximum output # thermal efficiency and specific 

fuel consumption was found or each blend at the optimum 

compression ratio, carburettor setting and ignition 

timing, 

Specific fuel consumption and thermal efficiencies 

obtainable with each blend at full load, three fourth, 

half and quarter load were also plotted in order to got a 
comparative idea about the various blonde. 
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I W„0 D II C T I 0 N 

I - I - f a I. ENGINES I UELS At i THEIR RE ZFt VENTS : 

In case or spark Ignition engines an air fuel 
mixture Is taken in during the induction stroke and 
combustion is achieied by applying a spark to this mixtuoo 
after sufficiently compressing It* As such S. 1, engines 
have some special fuel requirements. The most important 
of these requirements are s-W 

(i) Volatility 
(ii.) High Latent heat 

(iii.) Anti-, ;ock tendency 

(iv) High Calorific value 

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

(vi) Higher heat value of the mixture 

i) 	Be I. engine fuels have to be volatile so that they 
may vapory. so readily and form a mizturo frith air during 
the induction stroke„ If tho volatility of the fuel is 
lorr g  it has to bø warmed up before its entry to tho 
cylindor so that it may not condonco in the Induction system, 
hence vi th ouch fuels the charge temperatures are higher 
roculting in lower volumetric efficiencies and Ions of 
powor on this sot to For thIs reason alone, the port or 
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obtainable with Kerosene is 15 S loner than that obtainable 
u1 tt any other hydrocarbon at the same compression ratio* 

(ii) Latent beat is a very important consideration. The 
evoperation of fuel during the induction stroke brings about 

a lowering of the charge temperature and to that extent 
increases the density of the charge taken in. The loner 
the charge temperature greater will be the amount of charge 

that i11 be taken in. The height of the charge that is 
taken into the cylinder Is inversly proportional to the 
absolute temperature at the moment the inlet valve closes. 
This temperature depends upon the latent heat of the f+el0  
Hence a larger latent heat of the fuel is desirable, 

(iii) One war of increasing the poorer output of an engine 
and its thermal efficiency, is to employ higher compression 

ratio. }Iotievort  there is a limit to which this compression 
ratio can be raised. for a ,given fuel„ Increasing the 
comprossion ratio beyond this limit sots in detonation with 
a consequent lotroring of power output and thermal efficiency. 
This compression ratio is called B.U.C.E, - the highest 
useful comprossion ratio and It is a measuee of the anti-- 
1nac1t characteristic of the fuel. 

(iv) The calorific value of a fuel gives an indication 
of the consumption rate of tho fuel. If a fuel has a lovor 
calorific value a larger amount of it -will be needed to do 
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tho same amount of uork. Hance it is desirable to have a 
higher calorific value of the fuel* 

(v) Starbility of an engine is related to the 

distillation range of the fuel used by It. Brorn (1) has 

obtained an emperical relationship between otartabi ,ity 

and 1.0 % evaporation temperature uhon the fuel, Is distilled 
in the standard A.S0T.d=id  method. He states that this 

temperature must be less than (125 + 6/4 air temperature)°?. 

Broun's findings apply to various potrols* 

(vi) The poser output of an engine depends upon the 

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

the calorific value of the fuel and the proportion of fuel 

and air in the mixture dram In during the inducation stroke. 

in the light of these requirements the range of 
volatile fuels available for high speed internal combustion 
carburettor engines are at present limited to petrol, 
bczizol, kerosene and alcohol, Some of the properties of 
these fuels have boon compiled and shown in table no„ I 
which ivos a relative idea about these fueled 
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From table no, I it can be concluded that alcohol 
fuels are better than others because of their better snti-
knock characteristic, higher volumetric efficiency (higher 
latent heat of vaporisation) and greater volitali ty. Apart 
from these, they have another advantage which as discussed 
belowr Increases the nod of alcohol 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 
while the Alcohol fuels are the ur torod fuola. Stored 
fuels are the fuels shich, 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 but not uAlimitod. With our present 
knoun resources of coal and oil and the rate of consumption 
it is foared that both of these fuels wiU be exhausted 
soon. Undoubtedly more coal and oil i11 be discovered 
to add to our reserves with no less doubt that the i orlds' 
consumption of these basic fuels will increase tith increased 
industrialisation, It appears that while the discoveries 
grow arithm tically consumption grows geometrically and 

upon in near future the consumption overtakes diocovorios 
the rorld ri11 be hoading for industrial disaster, No 
doubt in future alternate sources of power will be o3tploitod; 
tidal,, the worlds' internal heat and the most potent of 
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TA Bit 1• Properties of Volatile Fuels suitable for high speed Internal Combuetion Carburettor Engines, 
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From table no. 31 it can be concluded that alcohol 
fuels are better than others because of their bettor anti-
knock characteristic,. higher volumetric efficiency (higher 
latent heat of vaporisation) and greater volitality, Apart 
from these, they have another advantage which as discussed 
Belo t increases the need of alcohol fuels all the more. 

1 - 2. 	 F s 

The fuels of table I can be divided into t so classes. 
The first three belong to the category of 'stored fuels 
,while the Alcohol fuels are the unstored fuels. Stored 
fuels are the fuels which, 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 but not 'uhlimitod0 With our present 
known resources of coal and oil and the rate of consumption 
It is feared that both of those fuel r will be ezhausted 
soon, Undoubtedly more coal and oil will be discovered 
to add to our ?esorU►es with no less doubt that the worlds' 
consumption of these basic fuels a, will increase '1th increased 
industrialisation. It appears that while the discoveries 
grov arithm3tically, consumption grows geometrically and 

uhon in near futuro the consumption overtakes disco rorlos 
the world trill be heading for industrial . disaster. No 
doubt in future alternate sources of paver will be exploited; 
tidal, the worlds' internal heat and the most potent of 
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all atomic energy0  Never the lessg  our present economy 
demands liquid fuels and there are various reasons to 
believe that for a long time to come, arall independent 
poser units fed by liquid fuels will continue to be used, 

It is, therefore, desirable to search out and 
investigate the possibility of the use of unstOzcd liquid 
fuels for future use,* Alcohol is one such fuel. It is an 
excellent fuel and it can be producod in sufficient 
quantity from veg table matter, farm waste or water gas. 
Its use may be regarded as a direct method of obtaining 
energy from sun without the intermediary of storage in 
earth for long period of time. As long as the sun shines 
plants will perform their synthesis of starch from the 
abundent carbon di-oxide and rater that bathe our planet* 
From this annually renewed store of aratr materials, alcohol 
can be roadily produced. Its production from vegitablo 
sources involves no drain on the world's storage as by 
using this fuel, cro are using the sun's onorgy, as it is 
available from day to days  to dovelopo motive powor. 
As against this, tho use of so  rod fuels involves a drain 
on our fixed acseto. By using the stored fuels, ve are 
squandering away our capital uhoroas by using the alcohol 
fool o as if it voro q  we arc living within our income. 

The alcohols which are of interest as motor fuels 
arc for reasons of boiling range only the first few members 
of tho nonohydric series. Not ►l alcohol ( . P. 65°  C) , 
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Ethyl alcohol (B.?. 78° C), N-propyl alcohol (B. P. 97 C) 
and •N-Butyl alcohol (1170  C) . Table II gives the important 
properties of the four alcohols mentioned s 

Name Metbenol Ethenol Propanol Butonol 

Formulae C1140 C2H60 C X80 C4E 	O 

Molecular 
weight 	32 	46 	60 	74 
Specific 
gravity 	0792 	0.785 	0..799 	0.805  
Boiling 
point 	149 	172 	208 	244 
Grove Calori-
fic value 
BTU/lb. 	9770 	12800 	14600 	16500 
Latent heat 
of evap ration 
BTU/lb. 	502 	396 	296 	264 
Air fuel 
ratio 	6.4 to 	9 8 1 	10.5 1 1. 11..1 $ 1 

1 

TABLE Ii - Giving various properties of Alocohol fuels. 

Out of these, the last two are not used as fuels 
because of their higher cost of production. 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 liquid which is 



partially soluble in water and having a B„ P. 66°  C and 

specific gravity 0.8 , It can also be made by synthesis 
from carbon monoxide and hydrogen (water gas) . 

Mixtures of methyl alcohol are often used in super-
charged engines for racing purposes largely on account of 
the increased valumetrie efficiency resulting from higher 
latent heat of evaporation of this fuel. However, methyl 
alcohol mixtures are more liable to preignition and this has 
been a major restriction in the use of it as a fuel, 

I - 3 
I 

Ethyl alcohol is obtained by fermentation of 
vegEtable matter. It is produced commercially from starches 
of cereals and potatoes and from molasses and sugar by 
process of fermentation. 

Its use as a fuel mixed with hydrocarbon fuels was 
seriously restricted in the beginning because the straight 
distillation of ethyl alcohol (which was then in use for 
its production) could not yield a material richer in alcohol 
than 95.6 % by weight. The presence of water seriously 
limited the miscibility 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 Is possible to obtain 99,6 % spirit. With 
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this almost complete miscibility Is obtained In any 
proportion certainly hell beyond the limits of the probable 
mixtures., 

Ethyl alcohol as a fuel (uhon used alone or as a 
blend with hydrocarbon fuels) for I. C. engines offers the 
following advantages s 

	

l) 	Greater safety by reason of Its to degree 
of vo .itality and higher flash point (about 65°F), Its 
vapours are not quito halt as heavy as those of petrol so 
It does not creep and accumulate In dangerous quantities 
on by levels, and a higher proportion is needed to form 
an explosive mixture# 

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

(3) Its uniformity of composition is another point 
in its favour. 

(4) Ii  Higher volumetric efficiency is obtained iith 
this fuel, Volumetric efficiency depends upon the charge 
density and this Is offoetod by the charge temperature 
Charge tomperaturo is to rest vitb fuels of highest latent 
host, Ethyl alcohol to a Pucel having a high latont boat (396  
BTU/lb. Flo that of petrol is only about 136 BTU /̀lbd) 

If during the induction strokog  to assume complete vaporisation 
thou the fall in temperature uili amount to 210  C for potrol 
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and 860  C for Ethyl alcohol. Ricardo has recorded for a 

certain engine operating at a compression ratio 6 s 1 with 
jacket temperature of 1140°F, induction temperatures for 

petrol 268OF and Ethyl alcohol 160°F. With Petrol, he 
obtained volumetric efficiency ranging from 76.6 % 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 80.6 % 
to 86 %. Moreover, by richening the mixture, volumetric 
efficiency increased faster with alcohol fuel than with 
petrol fuel, 

(5) It is an anti-Iaock fuel and has the ability to s" 	— 
very high compression ratios. The Octane rating of Ethyl 
alcohol is above 100 (2). This advantage coupled with the 
advantage of high volumetric efficiency has made alcohol 
fuels hot favourities for racing car engines. Discol (R.D.l) 
and P.14.8. 2 are two well known racing fuels composed of 
mainly Ethyl alcohol, Natalite is 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, 



(7) In many hot contrios the use of more volatile 
spirits is almost impossible whilst in botoct climate 
alcohol is perfectly safe, 

(8) . Alcohol fuels tend to give loss carbon monoxide 
In the exhaust gases than petroleum motor spirits0 lichty 
and Phelps (3) have recorded the effect of adding 20 ' 
of othonol to unleaded petrol, 'heir general conclusion in 
that the percentage of CO is 1 to 2 % loss at all loads and 
speeds and that this moans a lower thermal lose of 2 to 4 $ . 
This is valuable in ttsolf q  but the gain in atmospheric 
purity is important since an ongino under full load will give 
an exhaust gas which contains 2 3 3 CO Bch may increase 
to three tirnoa thin value at half speed, 

(9) Alcohol blonde tend to produce less carbon 
deposits than normal petrol.s and that the deposits are , .. 
softer and easier to removo0 Zt nto l (4) has suggested  that 
carbon deposits in an ongino may be removed by periodic 
running on alcohol blond* The alcohol softens tho carbon 
which is ovontu lly burnt away. 

(10) Tho otaz'tubility of the ongino #mprovos with 
addition upto a dun of 20 N of alcohol Hotio (6) has 
ot'atc d that an addition of 10 3 ethyl alcohol i aprovos tho 
startability of, potrol at temperature doun to OOP„ Haffort 
rand Clazto!n (6) roport that ott l alcohol improves tho 
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startabtiLty of benzol. "blends, Thus a certain petrol 
permitted a start at an sir temperature of 100  C within 
twenty revolutions of the engine* The addition of 20 5 
bonzol allowed a start to be made within fifteen revolutions. 
The addition of ethyl alcohol to the bonzol blend reduced 
the number of engine revolutions to start,9 unless the 
othonol content of the blond ozcoodod 40 5,, when it caused 
the startability to be impaired. At zero degree Centigrade, 
the addition of ethyl alcohol upto 20 % improved the 
startability of normal petrol. At 50 some what similar 
results wore obtained except that the difference between 
various fuels became less marked. 

However, the use of ethyl alcohol as fuel Involves 
the following difficulties *- 

Its calorific value is only two thirds that 
of gasoline hence the quantity of work produced in the 
combustion of a given weight of alcohol will be loss that 
that produced by the combustion of an equal weight of 
gasoline and as a practical result the fuel consumption 
in terms of m.peg, would be lesser than that obtained with 
petrol, 

(2) 	Oiling to Its lou hydrogon content the ratio 
of alcohol to air in the working miuturo is greater than 
with normal potroloum ba o f aol-o. The ratio for complete 
cos bustion being in the region of 9 to 1 or in terms of fuol 
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to air ©. 3,1. This characteristic demands the use of a 
motoring jet orifice of considerably larger area than 
when petrol is usod4  

(3) It has a higher surface tension and is less 
easy .ter atomise„ 

(4)  It will not mix with oil and cause lubrication 
difficulties in the upper parts of the cylinder, 

(b) 	It has a high solvent power which affects 
joints and can wash previously depositod gum from tanks 
and transform them to the engine. 

(6) 	One of the troubles which have arisen with 
alcohol in engines has been that of corrosion of valves otc9  
due to production of acid bodies. The partial o .dation 
of alcohol takes place at low temperature and loads to 
the formation of aldohydvs, which subsocjuontly become acids* 
Ethyl alcohol begins to short formation of aldohydos at 
3000C 9  but moth *l alcohols which oxidisos more roadily at 
1600  C', 

Aldohydo formation is duo to incomplete combustions 
Givon an oicoos of air it should not occur, With oven a 
small deficiency at a moderate temporatureq  some al9ohydos 
and acetic acid are certain to be formed from ethyl alcohol 
and tho othauct gases are always liablo to,contain traces 
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of acids. Running a few revolutions on petrol or benzol 
before stopping the engine is found to Overcome the trouble 
of corrosions  and this actually offors no great difficulty, 
for in many cases ouch fuels are neoossary for starting 
up* It must be remembered that while the engine is hot,. 
these acid products ril1 not affect the moth]., It is only 
on cooling ich loads to their condensation on the surfaces, 
that action will cot up. For this reason, the silencer is 
generally found to suffer most. To noutra2.iso the acid 
products which cause corrooionp Various basic volatile 
bodies, concentrated ammonia#  nicotine etc. are sometimes 
added In very small qua,ntidoc. 

(7) 	Another type of corrossion is that which 
sets up by the fuel itself on tanks, pipings etco In 
extensive trials of power alcohol or alcohol bonzol mixtures 
carried by the London Gonora]. Omnibuw Company, Copper and 
Iron yore found to be badly attacked, By 'tinning' with 
load or lead tin alloy, this was prevented, The action 
appears to be duo to o.s tors in the wood naptha4  which on 
hydrolysicq  Civo rice to traces of organic acids. It should 
not9  therotoro- g  occur with synthetic methanol, The addition 
of a anal quantity (0„2 to 0.3 u) of sodium bonzoato is 
stated to be a provontivo. Oomandy (7) olainod that corrosion 
did take place if zanbydrouc alcohol wore Wed. 
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Almost all of those 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 S. I. engines, They should 
be used mixed with other fuel or fuel mixtures so as to 
impart some of the important properties to the resulting 
mixture iminaly higher compression operation without knock, 
greatbr fuOl economy and lover exhaust temperatures. The 
higher latent heat of the alcohol 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 i h3.ch 
derive their high Octane rating by addition of Tetra-ethyl 
lead. It is$  therefore worth-while to study the performance 
of the S. I. engine with various alcohol-gasoline blonde 
so as to assess their effect on engine performance to find 
the most suitable blend. With this view the following 
experimental work was undertaken* 

I - 4  ST UMZ 2. .,$ROBLEM  x - 

(i) 	To investigate the anti-knock value of various 
alcohol gasoline blends by finding their B,II.C.R. values and 
to cordate the H.U.C.R.. with percentage of alcohol in the 
blend.. 

16 



(16)  

(ii) To determine for a given S. I. engine 
(carburettor setting, Ignition timing and compression 
ratio fixed) Uhich blend of alcoho -gasoline Is most 
suitable. 

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

(iv) To study the engine performance with various 
blends. 
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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 fields in other countries have dis-
couraged the use of alcohol blends as fuel and have 
emphasised the disadvantagas in the utilisation of such 
fuels* 

In several European countries and in Japan $ which 
have to import gasoline the law renires that a certain 
amount of alcohol varying from 3.2 to 25 %, depending upon 
the country, be added to gasoline vhensold as mover fuel. 
In Czechoslavokia the law requires 	., a 20 % inclusion 
of ethyl alcohol to all the petrol sold.. In Sweden*  it 
is usual to include about 25 % of alcohol in motor spirit. 
In France the three motor fuels which contain alcohol are 
Ci) Carburant Tour3.seme - containing 11 - 20 % alcohol ; 
(ii) Carburant VoidLoutrd . with less than 36 % alcohol ; 
and (Iii) Super carburant alcohol over 16 %. 
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Rub end ik (8) in Sweden has iiorkcd on alcohol blonds. 
He ozamined a number of alcohol blends on a high compression 
engine. He found that the power outpout increases as the 
percentage of alcohol in the blend increases upto 16 
alcohol. faximum power is obtained tith 16 % ethanol blond* 
Increasing the ethanol content thereafter causes a decrease 
in potrer output, although a 26 % gthGnoj blond is again 
equal to basic petrol. He further found that ethanol blends 
containing not more than 26 ethanol give no higher 
consumption than basic petrol, the optimwm value being 16 S. 
Increasing the ethanol content thereafter causes an increase 
in fuel oonsumption0  Upto 26 3 blond, the consumption is 
to er than that obtained with basic potrol, 

The 8vod . sh Government marketed a 26 % ethanol blend 
• called 'Lattbont71 • hubozadik published a report of ton 

years operation of this blend. He stated that the performance 
eras satisfactory and that a driver could be a aro that ho 

• was running on alcohol fuel only because of its smooth  
running 

In, Japan, Suva (9) has dono cork with alcohol blends 
on a standard C.F. R. E nginoa His results shoed that uhon 
knock i s tab sont, the addition of ethanol to petrol moroly 
increased the fuel consumption, but by taking advantago oi' 
inoronco in ignition advance possible with tho alcohol blonde  
potror output van increased and fuel concnmption reduced as 
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compared with the petrol. This effect was more marked at 
higher compression ratios permissible with high anti-'knook 
alcohol blends. Blends upto 30 alcohol gave specific 
fuel consumption less than that of petrol alone* Teats on 
road with normal cars gave similar results* The smoothness 
of running was most marked with the alcohol blends. 

Similar results have been obtained by Toodore (10) 
in PhiUipines. He concludes that blends containing 6 to 
30 % alcohol are superior to petrol alone. The smallest 
specific fuel consumption was obtained with a blend contain-
ing 16 % alcohol. 

lnthe U.K., work on this has been carried out by 
icardo, Tizard, Pre and Ormandy with similar results. 

Ricardo's racing fuels R«Hl  and H.t►2  containing ethyl. 
alcohol have been widely resod. 

`ritzweir (U) in Germany has expressed the opinion 
that tow motorists who have used a good alcohol blend will 
ever desire to change. 

In South Africaq  Walker (12) has reported on excellent 
results with a bland of 40 % ethyl alcohol, 40 % benzol 
and 20 % patrol, 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 United States of ,mericag petrol-alcohol blonds 
have boon ontonsivoly investigated,, Christianson (14) 
has obtained favourable results„ The Chemical Foundation 
has produced an alcohol blond called Agrol (having 10 3 
alcohol) a Hoy ovor, Gustav Egloff (16) has disputed the 
suitability of alcohol blends and has stressed the diffi-. 
culty of coparationp inferior aocolerationg  cold corrosion 
and inaroaood cylinder «oar. In one series of tests extend-
ing over ninety days using 280 000 gallons of mixture 
containing 10 0 alcohol pith car speeds of 30 m.p.h*, the 
fuel gave about 10 % less miloago. One pint of Commercial 
anti-knock patrol save a mileage of 3.2 1 60 - 62 U.S. petrol 
gave 31176 and ale ohol-potrol blend 2.9 miles. 

On the other hand s  it has been claimed (16) that 
German t4onopolin 20 % absolute alcohol and 80 % petrol 
chord a saving of 1.7 % over patrol and 10 % over petrol 
bonzol mixtures In tests carried out on the standard 
C.P.B, engine the 10 5 alcohol-petrol blond gave 5 % higher 
octane value* 

The above review indicates that the parallel works 
carried out in differont countries chow the presence of 
to cchoolo of thought ovor alcohol blondsg  but froo the 
literature available thero tiun to be an ovoruholming 
nano for the petrol-alcohol blonds, 
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$XP 'tIMENTAL APPARATUS AND TECHNIQUE 

The invovtigationo have been carried out on Knock 
Tooting Engine B.AbS.F* The complete unit consists of 
the testing ongino g  electrical loading and accessory 
equipment. The engine is single cylindor having a bore 
3-9/l6" 9  stroke 3-9/16" and a displacement  of 20.38 cu. in. 
The output of the tooting engine is 0,6 K.U, at 600 r.p»m. 
and peg K.W. at 900 r.p.m. with a fuel consumption of about 
400 cl.lhre at 600 r.pems and about 600 ml/hr. at 900 rop.me 
The comprecnion ratio is continously variable from 4 : 1 to 
1.1 j 1 uhilo the engine in pporating. Thic is achiovod by 
rotating the cylindor adjusting cranks  which drivoc a urorm 
gear, The cylinder may be raised or lowered in this manner 
and any compression ratio between 4 and 11 obtained. 

The ongino is fitted with a carburettor with throe 
adjuntablo fuel containers to change the knock intensity by 
varying the level. Each of the fuel container may bo 
connootod by a fuel colvctor valvo to the main jot. Every 
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containor is omptiod by a float actuatid needle valve on 
the bottom, Each contained is adjustable in height position 
by a thread in the outlet socket. In this way the fuel 
lovol in the float chamber is variable for alternating 
ninturo ratios. By varying It the fuel quantityq trhich 
floio from the main atomising Sot into the manifold 8ockotq  
may bo changed. The air volume remaining constant, this 
proccduro modifies the fuel-air ratio and at the same time 
tho knock intexcity. The float and floating chamber zalla 
are nado of glass. So the adjusted fuel level is visiblo. 
Every sot of the level is indicated on the etched glace 
ecalo of the floating chamber troll* One full turn of the 
fuel container changes the level for 2 mmo. = I division 
on the scale 

The engine is cranked q  motored and loaded by a throe 
phano induration motor, drivon over 2 V-bolts. A watt-motor 
indicatory poor dolivorod. The engine cpood can be ad juotcd 
at 600 r. p. m, or at 800 r. p. m. by chanaablo V-bolt pulleys. 

Por comploto dotailo og the apparatus and tho 
inotrumentation, roforcnao may be mado to "Knock Tasting 
Encino B.A. S.F. Puol Rating and Oporation" by Frans Janotche 

The otporizncnt ms carried out in the folloiing 
otagoe : - 

} 
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Vii} 	To find the effect of various alcohol-gasoline 
blonds on the knocking tendency of the engine, 

(ii) To find the power out-puts, fuel consumption and 
thermal efficiency frith various alcohol-gacolino blonde 
at same engine sottingo viz, same setting of the 
carburattorg  ignition advance and compression ratio9  
for each blond,. 

(iii) To *find maximum power 0  corresponding thermal officioncy 
and specific fuel consumption obtainable with each 
blond at some compression ratio but optimum mixture 
strength and Ignition setting* 

(iv) To find maximum power, thermal efficiency and spocific 
fuel consumption at the most optimum conditions for 
each blond iso4 at the H.U FC.R. of each blend with 
mixture strength and ignition timing adjusted for 
maximums powor. 

(v) To plot conception loops and thormal officioncy 
curves for soro%  twontyg  forty9  ointyy, eighty and 
hundred percent alcohol-gasolino blends# 

(vi) To determine the calorific value and specific gravity 
of each blond and to corolato thou with the porcontago 
of alcohol In the blonde 
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(vii) To perform the open eurcuit and hold on tort on the 
3"phaeo induction generator coupled to engine in 
order to dr€ttr the circle diagram for finding the 
input to tho generator (output of the engine) 
oorreaponding to various watt-motor readings (output 
of the gc norctor) 4 

In thofollouing pages is given in brief the expert-
mental procedure adopted in each experiment. 

(1) 	Ricardo shoed that fuels could be made to knock if 
the compression ratios uero eufficiontly highs He 
dosig d the first comtimvuslq variable compression 
ratio engine and with its help$ rated the fuels in 
accordance frith the maximum compression ratio they 
could tthatnnd without knock. He invented the 
first system of knock rating and coined the phrase 
H.U.G.R, His oyotom of 'Knock Rating' is in some 
'Nays iup'erior in acoocsing fuels  than the Octane, 
scale notr fachtonablo, 

Ricardo' s method of knock rating c onoi otod in 
determining tho highest useful compression ratio to 
trhich a fuel nay bo subjected before the incroaoo in 
knock causes a reduction In Povor output from the 
engine under cortoin dolled conditions* It to not 
the highest compression ratio the fuel would iithotand, 
but the highest ratio that is north uhilo to employ, 
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It -y be bettor undoratood by considering the test 
proceduroo 

The engine was set at a l w compression ratio 
ao that the fuol would operate without knock,, It 
was Callouod to run for half an hour to warm up,, Then 
tho eompreacion ratio tias varied and the matt-motor 
reading notod, ad juoting nizturo strength and 
ignition lotting for mzimu poiror. At some ratio 
6*46 knociv was hoard. Previous to this at 69  a alight 
harohneae to running was observed, but increase in 
compression ratio still reeultod in increase in 
potor. . At this a ompreosi on ratio 6,46; tho engine 
continued to run at full power without dintrooe or 
danger to the ongineq the knock remaining alight0 
On increasing the ratio beyond 6,46 the knock became 
more pronounced and after a fou minutes drop in poror 
t'ac observed, By retarding the ignition and onrichonning 
the .mixturo the knock could be oupprooscd and ovon 
higher ratios could be uaod upto 6.89  but the pouor 
output tras reduced and fuel consumption increased, 
Hence it was concluded that the compression ratio 5,45 
was thomost officiont for that fuel (petrol) an highor 
ratios offered no bonofit t in poop or consumption. 
Its H OU O C O R$  tray thoroforo recorded as 6.44„ 

By ozamining camploo of It 9  2039  3O 9  40ao  
50% Q  . , , , 100%f alcoholq  their B,U,C0R,, van found in 
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the same manner end recorded in table no.llt 6 iV 

iii This part of the experiment was performed with a view 
to find out the most suitable alcohol-Wgasoline blend 
which may give higher thermal efficiency and lover 
consumption without, however requiring 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 
container level was then set for maximum power for 
gasoline. The power output and the time required to 
consume 100 cos of gasoline were noted. In the mean-
while a 6 S alcohol-gasoline blond was filled In 
the second fuel container of the carburettor. The 
float level in this container was kept at the same 
level as In the first container. The main Set was 
connected to the second fuel container and allowed to 
run on that blend for fifteen to twenty minutes.. 
When the level of fuel in the container care to a 
premade mark on it, then 100 c, e, 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 5 % blend had been noted, the jet was 
connected again to the first container by the fuel 



(27) 

selector valve and the same procedure was repeated. 
With different blende upto 100 % alcohol, the Batas 
so obtained were tabulated as shown in table not 
From this the power outpout, thermal efficiency and 
specific consumption were calculated and results 
tabulated in Table No.xX 

(iii) The general test procedure adopted was the same 
as in the previous came except for the tact that 
for each blend the mixture strength and ignition 
timing were adjusted to give maximum power. The 
results obtained have been tabulated in the Table 
No.XXJI 

(iv) To find the maximum power at optimum conditions, use 
was made of the H.U. C, R. values which had been obtained 
earlier. 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 
adjusted for optimum power in each case. The 
observations were recorded in Table NoXXV 

v) 	In order to plot the consumption loops,, one fuel blend 
was taken at a tine. 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 allowed to 
run for about half an hour at each load before a 
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reading was recorded. Observations were recorded in 
Table No.XXVLI 

(vi) The calorific value of each blend was found 
ozporimontally by the B, T. b. bomb calorimeter for 
a complete description or which reference may be 
made to B, TJ  JO bomb ca3.orimotor outfit Brochure 
No. a 20 9. 

First of all the water oquivalont of the 
calorimeter was found by burning a known weight of 
Benz olo acid, the calorific value of which is known 
procisoly. (6319.1 cal. /giz. ). The cruoiblo was woighod 
accurately and was then tiUcd with about I to 1 
gins, of Benzoic acid and roweighed to find accurately 
the weight of bonzoic acid put in. The crucible was 
placed in the bomb which was roascomblod and charged 
with oxygen to about 25 atmosphoros. rho bomb was 
im orocd in orator to test for leaks. The electric 
connections wore mado and stirring Soar otartod, They 

charge was Fired by closing the switch and the obser-
vations wore recorded as shown in table no4V 

Tho -oxporimont was then porfornod with various 
blonds and the oboorvatioms recorded as she rn in 
tho table no.Yt-XVITho calculations for the calorific 
value have also boon, shorn below each sot of 
obsorvationso 
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(vii) Open circuit and hold on toots were made on the three 
phase induction machine so as to find out the input 
of the generator corresponding to various values of 
the output. 

In the open circuit test, the machino was run 
without load. Rated voltage of 400 volts was applied 
and rading a of the ammeter and the two w atttmotors 
provided in the circuit were rocordod an shown in 
table no.XvIu 

In the hold on test, the machine gran prevented 
from rotating, by •holding tho puUoy on its shaft 
by hands. A reduced voltage was appliedd to obtain 
the rated current which was read in the am-motor 
provided.. The power supplied was obtained from the 
readings of the two watt--motors incorporated in the 
circuit. The observations gore recorded as shown in 
the table no;xix. 

From this data the circle diagram shown in 
figure no. i Ea) was drawn in the following manner. 
No load current vector OA was drama at an angle of 
84012' with the voltage vector, Vector ©C represented 
the hold on curront-I s corresponding to the rated 
Wltago. BC was 3oinod and its right bisector DE 
was dram, Its point of intormoction, Eo  with a 
horizontal draan from A eras obtained.With centre 
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FIG. N La) 	CIRCLE D/AGRAM OF /NDU C T/ON 

GENERATOR 
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E and radius EA a circle was drawn. CF 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 circle 
diagram is for the generator while the upper half 
represented the motor. For any generator, output 
OK the generator power input is represented by GH. 
Hence by making use of this diagram the power input 
to the generator corresponding the various watt-mater 
readings could be obtained.. 
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+OBSERVATIONS AND CAICULATION8 

1, Engine speed 600 r,p,m. 
2. Mixture strength adjusted for maximum power in each 

easel* 
3. Ignition timing adjusted for optimum parer in each 

case. 

,3erial 	Percentage of 	B U.C.R. 
Number 	Alcohol 
U U. U. U. M 1FY U. I,i W +N w U. U. U. U. U. w Ns U. Ml U. Nb U. — — U. w U. 

	

1 	 0 	 5.35 

	

2 	 10 	 6.50 

	

3 	 20 	 6.80 

	

4 	 30 	 603.0 

6 

	

40 	 6.35 

	

6 	60 	 6.60 

	

7 	 60 	 6.75 

	

8 	 70 	 6*95 

	

9 	 80 	 7.10 

	

10 	 90 	 740 

	

11 	100 	 7.66 
rr 

 

	

U. 	U. 	— s U. r — 	— — - M UM U 	 — U. r Us w 	 it w w► r r 
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1. Engine speed 900 r. p. m.. 

2, Mixture strength adjusted for optimum power in each 
*ass. 

3. Ignition advance adjusted for optimum per in each 
case. 

40 0 r +r — .► .M. .. — a4 w — w «. w. - w " 4w 0w — .c * * a. — w .W 

Serial 	Percentage of alcohol 	Highest useful 
Number 	 compression ratio 

 

1  0  5,46 

	

2 	 10 	 5.70 .  

	

3 	20 	 6.90 

	

4 	30 	 6.20 

	

6 	40 	 6,40 

	

6 	so 	 Go60 

	

7 	60 	 6*96 

	

s 	70 	 7.10 

 

9  80  7.30 

	

10 	90 	 7.50 

	

11 	 100 	 7.80 

+► r w a— — w ns — w► - r , w yr ,rr — err u.i - rr — — w +~ r r ,r wi. r • ,w,. 



a 	o e~ 	s 	. 	a 	• 	Ei 

f3bso t3O Z 

1. 'ioight of the empty crucible 
2. toight of the crucible plus bonmoic 

acid 

3. 1eight of bonzoi.c acid (a) 
4. Standard calorific value of benzoic 

acid (C) 
be !eight of water is the container 

6, Corrected temperature rise 

(1J' + U") z temperature rise 
or 	(1800 + U!') z4 
or 	 U' 

9.5 gma. 

=1Q# 829 gma. 
a 1.329 gms, 

6319.1 cal/gm. 

1800 gma. 

rs 

1E? 	C 
=le329z631'9.► 

= 300 gms. 

ADL 3Q. VT _ 

C 

PJoyrionj,, $ 
l¢ 11oighb of empty crucible 	 = 9.5 gma. 
2, Hoight of crucible pluo fuel 	a 11.6 gms. 
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3e Weight of gasoline ( ) 	 a 	2ginaa 
4. Woight of motor in thd container 	1800 gins. 

6. Corrected tomporature rise 	 9,8 C 

cation . e 

t' + 	z temperature rise 	ir x C 

or 	 C 	~r!lall~f~li~if Y"~~II~FY1fiiW W i Jl1N ~._.k._ ~ 

r 

+~ 10300 ao l/gIa. 

= 18,850 BTU/Ib* 

!.♦ . z X1,1 ,, 	- 

1. weight of c +ptt cruciblo 9.5 gmoo 

IO Weight of eruciblo plus fuel 11.8 grno, 
3* Woight of fuel alone (ii) 2,3 gorse 

4, Weight of rater in the container a 1800 gino0 = 1111 
5 Corrcotod temperature risc a 73O C 

(W1' + ii' l) x temperature 
rise 

or  (1800 + 300) 2 703 

01' 	 C 

= x t C 

2,3 nC 
rp 

e3 
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Calorific value of 10 Alcohol asoline blend - C 

1. weight of empty crucible 
2, Weight of crucible plus fuel blend 

3. weight of fuel (w) 
4.. Weight of water in the container W 
8. Corrected temperature r se 

(U' + WO') x temperature rise 
or 	 C 

9.8 gms. 
11.28 gms. 
1.76 gins 

1800 gme . 
8.3°C 

a w x C 

U 2 .x83 
'1. 73 

9950 cs1. /gm. 
17, 900 B 1/lb. 

Calorific value of 20 Alcaoh41-- aaoline blend - C 

to Weight of empty crucible a 9.6 gins. 

2. Weight of crucible plue fuel blend to 11.0 gins. 
3. Weight of the fuel blend = 1#6 gmso 
4, Weight of meter in the container Wit a 1800 gms. 

b. Corrected temperature rise = 6,85° C 
ca1cu1atio, na, 

(W +w'')  temperature rise w a C 
Therefore, C 2 r, ~~ ~6.85 ~ 
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or 

9680 cal/ gm. 

17.25Q BTU/lb. 

• 4' 	'L-. 	w 	 x ♦row 	c:v' 	• VO * 	1► 

Observationn $ 

1. Weight of crucible 	= 9.5 gins. 
2. Weight of crucible plus fuel b 

blend 	 = 11.31 gms. 
3. Weight of fuel bland (v) 	a 1..81 gins. 
4. Weight of water in the con 

tamer, Wr o 	 1800 gins, 
6. Corrected temperature rise 

	3oc 

No + W") x temp,. ri se 

or 	 C 

w a 

1.81 
927$ cal,/gm. 
16,700 B2W1b. 

• s  -  •  '  v  • s •  r  •  •  ; ~ i 

1. Weight of empty crucible 	a 9,6 grna. 
3. Weight of crucible plus fuel a 11.1 gmso 
3. Weight of fuel alone (v) 	a 1.6 gms. 
4. Weight of water in the container 

a 1800 gins. 
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5. Corrected temperature rise 

(W+ + Woo) x temperature rise 
or 	 C 

r 	" 

v•x C 
l_'  ' t®92. r1 JIV ~r Il~f r~~wM~,y~r iY~rw~~~ lrir~r. r u~~r 

R 

.6 

8800 cal./gm 

a 1.60860 BTU/1b. 

1. Weight of empty crucible 
2. Weight of. crucible pica fuel 
3. Weight of fuel alone (w) 
4. Weight of water in the container 
6. Corrected temperature n .sa 

(W' + W") z temp, rise 

or 	C 

9.5 emu* 

3.1.5 gms, 
a 2.0 gins. 
= 1800 gins. = WI I 
a 8.1°C 

*VX C 

+fit _ ± '~' _t 
V 

x2300 $ 

a l5#~© BTU/lb. 



TAB  
e1orio pf 60 	is c 	ea1i a bla  

) 	A7,77I 2 

L. Weight of empty crucible 	 9.6 gins.. 
2. Weight of crucible plus tue]. 	* 10,9 gms. 
3. Weight of fuel alone (v) 	 1.4 gms. 
4. Weight or vater in the container 	1800 gme. W" 
6. Corrected temperature rise 	5.4° C 

(w' + W") z temperature rise w x C 
or 	 C 	kW'+W'!)+  mmv rise 

w 

8100 cal./gm, 
14,600 Bit/1'b« 

, riM. a. all 
C ariric value of 70 alcahai asoline blend +C 

1* Weight of empty crucible 9.8 gms. 
2. Weight of crucible plus fuel. 11,2 gins. 
3,. Weight of fuel alone (v) , gms. 
4. Weight of water in the container a 180 gray 	W# I 

6, Corrected temperature rise = 	6,3 C 
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Clcu1atioY1L ! 
(WI + W") x temp. rise 

or 	C 

 

a 7780 cal. /gm. 
a 14,000 BTU/:Lb. 

Calorific va1ie of 8 	A1ccohol asoline blend -C 

Obse ,at1ono s 
1. Weight of empty crucible = 	9.6 gma. 
2 Weight of crucible plus fuel a 11,8 gms. 
3.  Weight of fuel alone (w) a 	2.3 CA. 
4.  Weight of water in the container = 1800 gme, = W" 
6. Corrected temperature rise a 	8.10 C 

(Wf + Wt') temperature rise 	v x C 
or 	 C 	(W:,~.! M' t)  M P rise 

V 

~* 7390 cal /fat. 

13,300 0 BTtt/lb„ 



( 41 ) 

s %  ~ 

C3orjtj + u 	o 	90 	caeoJineJ,lenfi 

1. Weight of empty crucible a 9.6 gag.. 
2,  Weight of crucible plus fuel a 11.1 gins. 
3,  Weight of fuel alone (v) 0 1.6 giaa. 
4,  Weight of water in the container = 1800 gins. =. W' O 
5. Corrected temperature rise a 6,40 C 

C kW' _ 	itiee 
V 

22008.4 
1.6  

a 7080 cal, /gm. 

TABLE NO I 
=* 

 
12.760 BWIb. 

_ • 	_ wr . fR - #b iM, 	 i w Iw 

S.No. 	Percentage of 	Specific Calorific value 
alcohol 	gravity  

1. 0 0,74 16,60 

2 10 0.746 17,900 

3 20 0.751 17,260 

4 30 0*756 16,700 

6 40 06761 169660 

6 60 0.768 18,300 

7 . 60 0.772 14,600 
8 70 0,77? l4000 

9 80 0.7826 139300 

10 90 0.788 1275O 

11 100 0.194 12,000 



x • :11 ~ 	- 	••~ ~ 	•~s 

l.♦ No load current 1,p 	a 2.1 Amperes 
2. Reading of watt*-metor no.1 a 600 watts 
3. Reading of watt.motor no.2 36O watts 

4. No load voltage (V) 	= 400 volts 

Phase angle betwe n voltage 
and current vector at open 
circuit L 

0 

W 

=9,84 

Therefore, 	0o 	= 840 12' 

1.  Hold on voltage, 	V. = 90 volts 
2.  Hold on current Z. a 7.6 amps 
3.  Reading of watt-meter No-1 a 0 
4. Reading of watt-meter No.2 a 600 watts 



Phase angle between voltage 
and current vector at hold- 
on position 	 = 0 

tan 08 	
(WI+W11  

Therefore,$  08  

Hold on paver corresponding 
to rated voltage 

y a 	is 
=  U.8 iI_ Mutts 

. 
Hold on current at rated 
voltage (Ii) 

Go 



1. Compression ratio 	6 
2. Engine speed 	= 900 r.p,m. 
3. Ignition timing 	- fixed  
4. Carburettor fuel con. 

tamer loyal 	- fixed 
" w► 	w 	—0 — 0. — r .w 	a. r r . • r . 
Serial Percentage Watt-motor Time is sec.e.(t) 
Number alcohol reading W' to consume 100 c . c 

of fuel 
-- —0 M 	 — - P M - - 	Ui 	X11! 	Mfg 	i M 	,g. 	i- 	fll 	- 

0 1.15 442 
2 5. 1.20 433 

3 10 1.225 434 

4 16 1.20 435 

5 30 1.176 425 

6 50 1.128 409 

7 70 1.00 398 
i1 	sl► .+► 	r 	w 	Mr rr 	r r r w 	— Syr 

1. Fuel per hour = 2 	x 	x up. gravity x 62.4 

x 3600  lbs. t 	. 

7.93 x 	x sp. gravity .bs. 

.. ,. ... . . .  ( 1 

11 
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2, Specific fuel x ,.745 con umptiox~ 	~fngine 

92jc
Wc 	.., P.. ' ' vit lbs/BNP/hr.. 

for 100 cc, of fuel 

•,.s..... (2.) 
Constant R' has been calculated for various blends 

and tabulated In Table No, XXX, 

3. Thermal efficiency 

• 4 ~ C o o - x cp. g~ 
..

ty x 

K" z i2 x ICW x t for 100 cc. gat fuel 
R N f** M 0 f t (3) 

Constant K" has been calculated for various blends 
and tabulated in Table Nei. ]XI. 



I 
a 	 f 

M *! P. — IMF — M M IMF i *. — - — — — 	- — — — — - — Y a 	,V 

Si. 	 Sp. 	C.V. 	b. s. f.c„ 	Thermal 
No, 	alcohol gravity BTU/lb, constant efficiency 

jI 	aonutant Kit 
s +w 	_ — rr w r► wr r ar r w. aw r w w it . — 	s 	r w a 

1 0 0.74 18560 437.5 3.14 

2 6 0.743 18230 439,.0 3.17 

3 10 0¢746 17900 441*0 3,22 

A 16 0.743 17654 442.6 3.38 

S 20 0.763. 17260 445.0 3.32 

6 26 0*754 16900 446..0 3„38 

7 30 0.756 36600 447.6 3.43 

8 40 0,76]. 16950 452.0 3,54 

9 50 0.767 16300 454.0 3,67 

l0.  so 0,772 14660 457.5 3.81 

2.1 70 0.777 13950 460.0 3497 

12. 80 0.783 LWCO 463.0 4,13 

13 90 0.788 12680 465,0 4,,32 

14 100 0, 794 120-0 470,0 4452 

M r r — a .M a — ar a w i a w a +.R r r 4 4. a a a a  
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Ca1oulate& The Effiencea an &].s. c 	0 tat efl 
with 'fliIa, 

1. Engine speed 900 r,*p,.mw. 
2. Compression ratio f 
3* Ignition setting fixed  
4, Carburettor fuel 

container level fixed 

Engine output % 
in 1(W obtained 

s,No. 	% watt- from circle fit: "xt b. o, f,c Thermal 
alcohol meter diagram W" lbs. 1 	P effi- 

reading (corresponding per fir, cieuoy 
Wrt Ws) 

03 1,16 1.666. 736 0.695 23.1 

2 	5 1190 1.715 744 0.690 23.6 

3. 	10 1.225 1.740 766 0...585 24.3 

4. 	is 1.20 1.715 745 0.593 24.4 

6 	30 1.176 1.700 722 0.620 24.? 

6 	50 1*125 1.630 667 0,680 24.8 

7 . 	70 1000 1.660 622 0.740 24.? 

Mr 	— 	r 	- 	an 	 r. 	r~ 	yb ~r — — - - — r r w - — wr .r - — — w - 



1. Compression ratio 	5 
2. Engine speed 	 900 r. p. m. 
3. Ignition setting ad3usted for optimum power with each blend 
4. Mixture strength adjusted for optimum power with each 

blend 

~Obsarvat o~n g 
Serial 	Percentage 	Watt-motor Tine in seconds Number 	alcohol 	reading W' (t) to consume in K.W• 	100 c. o. of fuel. 

«w - 	 ,. - w. ." M. W M► w rr r a+ .s .w «. 40 +4. 

1 0 1.200 429 

2 20 1.275 398 

3 40 1.325 366 
4 60 1.350 348 

5 70 1.250 342 
pow 	+K: 	w r w r a~ r .pr s r r w r+► 	rr 	.r 	.r 	ra 	- 	r 	- w 	r.► 	w 	w 	~► 	+rs 

esu i rn $ TABU N0.. X3 i7' 
a1¢ A 	M 11Ii 	A! 	r 	r. 	wiF } 	r 	Mfg 	y 	i 	+U " 	.F 	M 	q 	" 	 1/ 	til 

Engine out-put 
Ali ! 	r 	r 	MO 	1~ 

Percentage 
RYA 	/IF 

Sl. watt-meter ,It• from 	the thermal b.s*f,c. No. alcohol reading W' circle diagram efficiency lbs. 	P ----- __- _...._-- - 	__ 	..,.«. -WW,. Per 	r.. 
1 0 1.200 1.71 23.0 0.597 
2 20 1.275 1.75 23.1 0.640 
3 40 1.325 1.80 23.3 0.686 
4 50 1,.350 1.825 23.3 0.715 

,..~ a 14 ~. r.J..5Q . am  .. 	.7 ~» — .. ~. 3a.5.. _O .' ~. 
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1. Engine speed 	 600 r. p. za. 
8. 'Compression ratio 	variable 
3, Carburettor fuel level adjusted for optimum power in 

each case 

4. Ignition timing adjusted in each ease for maxim= power 

-pr 	W 	.dun 	iF rr 	rr 

Consumption 
— r r r — r 

Serial % Compression Time in Watt-meter 
Number alcohol ratio seconds reading W' 

ff,,U«C, (t) in watts  
1 — 	 w 	 r fi . 	.r 	 r 	 a - w 	 r  

for 	l.-  3   — - r► r  r. 

1 0 8.36 624 0.626 

2 10 5.60 576 0,700 

3 20 6.80 667 0.760 

4 30 6.10 536 0,820 

5 40 6,35 622 0,850 

6 60 6.50 609 0.870 

7 60 6.76 495 0.880 

8 80 7.10 470 0.890 

9 100 7.65 446 0.913 
Ar  r  . ~.  .i  Ar  .t  ♦s w  r .6 dr  #r Mr .w  r  .r  w  — .. w r — — .. r 
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Cal elation and resui s 

1. Engine speed 600 r.p.m. 

2. Compression ratio - variable 

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

4. Ignition timing adjusted for optimum power in each 
case. 

w w 

H.U:C.R. #W' 
~• w 	r r  

*W" W"X t b.s.f.c: Thermal 
No. alcohol lbs../I 

.. - - - - - - - - r - - - _ _ _ _ _ _ - 
per hr. - _ - - r 

efficl-
ency 

_ - 	- 

1 0 6.35 0.625 1.25 780 0.560 24.5 

2 10 5.5 0.700 1.346 775 0.570 25.0 
3 20 5.8 0.750 1„390 775 0.575 25,7 

4 30 6.1 0.820 14436 769 0.583 26.3 

5 40 6.35 0.850 1.465 765 0.592 27.1 
6 50 6.50 0.870 1.475 750 0.605 27.5 
7 60 6.75 0.880 1.490 738 0.620 28.1 
8 80 7.10 0.890 1.510 710 0.650 29.4 
9 100 7.65 0.913 1.522 677 0.695 30.6 

- - - - - - - - - - - - - - - - - - - - - - - - - 

* W' represents watt-zpeter reading in K.W. 
* W"represents engine output in .t.Ws obtained from circle 

diagram (corresponding to W') 



1. amine speed 	900 r.p.m. 
2, Compression ratio 	8 

3, Alcohol percentage 	NIL 
rw W — r r i w — ew M + W ~p ". — r w M a .0 a* y M M +► 	Yr +r~ .r 

S.No. 	Watt-meter reading 	Time in seconds 
(WO) in K.ws 	(t) to consume 

100 C oe of fuel 
— JIB 4W - 	4W WF M M 4W 4W 4W ! !W 4W 4W 4W iW 4W iIW P► N MW 4W 44 .!li 44 M f 4W 

1 	 0.9 	 813 
2 	0.7 	856  
3 	 0.6 	 617 
4 	 0.3 	 708 
44 44 4W 4W 44 a[. 

 

we +r 4W 44 wr it 44 +fir 44 r it w 44 4444 44 44 44 44 .r r 44 A+ 

Alcohol percentage 
in the blend 	20 

44 Y 44 .r MD 4W iF 44 44 4W 44 44 Ur M 44 44 as MME 44 44 M M 4W .44 i 44 rY r► M M 

$#.No+ 	Watt -peter reading 	Time in seconds 
(W') in Kowa 	(t) to consume 

100 c. a of fuel 
44 44 M r — wY ,w 44 +4 44 s • 44 44 44 444W uw 44 Y w r w Mr 44 4W 44 44 r r 

1 	 0.9 	 487 
2 	 0.7 	 625 
3 	 0*6 	 636 

4 	 0.3 	 670 
44 44 44 44 44 44 44 44 .0 40 44 44 44 44 s 4W 44 44 w 44 	44 44 44 44 44 — r 4W . 44 
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r = r w .w w► s .w r ar ~wr r.. rr +i. r w s. w► r .i. an +w r w r it +w► rw ~r 

S. No. 	Watt-meter reading 	Time in second C t y 
(W') in K.W. 	to consume 100 c.c, 

at l 
0 r w — .r YIY — rM — — a! iY W i w 0. /Y' - M 	 — - cif. -0 i X11 0. 

1rliMwJ irirtYGWlY AWOOkflJ4ENI  

	

1 	 0,09 	 46? 

	

2 	 0.7 	 496 

	

3 	 0.6 	 646 

	

4 	 0.3 	 628 

. A,ALCOUOL L ND  

	

1 	 0.9 	 427 

	

2 	 0,7 	 460 

	

3 	 ©.6 	 610 

	

4 	0.3 	582 

	

3. 	

rrw 	w~wwrrwiw.R+wrwws 

	

0,9 	 393 

	

2 	 0.? 	 420 

	

3 	0+6 	46* 

	

4 	0.3 	638 

190, Ako it3L BLENI? 

	

1 	 0,9 	 364 

2 	0.7 	396 
3 	 0.6 	 43? 

4 	 0.3 	 600 

i w a - r r r - — w w r w w r — r r — a — r. w w a— —— r w 



0f - - - iw -! - - - ww +F M M- 0^ 	i - M * - - W - Mr iM - - 40 

S.No, Watt-mater Engine out-put b, a. t.c. 
reading W 	Wi in. K.W. 	1b ./BHP thermal 

from circle 	per hr. efficiency 
diagram 

i 	 1M Mr MM 0. ~ r} 	*0 4 '~ 0* ^4P  

. GA8 LZ 

0.9 1.6 0.668 24.2 
0.7 1.348 .0.585 23.5 

0.5 1.136 0.625 22.0 
0.3 0,900 0,686 20.0 

2%A 	 0fl 	S 

0.8 1+6 0.610 24.26 
0.7 1.3466 0..630 23.6 

0.6 1.135 0,670 22.1 
0.2 0.900 0.740 20.0 

4th .ALGQF @L _AIM 

0.9 1.5 0.660 24,25 
0.7 1.246 0.6880 23,55 

0.6 1.135 0.728 22* 10 

0.3 0.900 0,800 20.00 

1 
2 

3 

4 

1 

2 

3 
.4 

1 

2 

3 

4 

Continued 0 a 
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— r r — — +w w r r — r wr — — w s a► +r — .r wr r U s cur U, w Ur r M, 

t~.No. Wattemmeter Engine out-put b. s.f C. 

	

reading W' W" in K.'. 	'lbs./BHP thermal 
from circle 	per hr. efficiency 
diagram 

U, u► w r Ur U, 	wr +r U, ** r w U .w w 	aw nw .r ,U, w .+w. +w .. ..e .w .► .r U, 

1 0.9 1.60 0.715 24.4 
2 0,? 1.34€ 0.740 23.56 
3 0.6 1.135 0.783 22.10 
4 0,3 0,900 0.876 20,00 

1 0.9 1.60 0.786 24.4 

2 0.7 1*346 0.820 23,65 
3 0.6 1.186 0.680 21.8 
4 0.3 0.900 0..960 20.0 

1t0 	A1OM0L BI 	D 

1 0.9 1.60 0.863 24.7 
2 0.7 1.346 0,886 24.0 
3 0.6 1.135 0,950 22.4  
4 4.3 0.900 1.050 20.3. 
U M r► 	U 	M 	Iii 	U, !i 	U, 	air 	Ur 	ww 	, 	T► 	— 	M 	U, wl 	U, 	U, 	Mw 	w. 	rr 	M — 	.A 	U, 	U, 	U, 	U, 
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The value of H.U.C.R. for various alcohol-gasoline 
blends was found and the results plotted in figure All 
This graph indicates that the HJ.C.R.. value increases 
with the percentage oS alcohol in the blend... This 
increase is in direct proportion to the increase in the 
alcohol percentage. The value of B.►U„C.R. was found to 
be 5.45 at 900 r.p.m. for gasoline alone. This value rose 
to ?.8 with absolute alcohol. The value of H.J.C.R. was 
again found for various blends at a speed of 600 r.p.m. 
It was observed that the H.U.C.R. decreased slightly 
and the trend of its Niue increasing with increase in 
alcohol content was maintained. 

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

1. 	Alcohol has a higher self-ignition temper- 
ature, Its self ignition temperature Is 1.44 times t 
that of patrol. The tendency of knocking depends on the 
self-ignition. temperature. According to R icardo f  knocking 
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occurs due to the auto-ignition of the unburnt portion 
of the charge. He stated that when a mixture of inflamable 
vapour and air is compressed and then ignited at one 
points  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 weave 
Is set up which strikes the cylinder walls and causes 
the metallic ringing sound cal .ed knocking. Ricardo 
pointed out that the knocking tendency depends on S.I.T. 
and alcohol having a higher value of 8.I.T, should normally 
be more knock resistent than gasoline* 

2 	However$ there are certain fuels which have 
a high B.i.T,, and yet detonate heavily and conversely 
some fuels have a low 8.1.?. yet they show remarkable 
anti-knock property. Tizard and Pqe conducted a series 
of experiments and in the light of these arrived at the 
conclusion that knocking done not depend on 8.1.?. alone 
but also on the delay period of the tue]svair mixture. 
They found that if the temperature of a Fuel-air mixture 
is raised above, the 3.I.T. by compression, even then 
combustion would not start immediately but would only occur 
after some delay. This delay varies from fuel to fuel and 
becomes shorter as the temperature of combustion is raised. 
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Autos .gfiti "L of the end charge in the engine cylinder 
will naturally depend$  apart from the B.I.T. , on this 
delay periods.. It will only take place If three conditions 
are satisfied t 

1, . The end charge has attained the 8.I.T. ; 

the S.I.T. or higher temperature is maintained 
till the delay period of the end charge is 
over; and 

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

Thus, larger the delay period lesser 411 be the chances 
of auto-ignition occuring as by the time the end eharg s 
delay period is completed, the flame will reach there 
and it will have normal combustion* 

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 leaser with alcohol than with petrol. So that the 
and charge gets less heat in case of alcohol$  as the flames 
progresses. Further, the rate of pressure rise of the 
and charge, as combustion proceeds, Is also lesser with 
alcohol fuel. Hence, it takes still longer time to attain 
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its 6,1.T. which is already much higher than that of 
petrol. Thus,#  to conclude that alcohol is a better anti-
knock fuel because : 

14 	Its solf ignition temperature is higher; 

2, 	lts delay period is more 1 and 

3¢ 	Its rate of proneuro rise during the 
combustion is lessor co that the and charge 
is compressed lessor and to that extent the 
tomporature rise duo to compression is 
lessor. 

The anti'kziock nature of alcohol,-gasoline blends 
can be also explained in the light of Lewis's chain 
reaction theory (17). The theory postulates that the 
advancing wave front projects into the unburnt gas 
hot reacti?n products rich in energy. Each of those start 
a reaction chain n t hich initiates combustion ahead of the 
fl mo front. Under certain conditions of high temperatures 
and prossuroo g  those chains branch and form more energy 
chains in geometric progression. As the wave front 
can project reactant moluculea at velocities considerably 

- higher than its opt,- pro.flesio front combustion can 
proceed at outronoly high volocitioc attaining 109000 
ft. boos.- the dof cation tiavo. 
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According to this theory, the flame front advancing 
from the initiating sparks pro, ects, reactive combustion 
products into the unburned portion of thecharge. While 
the cylinder temperatures and pressures remain low, these 
chains are completed or destroyed by the cylinder walls, 

18), At higher temperatures and pressures, which we 
know are condusive to knocks  the chains may, commence to 
increase geometrically and a condition be induced which 
is knock. 

The latent heat of alcohol is 2J times that of 
petrol and in consequence the liquid though highly 
volatile (B. P* 780  C) does not become fully ovoperated 
before the inlet valve closes. The evoperation process 
is completed during compression and the amount of heat 
absorbed i e 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 reduce the cylinder and exhaust 
wall temperatures, When running with alcohol at full 
load, it is noticeable that exhaust valves remain tar 
coZler than on petrol. They continua to look black under 
conditions when with petrol they would be glowing a good 
cherry red.1)ue to these lower all round temperatures, 
the chain reactions are broken by the cylinder walls. 
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Another reason for the anti-knock behaviour of alcohol 	. 

can be the peculiar mode of combustion of this type of 
fuel (19). With petrol during od ue tion certain unstable 
organic peroxides like alkyle hydrogen peroxide or 

dialkyle hydrogen peroxide are formed. These compound 

molecules are unstable bodies in a high energy state. 

They collide with other oxygen or fuel molecules and 

produce further highly active products thereby aotivia-
ting other molecules. They oollideexplode and release 
more and more energy thus propogating a chain and ulti- 

me~tely bringing about -detonation. It io quite likely 
that alcohol during combustion does not form these parti-
oular peroxides. Alcohol and petrol during combustion 
produce different ohaine,one ending rapidly with a stable 
end product and the other branching and producing more si 
more energy chains 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 tt$ to z 
1. The lower temperature of the combustion. 
2- lower rate of flame travel; 
3. he peculiar mode of combustion of this type of 

fuel such as its inability to form suitable 
peroxide.; and 

4. Its self-ignition temperature being higher and 
its delay period being longer than . that of petrol. 
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f {i ~ 	• 	1 1 i ~ 	~ ~  1!J1(! t 

With a view of finding the most suitable blend 

of alcoholgasoline for a given -engine settings various 
blends were tried keeping the compression ratio, ignition 

timing and carburettor fuel container level fixed. 

This trial was made at a compression ratio of 59, ignition 
set at 260 $,D.C, and fuel level in the carburettor fuel 

container set near a level that gives the rated output 

with gasoline. The power output and specific fuel consum-

ption, obtained with various blends were plotted and graph 

no. 5 on Page 64 was prepared*, From the graph, it is 
seen that the power output rises from 1.666 KW with 

petrol to 1.74 KW with 10 % alcohol-gasoline blend. 
Increasing alcohol content, thereafter, causes a decrease 

in power output. The specific Euel consumption also 

decreases from 0.695 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 : 

1. The heating value of the mixture of air and 

fuel; 

2. The proportion required to give complete 

combustion ; and 

3. The volumetric efficiency of the engine. 



3 

PERC.tNrAGE OF ALCOyOL. 
COMPRESSION R i riO=5 	 ENGINE SPEED-g00 R P M 

r1G:5 PQh;ER OUTPUT. ,1 VD SPECIFIC FUEL CONSUMPTION O37'AZNED 

Mn,' kARtovs AL CO/'©L - GASOLINE BLENDS Ar CONSTANT 

ENG.~NE - SETTINGS 
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If the heating value of the mixture is reduced the power 
output tends to fall. The air-i'uel ratio effects the 
power output in that , if the mixture is enrichened the 
output increases (upto a limit) while if It is made loaner, 
there is a lowering 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 shapes  size of the induction 
pipe and branches, inlet valve and .partly on the density 
of the incoming charge. For a given engine, the greater 
the charge density the higher the volumetric efficiency. 
Charge density depends upon the temperature of the mixture 
when the inlet valve closes* This temperature in turn 

. depends 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 induction 
temperature by their evoperation. Any lowering of temper- 
attire of the mixture in the cylinder, at the moment the 
inlet valve closes, means an increased density Of  the trash 
charge and proportionately more heat generated in the 
cylinder/cycle. At a 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. Ethyl 
alcohol has a high latent heat (396 BTU/lb. as against 
that of petrol which is only 136 BTU/lb.) . 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 volumetric efficiency obtained 
with ethyl alcohol blends is much higher than that 
obtained with petrol. The greater the proportion of 
alcohol in the blends  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. s on page 64 
and the experiment we break up the graph into two portions : 
(1) from 0 % alcohol to 10 ; alcohol blend and (ii) from 
10 % alcohol onwards. From 0 to 10 % alcohol blends, the 
following things are happening 

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

The calorific value of petrol is 18,550 BTU/lb. 
of 8 % blend it i s 18,230 BTU/lb, and 10 % 
blend 17!900 BTU/1b, As - the carburettor fuel 
container setting is fixed q  the heating value 
of the mixture will be varying in direct pro-
portion of the tall in the calorific value of 
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the fuel blends. too this factor will tend 
to lower the power output. 

2. Volumetric efficiency is increasing with 
Increased alcohol content and this has a 
tendency to increase the power output, 

3. The cycle temperatures are lowered with 
increased alcohol content in the blend. This 
may res1lt 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 fall in output due to slight lowering 
of the calorific value of the blend. Hence power output 
increases upto 10 a1cobol blend. 

In this region$  the specific fuel consumption is 
also decreasing because of an improvement In the volumetric 
efficiency and the power output. 

From 10 % blend onwards the following reasoning 
apply I 

1. 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 alcohol oontent for the blend. 
Hence,, with higher and higher percentages of 
alcohol, there will be lesser and lesser heat 
value of the mixture, hence lesser and lesser 
output. 

2, The air -fuel ratio for complete combustion of 
petrol is 16 a 1. For complete combustion of 
alcohol, it is 9 s 1. The amount of air which 
is being drawnin by the engine during auction 
is conetsnt, As the fuel level in the carburettor 
fuel container is contant, the air-fuel . 
ratio Is almost constant# Nov as we progress-
ively add alcohol to the blends 9  the fuei-.air 
mixture tends to become weaker and weaker 
because the more the alcohol in the blend, the 
lesser is the air needed for combustion. With 
progressive weakening of the mixture the power 
output tends to .fall. 

3. The volumetric efficiency depends upon the 
mixture strength* Alcohol has a very high 
volumetric efficiency with very rich mixtures. 
The difference in the volumetric efficiency 
obtained with petrol and alcohol is very wide 
at rich mixtures and the difference is not so 
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much with weak mixtures, As we tncroaso the 
alcohol content in the blond9 the fuel-air 
mixture becomes weak. At weaker mlituroc 
the difference in the volumetric offioianoion 
is lessor, 

4. It has baon found in practice that alcohol is 
not completely avoporotod by tho and of the 
ouction stroko-D  duo to lower tomporaturos and 
the short time available. Honco the volu-
metric efficiency obtainable with alcohol is 
much lowor than thooriticdily expected. It 
is about 82 - 83 S as compared with 78 7 
obtainAblo with petrol. Thus with greater 
alcohol in the blends,, the difference in the 
volumetric officionoioe is further narrowed 
down because of the non-ovoporationg  of the large 
proportion of alcohol prosont, during suction 
Stroko. 

Tho overall offoot of the so factors io to lower the power 
output with blonde having more than 10 % alcohol, The 
f'uo3,. consumption with thoso blonds increases rapidly bocauso 
of the rapid louoring of tho hoot value of thoso blonde. 
Both of those offoctn are clearly rovoalod by the 
graph, 
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From the point of view of finding the maximum power 
obtainable at a given compression ratio,, the engine was 
run on various blends and the maximum power output and 
fuel consumption were recorded and plotted as shown In 
graph no. G on page 71. The compression ratio was kept 
same for the different blends]  only the ignition timing 
and carburettor fuel container setting were adjusted in 
each ease to get maicimum power* The carburettor fuel 
container setting could only be adjusted upto 80 % blend 
of alcohol, hence the conclusions to be drawn from the 
results should be confined upto 50 % alcohol-blends only. 
From this graphs  we observe that as the percentage of 
alcohol. Increases$ the maximum output also increases. 
The ma riaa um output increased from 1.7 X#W, for petrol 
to 1.825 T(.W. for 50 % alcohol blend, The specific fuel 
consumption increased from 0*69 lbs./BBP/hr. to 0.715 lbs./ 
BliP/hr. The thermal efficiency also showed a slight 
improvement. 

The calorific value of the blends decreases with 
increase in the alcohol content. Ravever, from the graph 
we observe that the ms imum output keeps on increasing. 
This is because of the following reasons 3 
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As already discussed In V 29  the power output 
depends upon the heat value of the charge. In addition 
to that, it also depends on the latent heat of the fuel 
(volumetric efficiency in a way depends on It) and the 
final volume of the products of combustion. 

1« The air-fuel requirements vary with the alcohol 
percentage in the blend. For eaamplo, complete 
combustion of one The of petrol requires about 
16 lbs. of air while for complete combustion 
of I lb. 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 fuel, while for 
the same volume of the charge derived from 
ethyl alcohol s  one -ninth represents the heat 
giving fuel, But ethyl alcohol has a calorific 

value some 60 %. that of petrol. Applying this 
factory It will be seen that each charge has 

approximately the same heat content. Ricardo 
has calculated these values more accurately. 
He has shown that then, mixed with the amount 
of air required for complete combustion,, gasoline 
gives between 46.7 to 47 ft. lbs./cU.tnch -While 
ethyl alcohol gives 44.5 ft. lbs. /cu..:inch which 

are very nearly equal. 
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2. The internal total energy available from a fuel 
depends upon the final volume of the products 
of combustion, With increasing ethyl alcohol 
content, this value keeps on increasing. 
Aromatic hydrocarbons have a smaller volume 

increase $ the ratio of initial to final volume 
varying for different substances between 1.013 
for benzene to 1.03 for zylene. Paraffin 
hydrocarbons give ratios varying between 1.04 
to 1.05. A typical petrol has a ratio 1,05. 
For alcohols the value is higher being 1.065. 
Applying these correction factors to heat 
energy per cubic inch, we see that petrol 
contains 48.5 ft.lbs,/cuinch and ethyl alcohol 
47.4 ft. lbs/cu. inch,• 

3. Another important factor on which the maximum 
power output depends is the latent heat of 
evoperation of the fuel, In fact the maximum 
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 
and latent heat just about balance, with the 
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result that the mexiwm power output is the same 
for all. For example the internal energy of benzene 
is 1.5 percent lees than that of Hexane} on the 
other hand, latent heat of benzene is considerably 
greater and a greater weight of mixture is, there- 
tore, retained in the cylinder, with the result 
that, 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 
energy of the air-fuel mixture is a little lower than. 
that of petrol, but the latent heat is so 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 shown by the specific fuel consumption 
curve in the above mentioned graph, the specific fuel 
consumption increases with increase of alcohol in the 
blends for obvious reasons. This is so because the amount 
of fuel consumed is dependent 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 is why, the specific fuel consumption increases. 

The thermal efficiency shows a slight improvement 
with an increase in the alcohol content of the. blends. 

M 
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Thermal efficiency depondo;  apart from comprossion ratios  
on the beat Losses through the cylindorp boat carried 
amy by exhaust and heat losses duo to incomleto combus- 
lion. Beat loesos through the oylindor calls docroaso 
with alcohol blonds, This i9 because alcohol has a high 

latent heat of vaporisation. It is about 2.72 times 
that of petrol„ During the induoation otroko the fuel 
vaporises and in so doing picks up the latent heat of 
vaporisation from the incoming air and surrounding metal. 
This lowers d oorn the tomporaturo of the charges, If Ile 
assume complete vaporisation which raroly occurs tfith 
higher alcohol percentages, the fall in temperature iiould 
amount to 210  C for petrol and 86'° C for ethyl alcohol* 
The fall In temperatures rocordc d in practice are much 
smaller than these. Typical charge tonporaturos in the 
Induction manifold are for petrol 25°  C and for ethyl 
alcohol ,+tom C. The greater tho percentage of alcohol in 
a blend,, tho la ror iiU be the initial tomporature. 
Temporeturo at the and of compression stroke depends upon 
the initial temperature and the compression ratio. For 
the same compression ratio, this tomporature will ho loiter 
For alcohol than for patrols. At a compression ratio of 
S, this tomporature rill be 407° C for petrol and only 
2430  C for alcohol (20) , 

The ozploci n tcaporr turn is also c onoidorably 
lover with alcohol than frith petrole, At a compression ratio 
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6 t 1 Pye has estimated the maximum exp3bsion temperature 
as 2600°  C. for petrol and 2500°  C. for ethy1alcohol. 
Thus$  we observe that the all round cycle temperatures 
and hence the cylinder temperature i.e  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, and hence lower will be 
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 s 

(1)  2 C80 	+ 25 Q2 = 16 CO2 + 18 H2O +21302 K-Ot. 

(2)  C2H50li + 3  Q2  a 2 CO2  + 3 H2O + :327 K-Cal. 

Incomplete c ombueticu is, too t  variable to be 
represented by a simple formulae, but for purpose of 
calculating the heat loss,, it is sufficient to consider 
the formulae (3) 

2C0 + p2 w2CO2 + 68xz K.Cal. ........ (3) 

Thus every 28 gme. of CO present in the exhaust 
represents 68 K.Cal. of heat lost. 
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Considerable thermal losses occur with petrol 
and Its substitution by alcohol blends results in a lower 
carbon-monoxide content in the exhaust gases and 
obviously a lesser thermal loss. Lltchy .investigated the 
problem of thermal lose with petrol and the effect of 
alcohol blends. He worked on the C.P.R. engine with 
normal unleaded petrol and 10 and 20 % blends of this 
alcohol 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 alcohol than the petrol. In the experiment carried 
out by the author, it was found that at a compression ratio 
C , the temperature of exhaust gams was 730'0  i . for patrol 
while that for alcohol was only 6700  Fe Due to this lower 
exhaust temperature, the beat carried away by the exhaust 
gases Is lower in case of alcohol than with petrol. 

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



(78) 

Fuel Compression I.H.P. e at to 
ratio acet water M'th~ st 

Petrol 5.45 32 24 44 

Alcohol 6.48 34 23 43 

Alcohol 7.00 38 22 40 

Comparing these results at the same compression ratio, 

it will be seen that the heat losses both to jacket water 
and exhaust are lower with alcohol than with petrol. At 
higher compression ratio, this effect 1s more marked. 

Thus we observe that with alcohol$ the heat losses 
through. the cylinder walls, the beat carried away by the 
exhaust  gases + nd the heat losses due to incomplete 
combustion,, are lower than those obtained with patrol. 
Berne $ thermal efficiency obtained with alcohol and alcohol-
blends is a little higher than that obtained with petrol. 

V - 4. MAXIMUM POWER AND THERMAL EPPICIENCY OBTAINED 
WITH VARIOUS BI+ENDS AT THEIR B. U.. C. R. I 

Alcohol is an anti -knock fuel and its addition to 
gasoline, as we have discussed in V-i increases H.U,.C.R. 
With a views therefore,, to investigate the improvement 

in power output and gain in thermal efficiency obtainable 
by using blonde 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 thee* 
results # we observed that the power output obtained with 
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petrol at 5.35 (its H.U.C.R) increased from 1.25 to 1.522 
on 100% alcohol when used at its H. U.0.R 7.65, The thermal 
efficiency showed an improvement from 24.5 to 30.6% . In 
the results plotted it may be noted that the power output 
readings for 80 & 100% blends do not oorroepond to the 
maximum value,becauee of the limitations of the carburettor 

fuel conainer which did not permit further enrichening 

of the mixture. Had that been possible the power output 

with 80% & 100% blends might have been greater than that 
recorded. 

these gra4he reveal the utility of alcohol gasoline 

blends when used at their optimum compression ratio. There 
to an improvement in the power output and also in the thermal 

efficiency as the compression ratio increases. Ae alcohol 

blends permit the use of higher compression ratios we can 
obtain greater output & better thermal efficiency by using 
these blends. 

V-5 TBSBMAL EFFICIENCY AND 3PEOIPIQ FUEL C0NSUMPrION CURVES 
The specific fuel consumption obtained with various 

alcohol gasoline blends have been shown plotted in graph 

No. 8 on page 81. Prom these curves we observe that the 

specific fuel oon*umption increases at all loade,with 

the increase 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 0.8631be/BHP/hr with 100% 

alcohol. This is quite obvious because alcohol has a much 
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lower aalorifio value, While the aalorifio value of gaso-
line is 18550 B1U/ib that of alcohol is only 12000 BTU/lb.. 
The heat value of a fuel is a measure of the quantity of 
fuel required; the lower the heat value the greater being 
the quantity needed to do the same work. 

he thermal efficiencies obtained with petrol alone 

and with alcohol alone have been plotted: is the same graph. 
From the graph we find that the thermal efficiency is high-
er with alcohol at all bade. At the rated. load, the thermal 
efficiency obtained with petrol was 24.2% while that with 
alcohol 24.7% . This is because thermal efficiency depends 
apart from the compression ratio,on the heat losses through 
the cylinder, heat carried away by exhaust gases. As 
already discussed earlier both these losses are smaller 
with alcohol. The difference in therma 	iQienoies is 
not so much marked with lower alcohol content blends,but 
becomes significant wi th higher percentages of alcohol. This 
is so because with higher proportions of' alcohol in the 
blend all the fuel does not vaporise during Induction 
stroke because of lens temperature and also shorter time 
available, Hence most of this fuel evoperates during 
compression stroke taking its latent heat of evoperation 
from the cylinder walls. Lhe net effect of this is a 
considerable lowering of the cylinder wall temperature 
and hence lesser heat losses through the cylinder walls. 
This improves the thermal efficiency. With smaller alco-
hol content blonds all of the alcohol present in the blend. 
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gets evoperated during induction stroke improving the 
volumetric efficiency very much ( See 7-2 ) but none 
of it ie available for Internal cooling of the cylinder. 
Hence there i® no appreciable improvement in thermal 
efficiency. 
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CHAPTER-VI 

*  CONOLUSIONa 



CONCLUSIONS 

From the experimental work dote, the following conclusions 
have been drawn:- 

1 • The anti -knock value of the blend improves with 
the increase in the percentage of alcohol added. 
This variation is almost linear. The H.U.©.R.in- 
creases by about 41' ae the alcohol addition in.. 
creases from zero to 100%. This_ shows that alcohol 
ie a very effective knock supreeeor and that unlike 
Tetra.-ethyl lead,i to effectiveness keeps on inoreae-
ing with the increase in its percentage in the blend 
(22). To that extent it is superior to Tel and has 
an additional advantage that it is itself a fuel. 

2. For a given engine settings (Carburettor fuel oontan-
er level,ignition advance & compression ratio) the 

power output increases with the addition of alcohol 
upto 109. Maximum power ie obtained with a 10% 
blend. The specific fuel consumption also decreases 

and is minimum for a 10% blend. However for blends 
containing more than 10% alcohol the power output 
starts decreasing and the specific fuel consumption 

also starts rising. It may be noted that till 30% 
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alcohol blend the specific fuel consumption is lower 

than that obtained with petrol. This suggests that 
a 10% blend is the ideally suited one. Even looking 
from the economic aspect the poet of gasoline is 0.75nP 

per litre while that of alcohol is I Re. per litre 
( Excise free). Hence the cost of I litre of 10% alco- 
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% blend the overall cost will come out to be cheaper 
than that of gasoline. 

3.Por a given compression ratio if the Carburettor 
Setting and ignition advance is allowed to be altered 
than the power output increases with the percentage 

of alcohol added. 

4Jor optimum conditions for each blend (compression 

ratio adjusted to its RUOR,Carburettor setting and 
ignition advance adjusted for maximum power in each 

case) the improvement in power output and thermal 

efficiency is very much marked. There is an improve- 

ment in power output of about &F8 with alcohol at 

its HUOR 7.65,over that obtained with Petrol at its 
IWOR 5. 3. The thermal efficiency also improves by 
about 257 with 100% alcohol when used at its EUCR 
over what is obtainable with gasoline at its Ht10R. 
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5, When working at the same compression ratio there 
is not much of an improvement in the thermal 
efficiency, The thermal efficiency of all blends 
almost oozes to the same figure. At full load an 
improvement of about 	,. 	: was noted as the per- 
centage of alcohol was increased from 0 to 100%. 
The fuel consumption however keeps on increasing 

with increasing alcohol content in the blend.  
Thie is because the calorific value of alcohol 
blends keeps on falling with an increase in the 
alcohol content. 

6. The calorific value of the various alcohol- petrol 
blends was found and the graph shown on page 84 
was plotted. From this graph it is clear that 
the drop in the calorific value is almost linear. 

7. Engine design and fuels are still within their 
experimental period and we cannot tell when final-
i'ty will be reached. Higher thermal efficiency 
is the continuous aim and in I. C. Engin ee it can 
only be attained by increasing compression ratios 
or by super-charging. In either case enhanced 
combustion pressures are produced which must be 

provided for by stiffer constructions of the engines 
and bearings. Coupled with this we have the fact 
that an increase of one compression ratio at the 
upper end of the scale brings a smaller percentage 
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yield of efficienoy,and we reach the conclusion that 
there is an economic limit for compression i tioe 
economically feasible. This limit is 7 to 8. The 
fuel chemist can readily produce fuels that would 
wi the tand such compression without undue knook, bu t 
it anus t be understood that the knock rating scale 
is also a scale 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 capable of with-

standing a compression ratio upto 8. The quantity of 

fuel produced to meet this dennnd is insufficient, 
despite the liberal use of anti-knock 'dopes'. In 
ethyl alcohol we have a fuel which despite its draw-
baoka, oa.n provide the low knock fuel,wi th the power to 
withstand high compression ratio*. Capable of being 
produced in any country that can support growing crops 
of within access to by-products of tropical zones it 
enables countries with no indigneous oil deposits to 
provide a satisfactory motor spirit at the minimum 
cost in imported low knock fuels. 
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