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ABSTRACT

The work described in this thesis has been devoted to an ex-
perimental investigation of the effect of inlet air temperature on
the performance of a four-stroke spark ignition engine when it is
rurning on purc gasolinc and its blends with cthanol at both full
and part throttle. This was done by heating the inlet air to dif-
ferent temperatures and using gasoline and gasolinc-cthanol

blends with different percentages as fuel.

The test engine type is (FIAT 1500) with maximum power S$5
k.W. at 5330 r.p.m., maximum torquc 115 N.m, at 3330 r.p.m. and

displacement volume 1481 c.c.

The experimental work consists of full throttle and part throt-
tle tests. All tests were carried out without changing the static ig-
nition advance. The sctting of carburctor main jet needle has
been tuned for maximum power with gasoline.

a. Full throttle Tests
The cngine was tested for inlet air temperatures of 30, 35, 40,

45, 50 and 55°C For each inlet air temperature the engine was

tested at full throttle using first gasoline thcn four different

ethanol-gasoline blends of 4.89%, 9.79%, 15.3% and 21% by



weight. These tests were carried out to evaluate the brake power,
brake torque, specific fuel consumption, volumetric efficiency;
brakc thermal cfficicacy, fuel-air: equivalence ratio, exhaust gas
temperature and the charge temperature at different inlet air
temperatures. From the above findings the speed performance

curves are obtained for different inlet air temperatures and fuel

blends.

b. Part Throttle Tests

The engine was tested for inlet air temperatures of 30, 40 and
50°C For each inlet air temperature the engine was tested at part
throttle using first gasoline then cthanol-gasoline blend of 10%.
These tests were carried out to evaluate the mean cffective pres-
sure and the specific fuel consumption. From the above findings
the load performance curves arc obtained for different inlet air

temperatures with gasoline and 10% fuel biend.

From the speed and load performance curves which were ob-
tained from full and part throttle tests final curves are obtained

to describe the cffect of inlet air temperature and cthanol ratio in

the fuel blend on engine performance.

The principal findings could be summarized as follows:
a. When the engine runs at part throttle (low and medium loads)

on pure gasoline or on ethanol-gasoline blend of 10% increa;ing



inlet air temperature improves the brake thermal efficiency be-
cause increasing inlet air temperaturc in this case decreascs com-
pression work., The reduction in compression work is due to the
reduction in the mass of working charge as a direct result of
decreasing the amount of residual gases. This improvement in the
thermal cfficicﬁcy decreases with the increase of engine speed
and engine load.

b. When the engine runs at part throttlie (high load) and full
throttle on pure gasoline or on any of its used blends with
ethanol, its performance deteriorates with increasing inlet air
temperature. The deterioration of the engine performance ap-
pears as a reduction in the brake thermal cfficiency which is a
dircct result of the increase of the compression work. The in-
¢rease in compression work is due to the increase of the mass of

fuel; vapour

¢. When the eagine ruas at part throttle (low and high loads) and
full throttle and for a given inlct air temperature the brake ther-
mal efficiency improves with the increase of the ethanol ratio in
the fuel blend. But when the engine runs at part throttle (medium
load) no improvement in the thermal efficiency is observed. The
improvement in the thermal efficiency is a direct resuit of com-

pression work reduction. The reduction in compression work is



due to the decrcasing of the working charge temperature. The
reduction in the working charge temperature is due to the cooling
¢ffect of the fuel blend which increases with the increase of
¢thanol ratio in the fuel blend. This reduction in compression
work is not observed at medium part throttle because the fuel-air

ratio is not high in this case.

iv
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ABSTRACT

The work described in this thesis has been devoted to an ex-
perimental investigation of the effect of inlet air temperature on
the performance of a four-stroke spark ignition engine when it is
rurning on purc gasolinc and its blends with cthanol at both full
and part throttle. This was done by heating the inlet air to dif-
ferent temperatures and using gasoline and gasolinc-cthanol

blends with different percentages as fuel.

The test engine type is (FIAT 1500) with maximum power S$5
k.W. at 5330 r.p.m., maximum torquc 115 N.m, at 3330 r.p.m. and

displacement volume 1481 c.c.

The experimental work consists of full throttle and part throt-
tle tests. All tests were carried out without changing the static ig-
nition advance. The sctting of carburctor main jet needle has
been tuned for maximum power with gasoline.

a. Full throttle Tests
The cngine was tested for inlet air temperatures of 30, 35, 40,

45, 50 and 55°C For each inlet air temperature the engine was

tested at full throttle using first gasoline thcn four different

ethanol-gasoline blends of 4.89%, 9.79%, 15.3% and 21% by



weight. These tests were carried out to evaluate the brake power,
brake torque, specific fuel consumption, volumetric efficiency;
brakc thermal cfficicacy, fuel-air: equivalence ratio, exhaust gas
temperature and the charge temperature at different inlet air
temperatures. From the above findings the speed performance

curves are obtained for different inlet air temperatures and fuel

blends.

b. Part Throttle Tests

The engine was tested for inlet air temperatures of 30, 40 and
50°C For each inlet air temperature the engine was tested at part
throttle using first gasoline then cthanol-gasoline blend of 10%.
These tests were carried out to evaluate the mean cffective pres-
sure and the specific fuel consumption. From the above findings
the load performance curves arc obtained for different inlet air

temperatures with gasoline and 10% fuel biend.

From the speed and load performance curves which were ob-
tained from full and part throttle tests final curves are obtained

to describe the cffect of inlet air temperature and cthanol ratio in

the fuel blend on engine performance.

The principal findings could be summarized as follows:
a. When the engine runs at part throttle (low and medium loads)

on pure gasoline or on ethanol-gasoline blend of 10% increa;ing



inlet air temperature improves the brake thermal efficiency be-
cause increasing inlet air temperaturc in this case decreascs com-
pression work., The reduction in compression work is due to the
reduction in the mass of working charge as a direct result of
decreasing the amount of residual gases. This improvement in the
thermal cfficicﬁcy decreases with the increase of engine speed
and engine load.

b. When the engine runs at part throttlie (high load) and full
throttle on pure gasoline or on any of its used blends with
ethanol, its performance deteriorates with increasing inlet air
temperature. The deterioration of the engine performance ap-
pears as a reduction in the brake thermal cfficiency which is a
dircct result of the increase of the compression work. The in-
¢rease in compression work is due to the increase of the mass of

fuel; vapour

¢. When the eagine ruas at part throttle (low and high loads) and
full throttle and for a given inlct air temperature the brake ther-
mal efficiency improves with the increase of the ethanol ratio in
the fuel blend. But when the engine runs at part throttle (medium
load) no improvement in the thermal efficiency is observed. The
improvement in the thermal efficiency is a direct resuit of com-

pression work reduction. The reduction in compression work is



due to the decrcasing of the working charge temperature. The
reduction in the working charge temperature is due to the cooling
¢ffect of the fuel blend which increases with the increase of
¢thanol ratio in the fuel blend. This reduction in compression
work is not observed at medium part throttle because the fuel-air

ratio is not high in this case.

iv
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AT Drop in the charge temperature in the intake
manifold

AT Rise in the charge temperature in the cylinder

Nbth Brake thermal efficiency.

Nv Volumetric cfficiency

A Ethanol ratio in the fuel blend by weight

Pt Fuel density

Pi Inlet air density

o Equivalence fuel-air ratio



CHAPTER1

INTRODUCTION

Methyl and ethyl alcoholsare currently of considerabie inter-
est for use in automobiles as alternatives to petroleum based
fuels. The main reason for advocating alcohol as a fuel is that it
can be manufactured from farm products or waste materials while
gasoline is a natural resource which is being rapidly depleted,
Ethyl alcohol manufacture from renewable biomass is technically
well developed. Also methyl alcohol can be produced from
natural gas and coal. Alcohols are therefore the most attractive
alternative vehicle fuels ¢cconomically and politically for the near

future,

The technology required for utilization of methyl and ethyl al-
cohol is very similar to that of gasoline. Consequently storage
facilities and handling procedures as well as service stations and
vehicle parts nced suffer little change. Both types of alcohol have
the advantage of good antiknock characteristics, but for economic
reasons they are not used as a fuel in the present time. To make
usc of the advantage of good antikmock characteristics and to
decrease the effect of economic reasons, a blend of both types of

alcohol or one of them with gasoline can be used,



In Egypt ethyl alcohol is produced as apyproduct of sugar in-
dustry i¢ it wiil be casy to usc cthanol-gasoline blend. Using
cthanol-gasoline blend as a fuel solves partially the problem of
air poliution with lead compounds because it could be possible to
reduce the amount of TEL used to improve the fuel knock charac-

teristics,

The aim of this work is to study the cffect of inlet air
temperature on the performance of four-stroke spark ignition en-

gines using cthanol-gasoline blends with different percentages as

a fuel,

It is known {1] and [2] that increasing inlet air temperature
has a harmful ¢ffect on the performance of four-stroke spark igni-
tion engines when running on pure gasoline. This harmful effect
appears as reduction in enginc air capacity and engine power. It
appears also as an increase of fuel-air ratio which increases the
amount of incomplete combustion products and a decrease in en-

gine thermal efficiency.

To my knowledge there is no available information about the
effect of inlet air temperature on the performance of spark-igni-
tion cngine when it is running on cthanoi-gasolinc blends. As the

latent heat of vaporization of ethanol is much greater than that of



gasoline some changes in the effect of inlet air temperature on

enginc performance are expected.



CHAPTER 2

REVIEW OF PREVIOUS WORK

The material of this chapter includes a review of the previous
work carried out on the following :

1- The effect of alcohol (methanrol or ethanol) addition to
gasoline.

2- The effect of using alcohol gasoline blend on the spark ignition
engine performance.

3- The cffect of inlet air temperature and the charge temperature
on the spark ignition engine performance.

1- The Bffect of Alcohol (Methanol or Ethanol) Addition to

Gasoline:

Campbeil [3] and Menrad [4] studied the propertics of methanol
and cthanol and the effect of their addition to gasoline on the
quality of the blend and found the following:

* The energy available from combustion of alcohol-gasoline blend
is less than from gasoline.

* The higher specific gravities of these alcohols cause an increase

in the specific gravity of the blend when they are added to

gasoline.



* The addition of alcohol to gasoline increases the Reid vapour
pressurc and distillation characteristics of the blend ic increases
the volatility of the blend. Increasing the blend volatility may in-
crease vapour lock problems.

* When the alcohol-gasoline blends are metered through car-
burettors calibrated for gasoline surplus air is supplied ic air-fuel
ratios increase and the mixtures become weaker.

* The higher heat of vaporization of alcohol could cause starting
problems for engines working on its blend with gasoline.
Thompson [5] found that the reported high octane number for al-
cohol is due to two different properties :

i- An inherent high antiknock value.

ii- The cooling effect on the air-fucl mixture because of the high

heat of vaporization.

The second property probably accounts for the large varia-
tions in measured octane number, The change in octane number
due to adding alcohol to gasoline can vary greatly due to differen-
ces in the percentage added, the quality and type of gasoline

bascstock and the lead level of the gasoline.

2- The Effect of Using Alcohol Gasoline Blends on the Spark Ig-

nition Engine Performance




Hilliard [6] presented theoretical considerations and refevant
calculations which show that alcohol fucls can improve volumetric
efficiencics of spark ignition engines provided the evaporation is

adiabatic.

Karpov [7] and Bernhardt [8] found that the excellent octane
rating of methanol provides the possibility to increase compres-
sion ratio of spark ignition engines up to 14 and this improves the

fuel consumption and the thermal efficiency.

Bernhardt {8] observed that when using pure methanol as a
fuel in spark ignition engines and due to its high heat of vaporiza-
tion the intake air and thus the methanol-air mixture is cooled.
This leads to a rise in cffective engine power. The methanol en-
gine had about 10% higher output than the gasoline engine (with
maximum power spark timing). Methanol also produces a consid-
crably higher brake thermal efficiency for the same compression
ratio. This is due principally to the greater volumetric efficiency

which resuilts from the high density of methanol-air mixture.

Heinrich {9] carried out a group of experiments on (methanol
gas spark ignition engine). This engine is equipped with a
methanol vaporizer and a gas mixer. The compression ratio of this

engine is 11.5. In the upper load range of this engine load control



works in the same way as in the diesel engine, in that the amount
of fuel is varied whilst the quantity of air remains constant
(quality control). In the case of the medium and lower load ran-
ges, load control works in the same way as in spark ignition en-
gines by throttling the lean air-methanol vapour mixture, as a
whole the mixture composition remaining constant (quantity con-

trot).

As opposed to the conventional spark ignition engine, the
methanol gas engine shows very low fuel consumption figures be-
cause of the energy recovered by vaporizing the methanol and be-
causc of the lcan operation resulting from the quality-quantity
control system. The lower heating value of methanol vapour is
around 6% higher than that of liquid methanol ie approximately
6% of the lower heating valuec is won from waste energy, con-

tributing to an improvement of overall efficiency.

The effects of using ethanol and/or methanol with unleaded
gasolinec fuel on exhaust emissions (CO, HC and CHO) have been
experimentally investigated by Bata [10] and [11] and Kampen
[12]. The production of (CO) was reduced by about 40:50% at

equivalence ratio on the lcan side near stoichiometry.



The effect of the kind of alcohol (ethanol and/or methanol)
on the production of (CO) was insignificant under the same con-
ditions, but methanol gencrally produced less (CO). Also the
production of (CO) decreases as the percent of alcohol increases

in the blend.

The cffect of alcohol type on (HC) was insignificant but the
unburncd hydrocarbons were slightly increcased due to the in-
crcase in the vapour pressurc. The minimum production of (CH)
was at the lean side ($=0.85). For aldehyde the emission was in-
crcased in the range of 60:100% due to the lower maximum com-
bustion temperature and also with the increcase of alcohol in the
blend. Aldchyde is an eye irritant. More rescarch is required to

control aldehyde production before an extensive use of alcohol.

Bernhardt [8] studied the exhaust emission characteristics of
a mecthanol fucled cngine and he noticed the following:
* A significant reduction in oxides of nitrogen emissions results
from the usc of methanol.
* The carbon monoxide emissions are about the same with either

mcthanol or gasoline. However near stoichiometric and up to
10% lean mixtures {CO) emissions are reduced when ethanol is

used.



* Emissions of hydrocarbons are significantly lower with

mcthanol than with gasoline.

Winnington [13] studied the effect of using gasohol (gasoline-
ethanol blend) as a fuel on the performance of spark ignition en-
gines, A serics of tests were carriéd out to study the performance
of car engines, tuned to run on gasoline, but running on gasohol.

The test programme also included road tests and fuel propertics

analysis.
1. Gasohol blends and the road programme:

The two blends chosen for this scries of tests were blend A
(15% ethanol, 41% premium and 44% regular) and blend B (20%
cthanol, 54% premium and 26;{;‘.rcgular). These percentages were
designed to give the blend the same octanc rating as premium

gasoline, 93 octane.

An extensive programme of road tests was carried.out. The
routes chosen were such that élmost all possible conditions of al-
titude and temperature in Kenya were simulated. The results of
road tests show an increase in power when going uphill or starting

off from a stop position and no vapour-lock is observed.



ii. Laboratory test programme:

The tests were carried out in two series. In the first series, a
single-cylinder, variable compression, Ricardo test engine was
run at various compression ratios between and including 8:1 and
12:1. The carburettor fuel-air ratio was adjusted to yicld maxi-
mum power on premium. The engine performance was noted on
premium, regular and the two gasohol blends and checked over
the full range of operating speeds and throttle settings for each
compression ratio tested. In the second secrics of tests a Peugeot
504 GR engine was mounted on a static test rig and coupled to a
fluid dynamometer. Again the cngine performance was tested

over the full speed range and throttle settings.

The main test series on the Ricardo and Peugeot engine
showed only small differences in engine performance when
gasohol was substituted for premium petrol. Trends shown by
blend A were slightly less pronounced than with blend B. Also at
low engine speeds and high compression ratios, there was more

reduction in power with premium than with the blends.

The Ricardo engine over the test range of 8:1 to 10:1 com-

pression ratios, showed an average drop in power compared to

premium of 2.5% on blend A and 7.5% on blend B. The specific

10



fuel consumption of gasohol showed an increase compared to
premium of around 0.5% and 4% on blend A and B respectively.
The Peugeot engine on the whole, appeared to be less affected
than the Ricardo engine by the substitution of gasohol for
premium. The power was down overall by around 1% on blend A
and 2.5% on blend B and the specific fuel consumption was up by

about 0.5% and 1% respectively for blend A and blend B.

The reason for this variation in resulits is that, in the Ricardo
tests, the fucl flow through the carburettor was reduced by 3.1%
for blend A and 5.6% for blend B when compared with premium.
However, this was not the case for the Peugeot engine which
showed only very small changes in fucl flow about 0.5% when the
blends were substituted for premium. The most likely explanation
of this phenomenon is that while the blends have only slight dif-
ferences in density compared to premium, there is a greater dif-
ference in viscosity. A standard carburettor on the Peugeot uscs
metering orifice to control the flow rate of the fuel. The flow
through this orifice is turbulent and largely unaffected by vis-
cosity. The carburction on the Ricardo engine, however, is con-

trolled by a necedle valve in which the fuel flows through an
annulus. This flow will tend to be laminar and so is more affected

by the fuel viscosity.

11



The bulk of the main test sequence was done with the car-
buretion sct around the mixture strength which gave maximum
power output on premium, the effect on different carburettor set-
ting was also studied for a compression ratio of 9:1, half-throttle
at 3000 rpm on the Ricardo engine. The results of this study are
shown in Fig. 2.1. From the figure it can be scen that a different
carburettor sctting is required to obtain optimal performance for
cither maximum power or minimum specific fucl consumption for
cach fucl. Hence any single setting, if the engine is to run on a
variety of fuels, must be a compromise. Significantly, the jet sect-
ting for maximum power on premium is perhaps the best "sct
point®, because at that setting blend A is operating at its best
*fucl cconomy point® and the best cconomy point for blend B is
not far off it. A similar carburction study was done on the
Peugeot engine. This was done by running the engine at 4000 rpm,
full throttle, using a range of ninc different main-jets. The power
output and the specific fuel consumption were found to be vir-

tually the same for cach of the fuels,
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