
Copyright © 2015,

JOURNAL OF APPLIED SCIENCES RESEARCH

ISSN: 1819

JOURNAL home page:   http://www.aensiweb.com/JASR         

Published Online 31 December 2015.                                                                                                      
 

Corresponding Author: Srinivasan. S,

641022 
                                           E-mail: srinivasans2007@gmail.com

Use of Pure Carbinol As Fuel At High Compression Ratio In A Single Cylinder 

Petrol Engine 

 

Srinivasan. S and Rajarathinam
 
Department of Aeronautical, Sri Ramakrishna Engineering College, Coimbatore
 
Received: 23 October 2015; Accepted: 23  Decem

 

© 201

 

 
 The carbinol has greater resistance to knock and it emits lower emissions than neat petrol. As single cylinder  engines have 
compression ratio (CR), and they run with slightly rich 
increased at high CR if these engines are run with fuels which have high octane number. In this study, carbinol was used at h
increase performance and decrease emissions of a single
and carbinol at full load and various speeds. Then, the CR was elevated  from 6/1 to 8/1and 10/1, gradually. The knock was no
at the CRs of 8/1 and 10/1 when using carbinol while the knock was observed at the CR of 8/1 when using petrol. The knock was 
determined from the cylinder pressure–time curves. The results  showed that some decreases were obtained in CO, CO2 and NOx 
emissions without any noticeable power loss when using carbinol at the CR of 6/1. By augmenting  the CR to 10/1 with carbinol, the 
engine power and brake thermal efficiency increased by up to 13.8% and 35%, respectively. Moreover, CO, CO2 and NOx emissions
reduced by about 36.7%, 30% and 21%, respectively.
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INTRODUCTION 

 
Today, usually fossil fuels are used for fuel 

production. The reserves of these fossil
are being rapidly depleted. Besides that, when 
these fuels are used in internal combustion engines, 
they produce air pollutants such as CO, HC, NO
and particulate matter. Alternative sources of 
energy are needed in order to replace the non 
renewable resources and also improve air quality. 
There are many investigations on increasing the 
engine performance and reducing  the 
concentration of toxic components in combustion 
products by using non-petroleum, 
sustainable and non-polluting fuels.

The high octane ratings and greater heat of 
evaporation values of alcohols such as ethanol, 
carbinol and butanol make them appropriate
for high CR engines with high powers. High octane 
values can permit significant increases in CR. High 
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ABSTRACT 

The carbinol has greater resistance to knock and it emits lower emissions than neat petrol. As single cylinder  engines have 
compression ratio (CR), and they run with slightly rich mixture, their power are low and emission values are high. The performance can be 
increased at high CR if these engines are run with fuels which have high octane number. In this study, carbinol was used at h

ions of a single-cylinder engine. Initially, the engine whose CR was 6/1 was tested with petrol 
and carbinol at full load and various speeds. Then, the CR was elevated  from 6/1 to 8/1and 10/1, gradually. The knock was no

/1 when using carbinol while the knock was observed at the CR of 8/1 when using petrol. The knock was 
time curves. The results  showed that some decreases were obtained in CO, CO2 and NOx 

le power loss when using carbinol at the CR of 6/1. By augmenting  the CR to 10/1 with carbinol, the 
engine power and brake thermal efficiency increased by up to 13.8% and 35%, respectively. Moreover, CO, CO2 and NOx emissions

30% and 21%, respectively. 

Today, usually fossil fuels are used for fuel 
production. The reserves of these fossil-based fuels 
are being rapidly depleted. Besides that, when 
these fuels are used in internal combustion engines, 

such as CO, HC, NOx 
and particulate matter. Alternative sources of 
energy are needed in order to replace the non 
renewable resources and also improve air quality. 
There are many investigations on increasing the 
engine performance and reducing  the 

components in combustion 
petroleum, renewable, 

polluting fuels. 
The high octane ratings and greater heat of 

of alcohols such as ethanol, 
carbinol and butanol make them appropriate fuels 
for high CR engines with high powers. High octane 
values can permit significant increases in CR. High 

heats of evaporation cool down the incoming fuel
air charge and make it denser to promote the power 
output. The fuels which have high the auto
temperature are ignited at higher temperatures. The 
auto-ignition temperatures of alcohols are higher 
than those of petrol, which make it safer for 
transportation and storage. The heat of evaporation 
of alcohol is 3-5 times higher than 
which makes the temperature of the intake 
manifold lower, and increases the volumetric 
efficiency. The laminar flame speed of carbinol is 
significantly higher than those of most of the 
hydrocarbon fuels. High laminar 
increases thermal efficiency
combustion earlier which decreases heat losses 
from the cylinder. Carbinol exhaust 
concentrations of particulate matters and nitrogen 
oxides than petrol exhaust. The molecule of 
carbinol has an oxygen atom that makes the p
carbinol blends more oxygenated. This leads to 
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The carbinol has greater resistance to knock and it emits lower emissions than neat petrol. As single cylinder  engines have low 
mixture, their power are low and emission values are high. The performance can be 

increased at high CR if these engines are run with fuels which have high octane number. In this study, carbinol was used at high CR to 
cylinder engine. Initially, the engine whose CR was 6/1 was tested with petrol 

and carbinol at full load and various speeds. Then, the CR was elevated  from 6/1 to 8/1and 10/1, gradually. The knock was not observed 
/1 when using carbinol while the knock was observed at the CR of 8/1 when using petrol. The knock was 

time curves. The results  showed that some decreases were obtained in CO, CO2 and NOx 
le power loss when using carbinol at the CR of 6/1. By augmenting  the CR to 10/1 with carbinol, the 

engine power and brake thermal efficiency increased by up to 13.8% and 35%, respectively. Moreover, CO, CO2 and NOx emissions were 

of evaporation cool down the incoming fuel-
it denser to promote the power 

output. The fuels which have high the auto-ignition 
temperature are ignited at higher temperatures. The 

ignition temperatures of alcohols are higher 
those of petrol, which make it safer for 

storage. The heat of evaporation 
5 times higher than that of petrol, 

which makes the temperature of the intake 
manifold lower, and increases the volumetric 

flame speed of carbinol is 
significantly higher than those of most of the 
hydrocarbon fuels. High laminar flame speed 
increases thermal efficiency by completing the 

which decreases heat losses 
from the cylinder. Carbinol exhaust contains lower 
concentrations of particulate matters and nitrogen 
oxides than petrol exhaust. The molecule of 

oxygen atom that makes the petrol-
carbinol blends more oxygenated. This leads to 
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better combustion of the fuel and decreases carbon 
monoxide and hydrocarbon emissions. Carbinol is 
an alternative fuel and can be produced from 
natural gas, biomass, coal and also municipal solid 
wastes and sewage.  

As the fraction of carbinol in the blend 
increased, the specific fuel consumption increased, 
and CO, HC emissions decreased. Moreover, HC 
emission increased when pure carbinol was used. 
The engine power and CO and NOx emissions 
decreased, fuel consumption increased when 
carbinol was used instead of petrol. CO and NOx 
emissions decreased with the increase of the 
carbinol/petrol ratio in the blend. The use of M85 
led to a reduction in CO and NOx emissions by 
about 25% and 80%, respectively. 

Bardaie and Janius investigated the con- 
version of an SI petrol engine to alcohol engine. 
They made some modifications on the carburettor. 
According to the experimental results, it was 
determined that power loss was only 4-5% when 
running with pure carbinol compared to petrol.  

Studies were also carried out regarding the use 
of carbinol as a fuel in the small petrol engines (25 
HP or less). Arapatsakos et al. investigated the 
behaviour of a small four-stroke engine using 
carbinol-petrol mixtures (M10, M20 and M30) as 
fuels. According to this study, as carbinol 
percentage in the blend increased, fuel 
consumption increased and CO and HC emissions 
decreased. CO emissions decreased as carbinol and 
ethanol content in fuel increased. Moreover, HC 
emissions decreased as carbinol and ethanol 
content in the fuel increased, but HC emissions 
significantly increased when M100 and E100 fuel 
were used. Small spark ignition petrol-fuelled 
engines can be found all over the world performing 
in a variety of roles including power generation, 
agricultural applications and motive power for 
small boats. 

To attain low cost, these engines are typically 
air-cooled, use simple carburettors to regulate the 
fuel supply and employ magneto ignition systems. 
As these engines run at low CR and on slightly rich 
mixture, they have very low efficiency and high 
emission values. Moreover, these engines cause 
significant air pollution as they do not have 
catalytic converter. From the above literature 
review, it is understood that the slight increase or 
decrease in power is obtained when the engines run 
with carbinol and carbinol-petrol blends at the 
original CR. In addition, decreases in CO, HC and 
NOx emissions are obtained. However, fuel 
consumption increases. If carbinol is used at high 
CR, power can be increased and fuel consumption 
can be decreased. The CR of air cooled small 
engines is low (e.g. 6/1, 7/1) in the present day. 
The wall temperatures of air cooled small engines 
are higher than those of the water cooled engines 
and the knock tendency is also higher. Thus, the CR 

is kept lower in these engines to prevent knock. 
Significant improvements can be obtained in 
power and efficiency if the small engines can be 
run at higher CRs by fuels which have the high 
knock resistant. Gains of about 25-30% in power 
can be obtained when the CR of an engine is raised 
from 5/1, 6/1 to 9/1, 10/1. Carbinol has high octane 
number which allows high CR and produces lower 
emission. 

The first aim of this study is to improve 
performance and to reduce emission by using pure 
carbinol at high CR in a small engine with low 
efficiency. The second aim is to examine the effects 
of both increasing CR and pure carbinol on the 
engine behaviour.  

 
II.Experimental Study: 

A variable compression ratio engine 
(VCORE), was used for the tests. The original CR 
of this engine is 6/1. In order to increase the CR, 
the engine cylinder head was changed and a 
modified cylinder head was used instead. Thus, the 
CR could be raised from 6/1 up to 10/1. The 
schematic drawing of the VCORE is shown in Fig. 
1. The specifications of the test engine are seen in 
Table 1. As the heating value of carbinol is lower 
than that of petrol, the amount of the carbinol used 
should be about twice that of petrol to achieve the 
same energy output. To this effect, the carburettor 
main jet was enlarged and the main jet cross-
section was varied using a conical screw. The 
excess air ratio was adjusted to about 1.0 for all the 
tests.  

The experimental setup, shown in Fig. 2, 
consists of a test engine, dynamometer, fuel and air 
flow meters, exhaust gas analysis system and 
various measuring equipments. The emissions were 
measured with a MRU DELTA 1600L exhaust gas 
analyzer. The specifications of the exhaust gas 
analyzer are given in the Table 2.The carbinol used 
had a purity of 99.5%. The properties of carbinol 
and petrol fuels are shown in Table 3.  

In order to measure the cylinder pressure of the 
test engine, a system was developed. The system 
consisted of a piezoelectric pressure transducer, 
inductive pick-up, charge amplifier, oscilloscope 
and personal computer (PC). In this study, the 
cylinder pressure data was collected using a Kistler 
model 601A piezoelectric transducer mounted to 
the spark plug, Kistler model 5011 charge 
amplifier, a Hitachi digital oscilloscope (VC-5430) 
and a PC were used to record the pressure data. 
The data regarding the crank angles and position of 
the top dead centre was transmitted to oscilloscope 
using an inductive pick-up. 

All the tests were performed at full load, in 
the ranges of 1500-3500 rpm at intervals of 500 
rpm and excess air ratio of 1.0. All the data for 
engine torque, engine power, specific fuel 
consumption, exhaust gas temperature, HC, CO, 
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CO2 and NOx emissions was collected. The 
cylinder pressures were recorded for each CRs and 
fuels. The tests were performed at two stages. At 
the first stage, the engine was tested at original CR 
(6/1), full throttle opening, various speeds and air 
excess ratio of 1.0 with petrol and carbinol. At the 
second stage, the CR was raised from 6/1 to 8/1 and 

10/1 and the engine was tested with petrol and 
carbinol for comparison.  

The experimental data could be not recorded 
when running with petrol due to knock at a CR of 
8/1, full throttle opening and low speeds (1500 and 
2000 rpm). However, the engine could be run with 
carbinol without knock at CRs of 8/1 and 10/1, at 
full throttle opening and at all speeds. The obtained 
results are given. 

 

 
Fig. 1: The schematic drawing of the variable compression ratio engine (VCORE) 

 
Table 1: Specifications  of the test engine  

Items Engine 
Mark 
Engine type 
Engine displacement volume(cm3) 
Engine cylinder bore(mm) 
Piston stroke (mm) 
Compression ratio 
Maximum speed (rpm) 
Fuel system  
Cooling system  

Lombardini LM 250 
Four stroke, single cylinder 
250 
72 
62 
6/1-10/1 
3600 
Carburettor 
Air and water cooled 

 
Results And Discussions 
 
3.1. Engine  performance: 

The knock occurred when using petrol at a CR 
of 8/1 and low speeds (1500 and 2000 rpm). The 
pressure-time curves indicated the knock (Fig. 3). 
The knock also showed itself with specific knock 
voice and engine malfunctions. As the maximum 
air-fuel mixture went into the engine at full throttle 
opening-low speeds, the knock tendency became 
higher. Fig. 3 shows the superimposed pressure- 
time curves of the two fuels at the same CR (8/1). 
The maximum pressure value is about 24 bar at CR 
of 8/1 with carbinol. The tests could not be 
performed at CRs of 8/1 and 10/1 with petrol fuel 
owing to knock. However, the knock does not occur 

at CR of 8/1 and 10/1 with carbinol due to high 
octane number of carbinol 

Fig. 4 shows the effect of petrol and carbinol 
fuels on torque at various CRs. When the torque 
curves are examined, it is seen that the maximum 
torque is obtained at 2500 rpm for the both fuels. 
The torque obtained with carbinol is about 8% 
lower than that with petrol at the same CR (6/1). 

The engine could be run with carbinol fuel 
without knock at the CR of 10/1 and a 14% increase 
in torque is obtained when compared to the running 
with petrol at CR of 6/1. As CR increases, engine 
torque also increases. The maximum torque value 
rises up to 10.52 Nm at CR of 10/1 with carbinol. 
When carbinol is used, a 19% increase in torque is 
observed with increasing CR from 6/1 to 10/1. 
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Fig. 2: Test set-up. 
 

Table 2: Specification of the exhaust gas analyser 
 Measurement range  Accuracy 
CO(% vol.) 
CO2(% vol.) 
HC (ppm) 
NOx (ppm) 
O2(% vol.) 

0-15 
0-20 
0-20000 
0-4000 ppm 
0-25 

0.01 
0.01 
1 
1 
0.1 

  
Table 3: The properties of Petrol and Carbinol 

Fuel property Petrol Carbinol 
Formula 
Molar C/H ratio 
Molecular weight (Kg/kmol) 
Latent heating value(MJ/Kg) 
Stoichiometric air/fuel ratio 
Auto-ignition temperature(oC) 
Heat of vapourization (KJ/Kg) 
Research octane number 
Motor octane number 
Boiling point (oC) 
Density (Kg/m3) 

C8H18 

0.445 
95-120 
44.3 
14.6 
228-470 
305 
95 
85 
27-225 
740 

CH3OH 
0.25 
32 
20.1 
6.46 
465 
1103 
108.7 
88.6 
64.7 
792 

 
Fig. 5 shows the superimposed pressure-time 

curves of the both fuels at various CRs. The 
maximum cylinder pressure is obtained with 
carbinol at CR of 10/1 and no indication of knock is 
seen. The value of this pressure is about 27 bar. At 
the same CR (6/1), the values of pressures 

obtained with petrol and carbinol are about 21 bar 
and 20 bar, respectively. The value of pressure 
obtained with carbinol is about 24 bar at CR of 8/1. 
When Figs. 4 and 5 are examined together, it is 
seen that there is a consistency between torque and 
cylinder pressure. 

 
Fig. 3: Pressure-time curves of petrol and Carbinol fuel (full throttle opening 2000rpm, CR =8/1) 
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The effect of both fuels and CRs on engine 
power is given in Fig. 6. The value of power 
obtained with petrol is 3.07 kW at CR of 6/1. The 
values of power obtained with carbinol are about 
2.97, 3.46 and 3.6 kW at CRs of 6/1, 8/1 and 10/1, 
respectively. 

The engine power is lower by about 8-9% than 
petrol when carbinol is used at the same CR (6/1). 
This finding is similar to torque variation. By 
increasing CR from 6/1 to 10/1, about 13-14% 
increase in power is obtained when using carbinol. 
The effects of petrol and carbinol on Specific Fuel 
Consumption (SFC) at various CRs are given in 
Fig. 7. At all the CRs, SFC values of carbinol are 
higher than those of petrol. At the same CR (6/1) 
with carbinol, SFC is about 90% higher than that 
with petrol. Owing to the fact that the heating 
value of carbinol is lower (about 2.0 times) than 
that of petrol (Table 3), the SFC increases. For 
either fuel, the lowest SFC value is obtained at 
2500 rpm. The value of minimum SFC with petrol 
is 422 g/kWh at the CR of 6/1. 

The values of minimum SFC with carbinol are 
about 811.3, 655.2 and 591.2 g/kWh at CRs of 6/1, 
8/1 and 10/1, respectively. With increasing CR 
from 6/1 to 10/1, the increase in SFC was 

compensated to some extent. This compensation 
was about 27% decrease in SFC. As CR increases, 
engine power increases and this, in turn, decreases 
SFC. 

Fig. 8 shows the effect of petrol and carbinol 
fuels on brake thermal efficiency at various CRs. 
The value of maximum brake thermal efficiency 
obtained with petrol is 19.2% at CR of 6/1. The 
thermal efficiency obtained with carbinol are 
27.3% and 30.3% at CRs of 6/1, 8/1 and 10/1, 
respectively. At the same CR (6/1) with carbinol, 
brake thermal values of brake efficiency is about 
16% higher than that with petrol. There are about 
22.1%, some reasons of increasing brake thermal 
efficiency with the using carbinol. 

The first, the laminar flame speed of carbinol is 
significantly higher than those of most of the 
hydrocarbon fuels. High laminar flame speed 
increases brake thermal efficiency by completing 
the combustion earlier which decreases heat losses 
from the cylinder. Second, since carbinol has more 
oxygen rate than petrol, the combustion becomes 
better and so the brake thermal efficiency 
increases. Third, the heat of vaporization of 
carbinol is higher (about 3.0 times) than that of 
petrol (Table 3). 

 

 
 
Fig. 4: The effect of Petrol and Carbinol fuels on torque at various CR 

 
 

Fig. 5: Pressure-time curves of petrol and Carbinol fuel at various CRs (full throttle opening 2000rpm) 
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Fig. 6: The effect of Petrol and Carbinol fuels on power at various CR 

 

 
 
Fig. 7: The effect of Petrol and Carbinol fuels on SFC  at various CR 

 

 
Fig. 8: The effect of Petrol and Carbinol fuels on brake thermal efficiency  at various CR 

 
Therefore, the carbinol absorbs more heat from 

the cylinder during the vaporization in the 
compression stroke, and this decreases the 
necessity work for compressing the air-fuel mixture 
and finally the thermal efficiency increases. By 
increasing CR from 6/1 to 10/1, about a 36% 
increase in brake thermal efficiency was obtained 
when using carbinol. For Otto-cycle engine, the 
efficiency if the compression ratio can be further 
raised, the thermal efficiency can also be improved. 

 

Exhaust Emissions: 
Fig. 9 shows the effect of petrol and carbinol 

fuels on CO emission at various CRs. For all CRs 
and fuels, increasing the engine speed decreases 
CO. The increased speed rises turbulence in com- 
bustion chamber and thus a more homogeneous 
mixture is formed. This mixture can decrease CO 
emissions. At all CRs with carbinol, CO is lower 
than that with petrol. The value of minimum CO 
ob- tained with petrol is 2.09% at CR of 6/1. The 
values of minimum CO obtained with carbinol are 
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about 1.33%; 1.25% and 1.23% at CRs of 6/1, 8/1 
and 10/1, respectively. At the same CR (6/1) with 
carbinol, CO is about 28% lower than that with 
petrol. CO emissions essentially depend on air-fuel 
ratio. With carbinol, CO emission is reduced due 
to oxygen enrichment resulting from carbinol. CO 
emission obtained with carbinol at the CR of 10/1 is 
about 37% lower than that with petrol at the CR of 
6/1. By increasing CR from 6/1 to 10/1, CO 
emission decreases by 16%. As the compression 
ratio increases, cylinder temperature increases. 
This high temperature increases the oxidation of 
CO The effect of petrol and carbinol on CO2 at 
various CRs is given in Fig. 10. Carbon dioxide is 
non-toxic but contributes to the greenhouse effect. 
At all the CRs with carbinol, CO2 is lower than that 
with petrol. 

At the same CR (6/1) with carbinol, CO2 is 
about 37% lower than that with petrol. As alcohols 
have both lower C/H ratio and lower C content than 
petrol (Table 3), CO2 is low in the engines using 
alcohol. CO2 emission obtained with carbinol at 
the CR of 10/1 is about 30% lower than that with 
petrol at the CR of 6/1. CO and CO2 have 
complementary correlation, that is, as CO 
increases, CO2 decreases. When Fig. 9 and Fig. 10 
are examined together, it is seen that CO2 
increases as CO decreases with increasing engine 

speed. By increasing CR from 6/1 to 10/1, a 13% 
increase in CO2 was obtained when carbinol was 
used. The combustion efficiency increases as 
compression ratio rises, and thus the brake thermal 
efficiency and CO2 increases while CO decreases. 
This situation is seen when Fig. 8, Fig 9 and Fig. 
10 are examined together. 

As the combustion chamber surface/volume 
ratio increases, the flame cools in the places near to 
surface and misfire occurs. Therefore, the 
increasing compression ratio increases HC 
emission. The effect of petrol and carbinol on NOx 
at various CRs is given in Fig. 12. At all the CRs 
with carbinol, NOx is lower than that with petrol. 
At the same CR (6/1) with carbinol, NOx is about 
35% lower than that with petrol. NOx emission 
obtained with carbinol at the CR of 10/1 is about 
22% lower than that with petrol at the CR of 6/1. 
Since carbinol has higher heat of vaporization than 
petrol, the mixture's temperature at the end of 
intake stroke decreases and finally causes 
combustion temperature to decrease. As a result, 
engine-out NOx emissions decrease. For carbinol, 
NOx increases by about 16% with increasing the 
CR from 6/1 to 10/1. As CR increases, the 
combustion temperature also increases and thus 
NOx increases. 

 

 
 

Fig. 9: The effect of Petrol and Carbinol fuels on CO at various CR 
 

 
 

Fig. 10: The effect of Petrol and Carbinol fuels on CO2 at various CR    
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Fig. 11: The effect of Petrol and Carbinol fuels on  HC  at various CR 

 

 
 
Fig. 12: The effect of Petrol and Carbinol fuels on NOx  at various CR 
 
Conclusions: 

In this study, the effect of pure carbinol at high 
CR on performance and emission was 
experimentally investigated in a single- cylinder 
engine with low efficiency. For this purpose, the 
engine's CR was raised from 6/1 to 10/1 and it was 
tested at different compression ratios with carbinol 
and petrol. The results showed that there are 
positive and negative effects of both increasing CR 
and pure carbinol on engine behaviour. By using 
carbinol at the same CR, the power slightly 
decreased, and CO, CO2 and NOx emissions also 
decreased. The brake thermal efficiency increased. 
On the other hand, HC emissions increased. When 
CR was increased with the same fuel (carbinol), the 
power and the brake thermal efficiency increased, 
and SFC decreased. Moreover, CO decreased and 
CO2, NOx and HC increased. The negative effects 
of both increasing CR and pure carbinol on the 
engine behaviour were decreased by using carbinol 
at a high CR (10/1). But, both increasing CR and 
carbinol increased only HC emissions. In 
comparison with running petrol at the same CR 
(6/1), without any noticeable power loss, the 
decreases in CO, CO2 and NOx emissions were 
obtained by 28%, 37% and 35%, respectively. The 
brake thermal efficiency increased also about 16%. 
By increasing CR from 6/1 to 10/1 with carbinol, 
the engine power and brake thermal efficiency 
increased by up to 14% and 36%, respectively. CO, 
CO2 and NOx emissions were reduced by about 
37%, 30% and 22%, respectively. While HC 

emission increased by about 31% with carbinol at 
the same CR (6/1), it increased by about 50% when 
CR was raised from 6/1 to 10/1. 

Owing to the fact that the heating value of 
carbinol is lower (about 2.0 times) than that of 
petrol, the SFC increased with carbinol at all CRs. 
Due to increases in CR, the negative effect of 
carbinol on the SFC was recovered and some 
decreases in SFC were obtained. At the same CR 
(6/1), the SFC obtained with meth- anol was about 
90% higher than that with petrol. However, it was 
only 40% higher when the CR was increased to 
10/1.  

The experimental results showed that 
significant reductions in CO, CO2 and NOx 
emissions were obtained when carbinol was used 
instead of petrol in SI engines. In addition, 
substantial in creases in engine power and brake 
thermal efficiency also could be acquired if 
engines with low CR could be run at higher CRs. 
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