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ABSTRACT
The present study aims to investigate the parameters affecting cold start

characteristics of ethanol at low temperature, and suggest a solution to avoid cold
starting problem without the installation of second fuel tank. The testing engine is a
125 CC. volume displacement, single cylinder four strokes Si engine with fuel
injection and ignition timing system controlled by ECU (electronic control unit). The
cold starting performance tests were extensively conducted with different
percentage of ethanol blends, surrounding temperatures, heating inside combustion
chamber, heater injector, pre-cranking without fuel injection, and amount of fuel
injection. From the experimental results, when using ethanol fuel in conventional
engine, the problem of cold starting was observed at surrounding temperature lower
than 15 °C and 20 °C for E85 and E100, respectively. Increasing of injection duration
can lower the possible cold start temperature of neat ethanol. Glow plug and pre-
cranking heating methods can help the engine start at much lower temperature. The
combination of many techniques can make the ethanol engine start at the
temperature as low as 3.5 °C. These findings offer solutions to the cold start problem

in engine fuelled with pure ethanol fuel in Thailand.
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CHAPTER 1

INTRODUCTION

1.1 Motivatives

For many decades, all kind of vehicle engines work with fuels produced from
crude oil. However, crude oil is running out and many countries want to be
independent from importing of crude oil. Limited of energy sources are the warning
of a potential depletion of energy in the future, so we need renewable sources of
energy such as bio-fuels as a substitution of crude oils. Although fuel economy of
engines is greatly improved from the past and will probably continue to be
improved, increase in number of automotive alone dictate that there will be a great
demand for fuel in the near future. Gasoline and diesel will become scare and most
costly. Alternative fuel technology, availability, and use must and will become more
common in the coming decades. Because of the high cost of petroleum products,
some developing countries are trying to use alternate fuel for their vehicle. Another
reason motivating the development of alternate fuel is the fact that a large
percentage of crude oil must be imported from other countries which control the
larger oil fields. As of now many alternate fuels have been used in limited quantities
in automobiles. Quite often, fleet vehicle have been used for testing (e.g. taxies,
delivery vans, utility company trucks). This allows for comparison with similar
gasoline-fueled vehicles, and simplifies fueling of these vehictes, The engines used
for alternate fuels are modified engines which were originally designed for gasoline
fueling. They are, therefore, not the optimum design for the other fuels. Only when
extensive research and development is done over a period of years will maximum
performance and efficiency be realized from these engines. However, alcohol fuels
exhibit numerous differences in their fuel characteristics compared to petroleum-
based fuels. One of the major differences between these two types of fuels is vapor
pressure and heat of vaporization. The low volatility and high latent heat of
vaporization of alcohol fuels results in a low vapor pressure at lower temperatures.
This characteristic of alcohol fuels severely impacts the cold start performance of an
alcohol-powered vehicle compared to a gasoline engine type. Normally, vapor
pressure of fuel should be high enough to allow successfully ignite at low
temperature condition. Simultaneously, it must be low enough to guarantee a
minimal evaporation loss. The European standard EN 228, i.e. Reid Vapor Pressure
(RVP) of fuel must be in the range of 45-60 kPa in summer and 60-90 kPa in winter.{1]



The vapor pressure of ethanol blended fuel decreases with higher percentage of
ethanol. The ignition occurs when the vapor phase mixture of fuel and air is within
flammability range. For ethanol, the vapor flammability limit of fuel vapor/air ratio is
4.3-19 % by volume. At temperature below 13 °C (ethanol flash point), the fuel
vapor/air ratio of the ethanol is below the lean limit due to its low volatility. The
reason of this characteristic can be explained from examination of the chemical
properties of ethanol. The key properties of interest are boiling point, latent heat of
vaporization and ignition temperature. Gasoline has constituents with a range of
boiling points from ~25°C to ~200°C, while ethanol has a single boiling point of
78.4°C. The implication of this property is the percentage of fuel that vaporizes to an
ignitable mixture will be less for ethanol than gasoline at low temperatures.

The further temperature drops below the lowest boiling point of the fuel, the
more this issue becomes worse. Comparing the latent heat of vaporization of
gasoline to ethanol, it is observed that the amount of energy consumed to convert
gasoline from liquid state to gas per unit of mass is approximately three times lower
than ethanol. This implies that almost three times amount of energy needed to be
given to ethanol to vaporize fuel droplets to form an ignitable air-fuel mixture. The
third significant factor which impacts cold starting is the ignition temperature. Ethanol
has an ignition temperature at 13°C which is 50°C higher than gasoline. The
consequence of this property is ethanol requires more energy to ignite an air-ethanol
mixture as it requires for an air-gasoline mixture assuming all other variables were
kept the same.

In conventional gasoline engine, the cold start problem is usually solved by
over-fueling during start up to ensure enough fuel evaporation for ignition. However,
this technique is not workable for the ethanol-fueled engine when the environment
temperature is below 0°C. In Brazil, the flexible fuel vehicles are equipped with the
secondary fuel tank to use for cold starting of this type of engine. However the exists
of secondary fuel tank is considered to be inconvenient and unsafe for customers. In
USA, Europe and many countries chose E85, mixtures of gasoline and ethanol,
instead of pure ethanol to overcome an installation of additional fuel tank. The 15%
of gasoline in E85 increases the vapor pressure enough for cold starting.

An agricultural country such as Thailand has a lot of agricultural products which
can be used as raw materials for ethanol production. Ethanol is one of good choices
for renewable energy in Thailand. In addition, using ethanol as an alternative energy
is supported by Government of Thailand. However, there must be some modification
on the Spark Ignition (SI) engine, because of the well known problem when using
ethanol with S| engine in the winter or under low-temperature environment, the
engine is hard to start. This is the main problem of using ethanol with automotive



engine. The goal of this research is to study and propose an approach to improve the
efficiency of ethanol-fueled automotive engine in Thailand. Because Thailand’s
ambient temperature which some places, in the winter, will be lower than 10°C and
can be dropped to the lowest of -2° C in high ground. Ethanol Vehicles exhibit poor
cold start performance in an environment such that its temperature is below 11° C,
since ethanol will not be able to form a rich fuel vapor-air mixture enough to
support combustion.

The objectives of this research are to study the parameters effect to the cold
start characteristics and to solve a problem of cold starting of ethanol fuel without
installation of secondary fuel tank. The parameters such as ratio of ethanol and
gasoline blends, ambient temperature, and amount of fuel injection are key
parameters which will be examined.

1.2 Objectives

The aim of this study is to improve efficiency of cold start in conventional
spark-ignition engine with ethanot by addressing following items

1.2,1 To investigate starting characteristics of an ethanol engine at low
temperature

1.2.2 To flgure out the solution for cold starting of the ethanol engine in
Thailand

1.3 Scope of starting in low temperature

The scope of this study will explore following areas:
1.3.1 The minimum temperature to start the ethanol automotive engine.

The first study is aimed to investigate and figure out the minimum
temperature that engine can be started using pure ethanol as a substitution for
conventional gasoline with and without assistance from cold start techniques.

1.3.2 The minimum amount of fuel injection to start an ethanol engine.

The main cold start modification technique is increasing amount of fuel
injection in order to increase a density of fuel vaporization and a better chance of



successful ignition. However, the more ethanol fuel injected to an engine, the more
hydro-carbon was emitted from exhaust pipe by unburned fuel.

1.3.3 The minimum starting time of the ethanol engine.
1.3.4 The engine can start in the minimum Thailand’s temperature.

In this study, conditions of experiment are set up from minimum temperature
of Thailand in last 5 years and there are 3 separated criteria which will be measured
for minimum temperatures — Bangkok, rural Thailand, and lowest temperature of
Thailand (High ground and mountain).

1.3.5 Modification techniques which will be applied to conventional
engine for starting at minimum temperature in Thailand.

Many techniques were used for reduce the starting time of ethanol engine at
low temperature. Each technique can effect starting time and provide different
results.

1.4 Overview of the contents

The research is divided into five chapters. The first chapter begins with the
introduction to the renewable energy of world and Thailand in the future and the big
problem when using ethanol. The second chapter further reviewing literature
another research.



CHAPTER 2

RESEARCH BACKGROUND

2.1 Energy government policy

In those countries that are net oil importers, expectation about the net
benefit of ethanol on reducing oil import is the primary driving force behind efforts
to promote its production and use. Thailand imports a significant amount of oil to
meet domestic demand. The ratio of the country’s clued oil import to crude
consumption stands at a high level (92% in 2001) Thu Lan T. Nguyen, Shabbir H.
Gheewala, (2008){20]. Not only does oil consumption cost the country amount of
foreign currency via oil import bills but also contributes to environmental
degradation. In that context, domestically produced ethanol has emerged as a
potential substitute for conventional gasoline, most likely effective in both fossil oil
savings and pollution mitigation. However, one of the concerns arising with an
increased use of ethanol is its relatively high price over gasoline. This situation is not
different for Thailand, a new market for fuel ethanol in Asia. To enhance ethanol’s
cost competitiveness against conventional gasoline, the government’s measures
include excise tax exemption and fuel subsidies. In Thailand, though the promotion
for ethanol to enter the energy market had started in the past 20-30 years, its
popularity was first recognized in 2001. With the government’s bio-fuel policy,
ethanol is being distributed to consumers in the form of gasohol, a mixture of
ethanol and gasoline at ratio of 1:9. Quite confident about abundant sources of raw
materials for ethanol production, the Thai government has launched a project to
replace gasoline with gasohol nationwide on January 2007 (Pichalai, C, 2005).[21]
Ministry of Energy had determined the energy strategies for a country
competitiveness, which had been approved by the cabinet on 2 September 2003.
One among these strategies is the sustainable alternative energy development that
had set the target on increasing the proportion of commercial renewable energy or
renewable power generation /industry from 0.5 percent in 2002 up to 8 percent by
2011. Bio-fuel development, as for ethanol and bio-diesel, is a goal under the Plan of
Increasing Proportion of Renewable Energy Use. Ministry of Energy, by DEDE, had
established a Gasohol Strategy to propose in the Joint Meeting between Ministers of
Energy, of Agricultural and Cooperatives and of Industry and then proposed to the
cabinet on 9 December 2003. in fact, market price is just only one aspect of bio-
fuels’ performance. It would not inform policy makers adequately about potential



benefits of bio-fuels, e.g., fossil oil savings and environmental improvements upon
substituting fossil based liquid fuels in transportation. (Thu Lan T. Nguyen, Shabbir H.
Gheewala and Savitri G., 2006)[22]

According Thailand’s government energy policy aimed to promote alternative
fuel that has the advantages following above. However, blending process between
ethanol and gasoline is an extra cost from transportation of ethanol and gasoline to
mix them together in same place. Thus, usage of neat ethanol has no extra cost for
transportation before mix together with gasoline to be gasohol. Ministry of Energy had
set the target on using an ethanol for MTBE substitution in gasoline 95 by 1 ml/d by
2006 and on using an ethanol for 3 ml/d for MTBE substitution in gasoline 95 and for
oil substitution in gasoline 91 by 2011 shown in Figure 2.1.
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Figure 2.1 Thailand’s government energy policy planning[23]



2.2 Ethanol fuel

Alcohols are an attractive alternate fuel because they can be obtained from
both natural and manufactured sources. This section deals with the chemical and
physical properties of ethanol, especially those relevant to its use in automotive
vehicles. More engine specific properties such as energy density, octane rating, and
so on are discussed in later sections.[4]

2.2.1 Characteristics of ethanol

Fthanol has been used as automobile fuel for many years in various regions
of the world. Brazil is probably the leading user, where in the early 1990s. About 5
million vehicles operated on fuels that were 93% ethanol. For a number of years
gasohol (gasoline + alcohol) has been available at service stations in the United
States. Gasohol is a mixture of 90% gasoline and 10% of ethanol. As with methanol,
the development of system using mixtures of gasoline and ethanol continues. Two
mixture combinations that are important are E85 (85% ethanol) and E10 (gasohol).
E85 is basically an alcohol fuel with 15% gasoline added to eliminate some of the
problems of pure alcohol (i.e., cold starting, tank flammability, etc.). E10 reduces the
using of gasoline with no modification required to the automobile engine. Flexible-
fuel engines are being tested which can operate on many ratio of ethanol-gasoline.
Ethanol can be made from ethylene or from fermentation of grains and sugar. Much
of it is made from corn, sugar beets, sugar cane and even cellulose (wood and
paper). The present cost of ethanol is high due to the manufacturing and processing
required. This would be reduced if larger amounts of this fuel were used. However,
very high production would create a food-fuel competition, with resulting higher
costs for both. Some studies show that at present in the United States, crops grown
for the production of ethanol consume more energy in plowing, planting, harvesting,
fermenting and delivery than what is in the final product. This is defeats one major
reason for using an altemate fuel. Ethanol has less HC emissions than gasoline.

The chemical formula for ethanol is C;H sOH, sometimes written as EtOH or
C,HO. It is also known under many names such as ethyl alcohol or hydroxy ethane
and is the type of alcohol found in alcoholic beverages. Ethanol is a rather simple
organic molecule consisting of a group of carbon and hydrogen atoms with a
hydroxyl group (an oxygen and a hydrogen atom) attached. Compared to most
gasoline components, the ethanol molecule is small and light, having a molecular
weight of just 46 ¢/mol (see Table 3.2 for relevant properties of ethanol and
gasoline). Ethanol is somewhat special in its electrochemistry; the molecule is being
polar at one end and non-polar at the other. The polarity of a molecule refers to the



distribution of electric load in the molecule and it is a significant factor in physical
and chemical behavior of substances. The presence of a hydroxyl group in the
ethanol molecule allows it to participate in hydrogen bonding with other ethanol
molecules or other polar substances. The bond is relatively weak but strong enough
to make ethanol more viscous and less volatile than other similar but less polar
substances. The fact that the ethanol molecule has both a polar and a non-polar
end makes ethanot soluble in both polar and non-polar substances. The polar end
makes ethanol miscibte with water (and other polar substances), and the non-potar
end allows it to miscible with many non-polar organic substances, such as gasoline
and, to a tesser extent, diesel fuel. The hydrogen bonding in ethanol also causes the
substance to have a rather low volatility for a molecule of such relatively small
molecular weight. Under atmospheric conditions, ethanol is a liquid, although it will
gradually evaporate if exposed to the atmosphere. It is colorless and has a distinct of
taste and smell Ethanol is categorized as a mildly toxic substance.

2.2.2 Important qualities of SI engine fuels

Gasoline which is mostly used in the present day S| engines is usually a blend
of several low boiling parafins, naphthenes and aromatics in varying proportions.
Some of the important qualities of gasoline are discussed below especially effect
with cold start problem.

2.2.2.1 Volatility

Volatility is one of the main characteristic properties of fuel which determines
its suitability for use in an S| engine. Since gasoline is a mixture of different
hydrocarbons, volatility depends on the fractional composition of the fuel. The usual
practice of measuring the fuel volatility is the distillation of the fuel in a special
device at atmospheric pressure and in the presence of its own vapor. The fraction
that boils off at a definite temperature is measured. The characteristic points are
temperature at which 10, 40, 50 and 90% of the volume evaporates as well as the
temperature at which boiling of the fuel terminates. The method for measuring
volatility has been standardized by the American Society for Testing Materials (ASTM)
and the graphical representation of the result of the tests is generally referred to as
the ASTM distillation curve. The more important aspects of volatility related to
engine fuels are discussed in detail in conjunction with the distillation curve.

V. F. Andersen et al. (2009)[25] investigated volatility of alcohol-gasoline
blends as result on distillation curves. This investigation observe on presented for
single-alcohol blends in gasoline, containing 5-85% by volume of methanol, ethanol,
1-propanol, 2-propanal, 1-butanol, i-butanol (2-methyl-1-propanol), and t-butanot (2-



methyl-2-propanol). Most alcohols are shown to form mixtures with gasoline
exhibiting near-azeotropic behavior that significantly affects the shape of the
distillation curves. The results are compared to literature data available for some
alcohols. In addition, distillation curves for a variety of dual-alcohol blends are
presented, containing 10% of each of two alcohols. We show that such dual-alcohot
blends have distillation curves closer to that of the base gasoline than single-alcohol
blends with20%of either alcohol individually. At present, ethanol is the only bio-fuel
alcohol avaitable in scale. Haltermann EEE gasoline was tested. EEE gasoline is similar
to “Indolene” from Amoco/BP, both of which are standard gasoline without
additives. EEE gasoline has a Reid vapor pressure of 60-63 kPa. And the ethanol used
was ethanol (99.5+4%, 200 proof, <0.005% water). Distillation curves for ethanol
blends are shown in Figure 2.2 and are provided in tabular form in the Supporting
Information. The trends for ethanol-gasoline blends are similar to those observed for
methanol-gasoline blends. A similar type of effect has been observed with vapor
pressures of blends where adding small percentages of alcohol to gasoline increases
the vapor pressure more than adding larger percentages. The observations above are
consistent with the well known phenomenon of azeotropic behavior of mixtures of
methanol and the hydrocarbons of the base gasoline. For a true azeotrope, the
liquid molar composition is identical to the composition of the vapors formed. During
distillation of an azeotrope, both compositions remain constant until the fluid is
completely evaporated. Thus, the distillation curve for a true azeotrope should
become flat and remain flat until the distillation is complete. With the methanol-
gasoline blends, the distillation curve never becomes truly flat and exhibits a steady
rise in the late region. Given these considerations, it may be more appropriate to
describe this as a “near-azeotropic mixture” of the alcohol and the gasoline
hydrocarbons. While the addition of 5-25% ethanol leads to little, or no, discernible
change in IBP (initial boiling point), there is a substantial decrease in distillation
temperature (i.e., increase in volatility) over the middle portion of the distillation
curve. As observed with methanol blends, the addition of small amounts of ethanol
(ES and E10) gives the largest increase in volatility for the first approximately 30% of
the distillation curve. As the fraction of ethanol increases (from E10 to E25), each
distillation curve moves progressively closer to that of gasoline over the first
approximately 30% of the volume distilled. The IBPs for E50 and E85 blends are
substantially greater than those of the base gasoline and trend toward that for pure
ethanot (78 °C). As similarly observed for methanol blends, the extent of the
deviation in the initial portion of the distillation is substantially larger than would be
expected simply from the amount of ethanol in the blend. For example, the
distillation temperature for E5 increases more slowly than the base gasoline from
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T10 to T30, but then increases sharply at T50 and thereafter, approaching that of
gasoline. These observations indicate that ethanol forms a near-azeotropic mixture
with the gasoline hydrocarbons and consequently the impact of ethanol on fuel
volatility is substantially greater than expected for ideal mixtures.
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Figure 2.2 Distillation curves for blends of ethanol and gasoline[25]

As Lange’s handbook of Chemistry 10" edition[31] - The formula is estimated
vapor pressure of ethanol with temperature is illustrated in Figure 2.3. The trend line
of vapor pressure is likely very low in low temperature. By standardize of Reid Vapor
Pressure (RVP) at 37.7°C has value of vapor pressure more than at 10°C about 10
times. According calculation can define cold start problem at low temperature by
limitation of lean flammability limit of ethanol. The too low ethanol vapor pressure
or too low of ethanol in gas phase is not ignite and start of combustion.
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Figure 2.3 Ethanol vapor pressure with Temperature by Calculation [31]

Ethanol vapor pressure vs. temperature, Uses formula:
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2.2.2.2 Starting and warm up

A certain part of the gasoline should vaporize at the room temperature for
easy starting of the engine. Hence, the portion of the distillation curve between
about 0 and 10% boiled off have relatively low boiling temperatures. As the engine
warms up, the temperature will gradually increase to the operating temperature. Low
distillation temperatures are desirable throughout the range of the distillation curve
for best warm-up.

2.2.2.3 Operating Range Performance

In order to obtain good vaporization of the gasoline, low distillation
temperatures are preferable in the engine operation range. Better vaporization tends
to produce both more uniform distribution of fuel to the cylinders as well as better
acceleration characteristics by reducing the quantity of liquid droplets in the intake

manifold.
2.2.3 Fuel evaporation

In addition to the break-up of the spray and the mixing processes of air and
fuel droplets, the evaporation of liquid droplets also has a significant influence on
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ignition, combustion, and formation of pollutants. The formation of fuel vapor due to
evaporation is a prerequisite for the subsequent chemical reactions. The evaporation
process determines the spatial distribution of the equivalence ratio, and thus
strongly affects the timing and location of ignition. The energy for evaporation is
transferred from the combustion chamber gas to the colder droplet due to
conductive, convective, and radiative heat transfer, resulting in diffusive and
convective mass transfer of fuel vapor from the boundary layer at the drop surface
into the gas, Figure 2.4. This again affects temperature, velocity, and vapor
concentration in the gas phase. Hence, there is a strong linking of evaporation rate
and gas conditions, and, for this reason, there must atways be a combined
calculation of heat and mass transfer processes. In order to describe the evaporation
process mathematically, the following assumptions are usually made: the radiative
heat transfer is neglected because it is small compared to the convective one.
Because it is not feasible to resolve the flow field around all the droplets of a spray,
the evaporation modeling is based on averaged flow conditions and average transfer
coefficients around the droplets. The droplets are usually assumed to be of spherical
shape. Deformation, break-up, collisions, and other interactions of droplets are
neglected during the calculation of evaporation. Further on, the droplet’s interior is
usually assumed to be well mixed. For this reason, there are no spatial gradients of
the relevant quantities like liquid temperature, concentration of fuel components,
boiling temperatures, and critical temperatures, heat of evaporation etc. inside the
droplet, and only a dependence on time is possible. Furthermore, the solubility of
the surrounding gas in the liquid and the effect of surface tension on the vapor
pressure are neglected. In order to determine the transport processes at the
gas/liquid interface (mass and energy fluxes), phase equilibrium is assumed. It is
presumed that the phase transition (liquid to vapor) is much faster than the vapor
transport from the surface into the surrounding gas. Further on it is assumed that
even if the conditions in the gas phase or inside the droplet change (e.g. temperature
rise), phase equilibrium is always immediately reached. The concentration of fuel
vapor and thus also the properties of the gas mixture in the boundary layer are
strongly dependent on radius, Figure 2.4 In order to get representative vatues for the
calculation of the diffusive mass transport, simplified vapor concentration curves are
customarily used.

In order to determine the transport processes at the gas/tiquid interface
(mass and energy fluxes), phase equilibrium is assumed. It is presumed that the
phase transition (liquid to vapor) is much faster than the vapor transport from the
surface into the surrounding gas. Further on it is assumed that even if the conditions
in the gas phase or inside the droplet change (e.g. temperature rise), phase
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equilibrium is always immediately reached. The concentration of fuel vapor and thus
also the properties of the gas mixture in the boundary layer are strongly dependent
on radius, Figure 2.4. In order to get representative values for the calculation of the
diffusive mass transport, simplified vapor concentration curves are customarily used.
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Figure 2.4 Schematic view of drop vaporization[24]

Although real fuels consist of a multitude of different components that
influence the evaporation process (more volatile but less ignitable components
evaporate first, components with higher molecular weight evaporate later), the
standard approach today is to use a single-component model fuel. Usually
tetradecane (n-CyqHso) is used in order to represent the relevant properties of diesel,
and octane is used for gasoline. The temperature change of the liquid droplet can be
obtained from an energy balance. The total heat flux transferred from the hot gas to
the liquid droplet results in an increase of droplet temperature (heating) and in
evaporation. In equation 2.2-2.4, Mgy, and Ty, are the droplet mass and
temperature, C, is the specific heat capacity of the liquid fuel, A‘revap is the enthalpy
of evaporation, and My, is the mass that evaporates in the time interval dt. Using
equation 2.3 and 2.4 in equation 2.2 and solving for the temperature change yields.

erop = Qhean'ng + Qevdp * (2.2)

AL 4rop

Qhean‘ng = MaropCp,1 "‘""d ’
d (2.3)
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0. =AN —F
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—
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The Microscopic View - When a solid or a liquid evaporates to a gas in a
closed container, the molecules cannot escape. Some of the gas molecules will
eventually strike the condensed phase and condense back into it. When the rate of
condensation of the gas becomes equal to the rate of evaporation of the liquid or
solid, the amount of gas, liquid and/or solid no longer changes. The gas in the
container is in equilibrium with the liquid or solid. The pressure exerted by the gas in
equilibrium with a solid or liquid in a closed container at a given temperature is
called the vapor pressure. at a higher temperature, more molecules have enough
energy to escape from the liquid or solid. At a lower temperature, fewer molecules
have sufficient energy to escape from the liquid or solid. Figure 2.5 show microscopic
equilibrium between gas and liquid at low temperature on right figure. Note the
small number of particles in the gas. On left figure is representing microscopic
equilibrium between gas and liquid at high temperature. Note the large number of
particles in the gas.

Figure 2.5 Equilibrium Vapor Pressure [32]

2.2.4 Flash-boiling

When a liquid, initially in a sub-cooled state, is rapidly depressurized to a
pressure sufficiently below the saturated vapor pressure, it can no longer exist in the
liquid state, and a rapid boiling process called flash-boiling is initiated. A portion of
the fuel then evaporates instantaneously and cools the rest of the liquid down. This
sudden evaporation results in a significant increase of spray volume and a faster
spray break-up. In the case of high-pressure diesel injection, the phenomenon of
flash-boiling can only be achieved if the fuel is sufficiently preheated before
injection. In the case of gasoline injection, flash-boiling is much easier to obtain due
to the lower boiling curve. Especially if gasoline is injected in the intake manifold
where the static pressure can fall below the saturated vapor pressure of some
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hydrocarbon fuel components. Such a condition will result in unintended flash-
boiling. This causes significant changes in the fuel spray distribution and the fuel-air
mixing. figure 2.7 shows the conventional and the flash-boiling fuel injection in a
pressure- enthalpy diagram. Sub-cooled liquid exists to the left of the liquid
saturation line, and superheated vapor exists to the right of the vapor saturation line.

Superheated liquid can exist for a significant period of time without phase
transition in a metastable condition between the liquid saturation line and the liquid
spinodal, while to the right of the liquid spinodal there is no metastable state and
liquid and vapor must coexist. During injection, the highly pressurized fuel leaves the
nozzle through the injection hole, in which the liquid is strongly accelerated and the
pressure decreases. In the case of conventional injection (line 1'- 2’), the fuel
temperature, and thus the enthalpy, is too low to cross the liquid saturation line
during pressure decrease. In the case of flash-boiling injection, the increased fuel
temperature results in a higher fuel enthalpy, and the fuel undergoes a pressure
reduction from point 1 to point 4 while passing through the nozzle hole. Between
point 2 and point 3, vapor bubbles are formed and begin to grow. If there were be
enough time, an equilibrium vapor fraction would be achieved. As point 3 is
approached, the nucleation rates become large, and beyond point 3 the transition
from vapor to liquid becomes explosively rapid.
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Figure 2.6 Comparison of conventional injection and flash-boiling injection[24]

2.2,5 Ethanol for Sl engine

Ethanol has higher antiknock characteristic compared to gasoline. As such
with an ethanol fuel, engine compression ratios of between 11:1 and 13:1 are usual.
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Today’s gasoline engines use a compression ratio of around 7:1 or 9:1, much too low
for pure alcohol.

In a properly designed engine and fuel system, alcohol produces fewer
harmful exhaust emissions. Ethanol contains about half the heat energy of gasoline
per liter. The stoichiometric air fuel ratio is lesser for ethanol than for gasoline. To
provide a proper fuel air mixture, a carburetor or fuel injector fuel passages should
be doubled in area to allow extra fuel flow.

Ethanol does not vaporize as easily as gasoline. Its latent heat of vaporization
is much greater. This affects cold weather starting. Ethanol liquefies in the engine and
will not burn properly. Thus, the engine may be difficult or even impossible to start
in extremely cold climate. To overcome this, gasoline is introduced in the engine
until the engine starts and warms up. Once the engine warms, alcohol when
introduced will vaporize quickly and completely and burn normally. Even during
normal operation, additional heat may have to be supplied to completely vaporize
ethanol. Ethanol burns at about half the speed of gasoline. As such, ignition timing
must be changed, so that more spark advance is provided. This will give the slow
buming ethanol more time to develop the pressure and power in the cylinder.
Moreover, corrosion resistant materials are required for fuel system since ethanol is
corrosive in nature.

2.3 Historical temperature in Thailand

Thailand is a tropical country. Average ambient temperature is higher than
25°C. The engine is workable without cold start problem. But according to historicat

minimum temperature data in Thailand can be consider cold start problem of
ethanol engine will be occur in winter.
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Table 2.1 Minimum temperature in last 5 years of Bangkok[Appendix C]

Year Temperature(°C) Month
2006 139 February
2007 18.1 February
2008 17.9 January
2009 15.5 January
2010 20.0 January

Table 2.2 Minimum temperature in last 5 years of Thailand[Appendix C]

Year Temperature(®C) | Location Month
2006 3.5 Northern February
2007 5.6 Northern February
2008 6.0 Northern January
2009 4.2 North-eastern January
2010 9.8 Northern January

Table 2.3 Minimum temperature in last 4 years of High ground[Appendix C]

Year Temperature(®C) | Location Month
2003 1.5 Northern February
2004 -2 Northern January
2005 25 Northern January
2006 2.5 North-eastemn January

76421
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2.4 Cold start issues

There are two major problems related to cold engine starting when using
ethanol with conventional SI engine. The first problem is reliable engine startup
without excessive cranking and amounts of CO,. The other is retatively slow heating
(light off) of the way catalyst. In general, starting up of FFV vehicle engine will not
be problem if certain measures are taken. For example, cold start is generally not a
problem when low-level of ethanol is blended such as E5 or E10 (other than those
problems normally experienced with gasoline fuel). An investigation of E10 by the
European Oil Company Organization for Environment, Health and Safety (CONCAWE)
and GFC shows that ethanol itself does not cause cold start problems, as much as
the low volatility caused by ethanol blending. in other words, it is possible to adjust
and maintain a volatility level that complies with the existing gasoline standards.

Even in a tropical climate, such as the Brazil, measures do have to be taken
to accommodate some impractical properties of ethanol related to engine start-up.
In general, when ethanol constitutes as the major part of mixtures, cold start
problems are more likely to arise.[2]

Ethanol-fueled engine is different from gasoline engine. In Sl-engine, cold start
problems occur because of the air-fuel mixture produced in combustion space of an
engine at low ambient temperatures, depending on the type of ethanol fuel, is too
low for a successful initiation and sustain combustion, Pure ethanol needs a higher
gaseous concentration in air to be flammable, at 4.3 percent by volume, compared
to about 1.4 percent for gasoline; see table 3.2 of fuels properties for completed
detail. Being a pure substance, ethanol does not like gasoline which contains many
high volatile components such as pentane and hexane that allow gasoline fueled
engine to start at very low temperatures.[3] Due to the combination of these two
factors, pure ethanol requires a higher gaseous concentration than gasoline to be
combustible at a given ambient temperature. The main focus of the solution to
overcome these natural properties of ethanol is therefore boosting the vaporization
of ethanol. Flammability limit property is important and cannot be omitted,
however, this research only focuses on start ability of ethanol and a solution of cold
start with ethanol. There are a lot of techniques to improve cold start problem with
ethanol-fueled engine, according to a review of previous works.[4]

There are some consideration points to be concerned to overcome cold start
problems, such as efficiency, cost of technology, ease of use, and start up emissions
have to be evaluated for the particular geographical location and market situation.
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2.5 Literature review

In this section, author carefully reviewed literatures from many researchers
who are researching in the area of startup SI engine using ethanol as fuel at low
temperature and results of their works can be summarize as follow;

[n many cold climate countries have researched and solved cold start
problem for many years and below lists some examples of research which author
has reviewed in this section

S. Y. Liao et al (2005) [5] investigated the cold-start combustion
characteristics of ethanol-gasoline blends in a constant-volume chamber. It can be
concluded that a reliable and rapid cold start of spark ignition engines is related to
unburned hydrocarbon emissions, as well as energy efficiency. As combustion
characteristics are relevant parameters for a stable combustion initiatization. The
effect of the equivalence ratio on the combustion pressure, ignition delay time, mass
burning rate, and the flame propagation speed are studied in detailed. It is shown
that moderate ethanol addition can slightly improve the reliability of a cold start,
compared to gasoline, but with the increase of ethane content, this improvement of
ethanol on a cold start does not become obvious. Ethanol addition into gasoline
results in a significant increase of HC emissions for rich fuel-air mixtures with the
same equivalence ratio, however, in view of a cold start, it is also indicated that HC
and CO emissions can be reduced because the engine can never be over fueled like
a gasoline engine.

Campbell S. (1996) [6] has studied flame and liquid fuel in an S| engine
cylinder during cold start. An optical SI engine equipped with a conventional port
injection fuel system was investigated during the cold start period as operated by
unleaded regular gasoline. The high-speed multiple spectral infrared images were
obtained in the results. From this study can be concluded that in the first ignition
cycle, the flame fronts are observed over the entire imaging view of the chamber,
which suggests that the fuel vapor was accumulated in the zone during the previous
(no-ignition) cycle and the flame propagations in the second, third and fourth cycles
are more intense and exhibit a remarkable difference in strength. It is extremely
intense in second and comparably weak in third and fourth cycles. The reaction
centers produce radiation after about 15 ATDC, indicating the need of a tie period for
liquid fuel to be heated to support the local diffusion reaction. The liquid layers
causing the local reaction did not appear in every cycle, and likewise the opposite
was found after the engine was well warmed. Some cyclic variations in liquid layer
formation are pronounced to exist in the engine cylinder.
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Scott W. Jorgensen (1988)[7] has proposed compression gas temperature
during compression in a cold cranking engine. As part of the investigation, the author
surmises the reasons for a success of cold starting observed in Robert M. Siewert and
Edward G Groff (1987)’s research.[8] The primary outcome of the paper was that the
compression temperature has less of an effect on producing a combustible mixture
at low temperatures compared to the total delivered ignition energy. The author
explains that the increase in compression gas pressure negates the effects of
increased compression gas temperature and it is in fact the ignition energy delivered
to the fuel droplets caused them to vaporize and ultimately form a combustible
mixture with air. The processes led to the success of the cold starting in last paper
was the use of an AC ignition system that provides a series of spark discharges, the
first of these discharges transfers their energy to the fuel droplets and causes them
to vaporize, then the later discharges act to ignite the previously vaporized fuel
droplets.

Dual-fuel systems incorporate two separated fuel systems, including a small
auxiliary fuel tank that contains a volatile fuel blend for cold starts. The concept has
been used for many years in Brazil in dedicated ethanol vehicles, using gasohol as
the auxiliary fuel, and is still the cold start solution used in modern Brazilian
FFVs.(Vicentini, 2005){9] The dual-fuel concept is very effective in facilitating cold
starts but requires car owners to monitor and refill two fuel tanks, This type of
system might be unacceptable to consumers in more affluent countries, where the
demand for user passive systems is stronger.

In cold climates, the blending of large amounts of gasoline into ethanol is
generally used as the cold start solution. According to the season and local climate,
E85 contains between 70 and 85 percent ethanol, gasoline constituting the
remainder. Even though this strategy is effective in starting the engine, it invariably
leads to very high emissions of unburned and partly burned fuel components during
the cold-start and warm-up phases of driving(Kane. E.L., et al, 2001)(3] mainly
because a major part of the injected fuel condenses on the cold cylinder walls and
later exits the engine unburned.(Stanglmaier et al., 1997){10] This tendency can be
partly mitigated by the use of a block heater currently implemented by Ford and
Saab in their northern hemisphere FFVs. The block heater is a heating element in the
engine coolant that powered by an extermnal cord connected to the power grid, heats
the coolant to the optimal temperature of about 30°C.

The block heater solution has several serious shortcomings, however, chief
among them is the need to plug the vehicle into the power grid and the poor choice
between either wasting energy in keeping the coolant always warm when not driving,
or atternatively, having to wait a very long time for the engine to heat up sufficiently
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before starting the engine. Although the block heater sotution avoids the need to
monitor two fuel tanks, the system can arguably be less user passive than the dual-
fuel technology. At the same time, the need for an external power source
necessitates national infrastructures of electrical power connections in the public
space.

However, the block heater also has advantages. First, the devices needed are
inexpensive and efficient in facilitating cold starts. Second, they reduce cold-start
emissions considerably, both by vaporizing a greater fraction of the fuel and by
heating the cylinder walls enough to prevent the (highly emission-producing)
condensation of fuel species on cold cylinder walls.

In essence, OBDS (Onboard distillation system) provides the cold-start
capability of the dual fuel system, by a user-passive and relatively inexpensive
technology, which can be retrofitted for existing vehicles. Overall, the patent seems
to be superior to other SI cold-start systems, when comparing price, convenience of
use, start-up time, emissions and potential for retrofitting. The distillate is more
volatile than gasoline, giving better cold start performance and lower cold start and
warm-up emissions than gasoline or bi-fuel vehicles. At the same time, the price of
the system is fairly low, both when used as a conversion kit but especially if used in
mass production vehicles.[4]

Robert M. Siewert and Edward G Groff (1987)[11] have summarized the
outcomes of the paper specific to alcohol fuel were that start time of 1-3 seconds
could be achieved at -29°C. The start time were achieved through the use of a

mechanical high pressure, direct fuel injection system and AC ignition system, key
points to achieving successful cold starting were injection of fuel across the spark
plug gap while firing the ignition system, long dwell times corresponding to high
ignition energy and to a lesser extent increased compression ratio corresponding to
increased cylinder air temperature on compression. The authors observed that the
ignition energy for initiating and sustaining combustion at low temperatures for
alcohol was of high importance.

Gregory W. Davis et al. (2000) [12] have studied using hydrogen to improve
cold start problem of ethanol vehicle with E8S. It can be summarized that cold start
is a definite problem in alcohol fuels making it is almost impossible to start below 10
°C without additional technology. Operating with E85 at low temperature, despite of

additional 15% gasoline, does not solve the cold starting problem. This problem can
be minimized by using hydrogen supplemented E85 during cold starts. Not only does
the cranking time decrease, but the emissions are also likely to decrease since over-
fueling can be minimized. Increasing the amount of hydrogen injection decreases
crank time up to about 12% hydrogen by volume. Additional hydrogen after that
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doesn’t provide any noticeable improvement. The minimum level of hydrogen
required appears to be around 8% at cold start conditions of -4 °C. This level of

injection ensures that the hydrogen will not fall below the minimum flammability
limit of 4 % for a substantial amount of time during engine startup. This information
can then be used in order to size a reformer to meet cold start conditions,

Gregory W. Davis et al. (1999) [13] have studied the effect of multiple spark
discharge on the cold-start ability of an E85 fueled vehicte. The results of the cold
start testing show that the multiple spark capacitive discharge ignition does provide
quicker cold starting and better idle characteristics than a standard OEM ignition. On
the other hand, results of the cold start testing using the circular electrode spark
plugs are inconclusive. They caused a significant increase in cold start time yet
helped the engine to warm up quicker. It can be proposed that ethanol fuel wetting
of the spark plug caused misfires which hurt cold starting, but once combustion
temperatures were high enough that fuel wetting was no longer a problem, better
combustion was realized. There is no hard data to confirm this theory, so further
testing would be required. If a similar design spark plug which has a much larger
shunt path was used, it might be possible to achieve even better cold starting than
with the multiple spark ignition and OEM plugs.

Daniel Kabasin et al. (2009) [14] have investigated heated injector for ethanol
cold start. In order to determine heated injector requirements, CFD (Computational
Fluid Dynamics) was utilized in first to predict phenomena. As shown in figure 2.7
during a cold start without pre-crank heating, the PCM firstly applies 100% duty cycle
to the heater when cranking commences in order to heat the ethanol. As the engine
fires and begins to run, PCM reduces the fuel rate as well as the heater’s duty cycle
corresponding to its fueling command. As the engine settles into its cold idle, a
minimal duty cycle maintains an elevated stream temperature to improve warm up
drive-ability. In this case the PCM applies 100% duty cycle to the heater before
cranking commences when a pre-set is triggered, such as the opening of the driver’s
door or insertion of the ignition key, is detected. As in the no pre-heating case, the
PCM reduces the fuel rate as well as the heater’s duty cycle when the engine fires
and begins to run. Similarty, as the engine settles into its cold idle, a minimal duty
cycle maintains an elevated stream temperature to improve warm up drivability. The
result is shown in figure 2.8. Heating the fuel also improves low temperature warm-
up drive-ability. Many sub tank systems require sustained gasoline injection. Heating
the fuel reduces the liquid fuel requirement by increasing the vaporized fuel fraction.
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Figure 2.8 Ethanol engine at -5 °C with pre crank heating prototype injectors

Significant measures are being taken to avoid cold start problems with
ethanol fuels. Current trends in_engine technologies seem to suggest that less
significant, or no measure at all, will be needed, other than what can be achieved
with electronic engine calibration and management. Among the promising
technologies are Gasoline Direct Injection (GDI), Variable Valve Timing (VWT) and, in
general, a significant degree of engine management and control due to advances in
sensor and Engine Control Unit (ECU) technology.

Direct cylinder fuel injection technology has recently been considered as a
solution to the cold start difficulties with pure ethanol and E85. Although the direct
injection technology itself is fully developed and commercial, its adaptation for
higher percentage ethanol blends and FFV is still being developed. A few concept
vehicles have been manufactured for showcase purposes and several automakers
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and research institutions are working on projects with the ethanol direct injection
(EDI) engine but scientific documentation of these efforts is limited.

Tyron Dean Utley et al.(2008)[15] investigated low temperature starting on a
pure ethanol fuelled direct injection engine by using Mie scattering with constant
volume combustion chamber and engine. The conclusion of this research indicates
that there is general trend of reduced spay penetration with reduced temperature. It
can therefore be said with some level of confidence that spray atomization and
penetration of this E93 mixture is reasonable over the range of temperatures studied
in this paper, depicted in figure 2.9. The suggestions are for a direct injection engine
moving the injection event closer to ignition increases the likely hood of
inflammation and therefore assists in decreasing start time and separation of the
single fuel-air injection event into two separate fuel-air injection events theoretically
assists in fuel vaporization and reduces fuel spray impingement on the piston crown
associated with late injection through reducing the fuel mass injected in the late
(second) injection event. For ignition system, multi-strike ignition system with high
power (high energy and short duration charges) significantly reduce start times
compared to standard inductive electronic ignition system.

17+C

-15°C

Figure 2.9 Ensemble averaged images of Mie Scattering with different temperature[15]

Takashi Tsunooka et al. (2007) [16] have interested on high concentration
ethanol effected to SI engine cold startability. The researchers were to optimize
valve timing in order to investigate on the effect of compression peak temperature
then using AVL-BOOST software. Engine model was built to simulate the
characteristics of airflow into the combustion chamber and investigated under the



28

same compression peak temperature with difference in reid vapor pressure. The
results can be concluded that the concentrated ethanol fuel application with spark-
ignited engine, boosting the fuel vaporizability is more effective than raising fuel
deliver pressure in order to improve the cold startability. Therefore, addition of
gasoline (E85) radically improves its cold startability compared with E100. Moreover,
valve lifting and timing control successfully improves the cold startability due to the
increase in compression peak temperature. WT enables intake and exhaust valves to
open and close at different points of time and lifting height according to the
conditions and needs of the engine. This technology is already widespread and
Toyota has demonstrated its potential for cold starting with high level ethanol fuels.
By limiting the amount of intake air with aid of WT, the effective compression ratio is
raised and an increase in peak compression temperature (more than 100°C) was
obtained. As a result, the lower limit in terms of temperature for successful cold start
was moved downward. In case of highly concentrated ethanol fuel application in
spark-ignited engine, contribution of Butane constituent for cold start overtakes
gasoline constituents under equal vapor pressure.

During cold conditions injection of more fuel with a DI fuel system can cause
problems because the DI system is designed to operate at high pressure. During
engine start up, there might not be sufficient pressure to provide the needed
amount of fuel, in the time available for injection and the engine therefore does not
start. The time duration of fuel injection in DI engines is limited compared to that in
PFI engines, due to the risk of injecting fuel directly into the exhaust pipes.

Marriott. C.D. (2008)[17] has investigated the possibility of high pressure start
to ensure the injection of a sufficient amount of fuel. The high pressure option
enables a much shorter injection time period and makes it possible to inject fuel at
the end of the compression stroke, where the compressed air is very hot, providing
much improved fuel evaporation. High pressure start also enables better fuel
atomization, also improving vaporization. The high pressure is provided by delaying
the start by about 1 second, leaving the fuel pump time to build up pressure. The
study noted that the requirement for the extra amount of fuel at cold temperatures
with DI decreased by a factor 10 compared to PFl systems. Despite the lesser
amount of fuel required, the maximum fuel flow still constituted a limit for low
temperature start up.

Kapus, P.E. (2007)[18] study investigated the spray inside the combustion
chamber during engine start up. During starting up, DI engines can significantly reduce
the excessive amounts of fuel because of the high pressure and precise control of
the injection. Thereby DI can reduce unburned fuel emissions, which is important,
because the catalyst is not yet hot enough to reduce these emissions. In this case,
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effective reduction depends not only on high pressure injections but also, perhaps
more importantly, on the use of multiple injection strategies (fuel injection is split up
into several smaller injections).

The much lower limit obtained by fuels is due to an increased vapor pressure
through the chemical formulation of the fuel. RVP has much larger effect than VVT.
In this case, the higher RVP is obtained by adding butane to the ethanol along with
gasoline since butane was found to have a very significant impact on RVP, more than
regular gasoline constituents. The difference is so significant that hydrous E100 fuel
containing a small amount of butane would have better cold start properties than an
E85 fuel containing regular gasoline.

Silva, N.R. (2000)[19] focused on Methyl Tertiary Butyl Ether (MTBE) as a
possible solution to the cold start problem, even though MTBE has been criticized
for its unfortunate environmental properties. The results showed that using MTBE as
an additive, successful engine start could be made with temperatures down to -6°C
which is more than good enough for the Brazilian market.

Additives could very well be an important solution to the cold start problem,
but further tests, including environmental assessments, should be conducted.
However, the RVP of the gasoline used to blend with ethanol is very important.



CHAPTER 3

EXPERIMENT PROCEDURES

3.1 Apparatus and Experimental set up

This project consists of acquiring or designing and fabricating test equipment,
converting the engine to operate using E100 fuel, and cold start testing. The
instruments are installed on experimental environment described below.

3.1.1 Cold soak chamber

Design and Construction of an Environmental Cold-Soak Engine Chamber - A
cold soak chamber was designed and manufactured in order to control ambient
temperature. Figure 3.1 illustrates a conceptual drawing of this chamber. Each side of
container, including chamber' door, chamber are made from 2 sheets of stainless
steel filled with polyurethane foam which is thermal insulation. The cold soak
chamber is capable of reducing the temperature inside to at the lowest temperature
of -20 °C, however The lowest temperature in this experiment is -2 °C which is the
lowest temperature in Thailand in the past 5 years, according to the temperature
data of Thai Meteorological Department.[Appendix (]

1030 mm.

Figure 3.1 Design of soak chamber
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A refrigeration system, commonly used on beverage freezer, was purchased
to provide the chamber cooling. This system will remove heat at a minimum rate of
3000 W. From initial temperature of 25 °C is reduced to -2 °C in 60 minutes. A
photograph of the entire chamber is shown in Figure 3.2.

Figure 3.2 Photograph of cold soak chamber and tested engine

The Chamber was design 1 emitted outlet of emission to outside from the
engine in back side in order to prevent unburnt hydro-carbon or residual gases from
last combustion recirculation inside the chamber and re-combustion again. Also at
the top of chamber has 1 inlet for fresh air from outside. Fresh air is conducted into
the chamber by suction of the engine. For ventilation every after each testing — the
front door is opened for ventilation and refreshing for new fresh air.

3.1.2 Cold start program

The testing data is captured and displayed using cold start program, running
on the computer. The program communicates with micro controller device (AVR
MEGA 128) to retrieve data such as Starting time, Revolution speed of engine,
Injection duration, Air intake temperature, Mixture temperature and Engine oil
temperature. The measurement tool of temperature is shown in Figure 3.3. Figure
3.4 shows example of software interface.
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Figure 3.4 Cold start counter ctock software interface
3.1.3 Program interface

The program has status text field located at the left-bottom corner of the
program. A successfully connection between personal computer and microcontroller
board will trigger a program to change message text from “disconnect” to
“connect”. User can control a starter switch of the engine by a start button of
program and stop it by using a stop button. Green and red light indicate a status of
electric starter. A green light is shown when electric starter is operating, while a red
light is shown otherwise. The starting time counter clock will be started automatically
and stop by itself when revolution speed of the engine gets over 900 RPM which is
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an indicator that the engine is operated in normal condition. The results of
successful starting time can be retrieved from starting time counter clock displayed
on this program. On the right-handed area of the program, there is a group of
temperature displays which report information namely; Mixture temperature, air
intake temperature and oil temperature. For an ambient temperature inside cold
soak chamber is displayed by the temperature controller of refrigerator. Last, the
engine status frame, located at the bottom of the program, is designed to show
revolution speed of the engine, fuel injection duration which is also adjustable from
this program by filling the number in box of percentage to increase fuel injection in
percentage of original fuel injection signal from a main ECM.

Consider engine speed is designed at 900 RPM of engine. This point is
selected from the slowest revolution speed can start the engine. From Figure 3.5 the
period time for one rotation of engine can convert to revolution speed by F=1/T.
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2.0V

il 1 i ““ P AT R T I T

gy | I L

iz :?nmor_r ot -1.25V

| l“ A ,# 1 ;. -1.25V

65.97 mS

|

Figure 3.5 Consider engine speed at 900 RPM
3.1.4 Intake temperature sensor

An intake temperature sensor is located between a throttle valve and a fuel
injector in order to measure upstream induced to the engine. The mixture
temperature sensor is installed behind the fuel injector to measure a temperature of
mixture of fuel and air. Figure 3.6 shows a location of glow plugs which located in
cylinder head and tip of the glow plug insert through inside combustion chamber in
order to heat up mixture before combusted.
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[ Discharge Pump Type Fl System ]

Discharge Pump

Figure 3.6 Shcemetic of temperature sensors
3.1.5 The oil temperature sensor

The oil temperature sensor is immerged in oil pan pass through oil fill gap.
Figure 3.7 depicts an oil temperature sensor equipped at one end of ail level sensor.
The oil temperature represents an entire temperature of the engine and it is used as
a measurement to indicate that the engine is fully cool down and ready for testing in
the next iteration.

Figure 3.7 Oil level sensor and Oil temperature sensor
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3.1.6 Injection signal expander

The injection duration is necessary to be extended to maintain the same air
fuel ratio of ethanol as gasoline, hence additional amount of fuel needed to supply
the engine. An original injection signal from the ECU alone cannot support a fuel
consumption of the ethanol-fueled engine. The injection signal expander is
controlled by a micro controller (AVR MEGA 128) and the author’s program. The
signal can be varied starting from 0 to 100 percentages of the extra injection signal
from ECU. The injection signal expander controller is shown in Figure 3.8.

3.1.7 Injector signal driver

The signal from microcontroller normally operates at 5 voltages, however, for
injector, it requires to operate at 12 voltages to drive the solenoid inside injector. As
a result, this driver is used to step up signal voltages from 5 voltages signal to 12
voltages signal.

3.1.8 Electrical supply system

During the testing and each experimental, the voltage of battery have to
maintain constant. The electrical supply system will charge energy into the battery.

Figure 3.8 Electronic module

3.1.9 Oscilloscope meter

That measures electrical signal and frequency from sensors of engine and
ECU (electronic control unit). An oscilloscope meter is required, in order to measure
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the injection signal from the ECU to display and compare injection signal between
originat signals and extended signal. Figure 3.9 shows the oscilloscope meter.

1

10

Figure 3.9 Oscilloscope meter

3.1.10 Glow plug heater

One technique of cold start assistance is heating up combustion chamber. It
proposes to increase mixture temperature. This is very helpful for vaporization of
ethanol at low temperature because ethanol needs much of energy to evaporate
then gasoline. In this research, 60 W Glow Plug, illustrated in Figure 3.11, from a
diesel engine is utilized to increase temperature in combustion chamber. It is
installed inside cylinder head of engine as depicted in Figure 3.12. The glow plug is
located at the opposite position of spark plug and between an intake valve and an
exhaust valve. After the installation of glow plug, it is required to run an inspection
to ensure that a compression pressure of engine still remain the same as the
standard.

Otherwise in actually combustion chamber temperature is increased by
compression by piston or peak compression temperature. In term of thermodynamic
theory - Isentropic process is represented with compression stroke of engine. In
Figure 3.10 - calculation can estimate peak temperature inside combustion chamber.

Isentropic process calculation formula use:

T2=T1><7’ck_1 (3.1)
. Y. =9.6
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Figure 3,10 Estimation peak temperature by isentropic process

Figure 3.11 Heater (Glow Plug)
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Figure 3.12 Glow plug installation

3.1.11 Discharge-pump Injector

Unlike conventional injector, discharge-pump injector has a pump plunger
and regulation fuel system integrated inside the injector. If energy is supplied to a
coil of plunger for a long time, it will heat up and serve as a heater for fuel.
Therefore, holding of injection signal will increasing the inside injector temperature
overtime. In this study, the injector is called heated injector in case of cold start
assistance. Figure 3.13 shows a body of injector installed with intake manifold runner
and virtualizes details inside the injector.
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Figure 3.13 (a) Heated injector, (b) Cross section of injector

3.1.12 Compression tester

To measure compression pressure inside combustion chamber and inspect
the modified engine when installed the glow plug. The compression pressure in
compression stroke of the engine is an important property which must be kept
constant because a compression pressure of compression stroke has an effect to
peak combustion temperature of the engine which reduces starting time since higher
temperature in combustion chamber will raise up vaporization rate of fuel. Figure
3.14 shows an example of compression tester.
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Figure 3.14 Compression tester

The compression - pressure of a cylinder is a key indicator of its internal
condition. The decision to overbaul the cylinder is often based on the results of a
compression test. Periodic maintenance records kept at dealership should include
compression readings for each maintenance service. The standard limit is 800 — 1200
kPa (8.0 - 12.0 kef/cm’).

3.1.13 Humidifier

The ultrasonic humidifier was used to mist ethanol fuel in order to assist
vaporization of ethanol. The specifications of humidifier are 105 W, mist volume 240
mU/hour. Two humidifiers were used to ensure that sufficient ethanol mist was
supplied to the engine. Figure 3.15 show body of humidifier.

Figure 3.15 Humidifier 40 mU/minute
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3.2 Testing engine

The injection system engine, Suzuki model skydrive 125, is selected as a test
bed for this experiment because component of this engine is a signal cylinder that is
easy to modify and keep in good condition, low heating capacity making it takes
short time to cool down and, more importantly, currently use in Thailand.

Table3.2 shows its specification and Figure 3.16 The testing engine inside cold
soak chamber depicts the tested engine located in cold soak chamber.

Table3. 1 Testing engine specifications[26]

Compression ratio
Fuel system

Air cleaner

Start system
Lubrication system

Idle speed

Electrical

Ignition type
Ignition timing
Spark plug
Battery

Generator

Description Specification
Brand SUZUKI
Model UK125FS (Skydrive)
Type Four stroke, forced air-cooled, OHC
Number of cylinders Single cylinder
Bore 53.5 mm.
Stroke 55.2 mm.
Displacement 124 cm’

96:1
Fuel injection
Polyurethane foam element & paper
Electric
Wet sump
1600 + 100 RPM

Electronic ignition (Full transistorized)
10° B.T.D.C. at 1600 RPM
NGK CR6HSA or DENSO U20FSR-U
12V 12.6 kC (3.5 Ah)/10 HR

Three-phase A.C. generator
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Figure 3.16 The testing engine inside cold soak chamber

3.2.1 Fl system technical features

3.2.1.1 Injection time (Injection volume)

This factor determines the injection time which is calculated from the
basis of intake air pressure, engine speed, throttle opening angle, and various
compensations. These compensations are determined according to the signals from
various sensors detected from the engine and driving conditions.

3,2.1.2 Compensation of injection time (Volume)

The following different signals are output from the respective sensors for
compensation of the fuel injection time (volume) - Injection stop control, Signal
description, Engine temperature sensor, Intake temperature, heated oxygen sensor
signal, Acceleration/deceleration signal and starting signal. When engine and intake air
temperature are low, injection time (volume) will be increased in order to raise
amount of fuel vaporization. Figure 3.17 shows a trend of fuel compensation for
engine temperature. Heated oxygen sensor signal-Air/fuel ratio is compensated to the
theoretical ratio from density of oxygen in exhaust gas. The compensation occurs in
such a way that more fuel is supplied if detected air/fuel ratio is lean. Or less fuel is
supplied, if it is rich. When starting engine, additional fuel is injected during cranking
engine and during acceleration, the fuel injection time (volume) is increased in
accordance with the throttle opening angle and engine r/min. During deceleration,
the fuel injection time (volume) is decreased.
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Figure 3.18 depicts fuel injection compensation related with oil temperature.
Otherwise, injection duration is compensated by engine oil temperature. Oil

This materi o) ywed for commercial use.

Forl t, an e the d ent v use.
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temperature is one parameter represent engine temperature. In lower temperature
vaporizability is poor. Compensation with oil temperature can achieve startability
workable in low ambient temperature.

Fuel injection drive current signal - ECM detects this current and
compensates the injection time (volume).

Figure 3.19 shows schematic of ECM interface with sensors.
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Figure 3.19 ECM and sensors diagram([26]
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Figure 3.20 Injection duration compensation with surrounding temperature



42

3.3 Testing Fuel

This experiment focused on gasoline, gasohol (gasoline blend ethanol) and a
neat ethanol (C;HsO). The commercial ethanol, 99.5% purity, was bought form Thai
Agency Company and all of fuels properties are exhibited in Table3. 1. The
commercial gasoline and E85 were bought from Petroleum Authority of Thailand
(PTT) Plc. (Thailand) to ascertain their properties meet the regulation of Department

of Energy Business, Ministry of Energy, Thailand as displayed in Appendix.

Table3.2 Fuels properties[27,28,29,30]

Properties Gasoline E85 Ethanol
Formula (for C=1) CH1.814 CH2.800.4 CH300.5
Molecular weight 100-105 n/a 46.07
Carbon Content, %wt. 85-88 55.36 522
Hydrogen Content, %wt. 12-15 12.89 131
Oxygen Content, %wt. 0 31.75 34.7
Density kg/l 15 °C 0.69-0.79 0.783 0.79
Viscosity (cST) 0.4-0.9 (20°C) n/a 1.52 (16°C)
Boiling point, 1 atm (°C) 27-225 n/a 78.4
Vapor pressure, kPa 58.8 a4.4 17
LHY, M 322 239 213
LRV, MJ/kg 42-44 31.86 26.9
Heat of vapor (kJ/kg) 305 610-762.5 840
Flash point, °C -43 n/a 13
Auto-ignition t, °C 257 n/a 423
Flammability limit, vol%

Lower 14 n/a 4.3

Higher 7.6 n/a 19.0
Stoichiometric A/F ratio 14.7 9.47 9.0
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Properties Gasoline EB5 Ethanol
Octane number
Research 97 101.6 107
Motor 80-90 91.1 92

Carbon Dioxide Emission (kg/kg
fuel)

3.18 2.026 191

3.4 Methodology

During the test, data was acquired with the use of micro controller device
that communicates and displays values read by the computer. For consistency in
analyses, additional parameters were measured and recorded. These additional
parameters are listed and explained below and Table3.3. The testing engine was
operated by

- Crank Start: The first time that engine starts to rotate, the engine speed (RPM)
is recorded by micro controller.

- Engine Start: The ignition occurs, the engine speed (RPM) reaches 900 rpm
and remains above that value.

Table3.3 Testing conditions

Surrounding temperature -2t0 25°C

Fuel type EO, E85 and 100

Amount of fuel injection 100, 110, 120, 130, 150 and 200 %
Glow plug

. Injector heater
Cold start assistance ) ) .8
Pre-cranking (cranking w/o injection)

Fuel humidifier

Before observing each of the tests, all of the tested systems especially all
temperatures have to be checked. The test engine was initially cool down in the
tested ambient temperature condition, as checked by oil temperature, air intake
temperature and mixture temperature. The oil temperature represents inside
temperature of the whole engine to ensure that the engine (cylinder head, piston
and combustion chamber) and oil temperature were equal to the tested
temperature condition. Then, for preventing damage from too long cranking with
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electric starter and relay start. The longest period of each starting is limited to 10
seconds and then immediately restart it. When the engine can be started, the result
(starting time) was recorded and shown by the program. Each condition was repeat
tested more than 3 stability results. The detail was shown in flow chart as Figure
321
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Figure 3.21 Experimental flow chart



CHAPTER 4

Effect of ethanol and Gasoline blends to cold
starting

Investigation of an effect of ethanol blended with gasoline to cold starting
(Gasoline, E85, and pure ethanol or E100) is to firstly evaluate the starting time of
stroke engine using Gasoline. The result from the first experiment will be used as a
baseline for other experiments. Then, E85 and neat ethanol are tested on the same

stroke engine in surrounding temperature varied from 25 to -2 *C. which is the lowest

temperature in Thailand from past 5 years.

4.1 Result of starting time in different fuel types by conventional
engine

The result of starting time of each fuel type is shown in Figure 4.1. The bar
graphs of results are averaged starting time in second of at least three successfully
starting results. The lowest temperature results of each experimental were limited by
the voltage of battery. The voltage of battery can affect to revolution speed of
starter and energy for supply fuel injection will be rejected.
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Figure 4.1 Starting time of differnt fuel types
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In case of gasoline, the engine can start even at low temperature of -2 °C and

take about 1 second for stabilizing e for any testing conditions from 25 °C to -2 °C.
Normally, gasoline can operate at lower temperature than -2 °C without having cold

start problem. In case of E85, the lowest environmental temperature that the engine
can start at first try is at 15 °C. The engine can also start at second attempt under
10°C and 5°C. For example, Figure 4.1 reports a start time is 11.3 - 11.7 seconds at
10°C for ethanol which is sum of 10 seconds at the first try, which failed, and 1.3-1.7
seconds at the second attempt which engine successfully start. The conventional
engine can start with anhydrous ethanol normally at 20 °C but the second start is
required at 12.5 °C. It is not possible to start the conventional engine with E85 and
E100 at temperature lower than 5 °C and 10 °C respectively. At normally ambient
temperature in Thailand (25 °C or more than 25 °Q), fuel type plays no part in an
engine starting time.

After the first trial, the temperature in the combustion charmber increases due
to the compression. Then, at the second start, with an additional fuel supplied,
results in mixtures become rich enough for ignition. Basically, when a repeated start
is done during each start, test bed engine has more fuel available to evaporate and
combust; thus shortening the total starting time. This repeated start, however, is
unpleasant to the customer and results in poor hydrocarbon emissions. The battery
voltage is kept fully charged throughout all the experiments so there is no significant
variation of spark plug power. The comparison results of all test fuels in conventional
engine are shown in Figure 4.1.

Discussion of an effect of cold starting to ethanol engine on the key
properties of interest is boiling point of the fuel. Gasoline has rnixtures which are

varied from 27 °C to 225 °C where as ethanol has a single boiling point of 78 °C. The

implication of this property is that the percentage of fuel that vaporizes to form an
ignitable mixture will be less for ethanol than it is for gasoline at cold temperatures.
This issue will become worse, the further the temperature is below the lowest
boiling point of the fuel.

4.2 Effect of cold start assistance

Five methods are proposed to solve the cold start problem.
4.2.1 Effect of increasing amount of fuel injection

The first method proposed for this experiment is increasing the amount of
fuel injection in order to increase volume of fuel in gas phase. An extra fuel injection
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can increase amount of fuel in liquid and gas but cannot increase percentage of fuel
vaporization. The injection duration is increased from 10, 20, 30, 50 to 100 %
compared to the conventional one. The result of fuel injection increasing is shown in
Figure 4.2.

70 M Ethanol
100%
] Inj.
" B Ethanol
50 - 110%
~~ lnj.
D
g Inj.
; % M Ethanol
£ 20 .
8 Inj.
‘ 10 M Ethanol
150%
Inj.
0 H Ethanol
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Surrounding temperature (°C) Inj.

Figure 4.2 Compensation of ethanol injection with starting time

By increasing amount of fuel injection, the engine can start at the surrounding
temperature lowest as 10 °C by 9.4 second for 200% of original fuel injection, about
25 second for 120%, 130%, and 150%. At maximum amount of fuel increasing (200%)
can get the shortest result of starting time. For 20 - 25 °C of surrounding temperature
110% and 120% increasing amount of fuel have small effect with starting times when
compare with 100% of fuel injection with an original fuel injection system. In case of
surrounding temperature tower than 15 °C, increasing amount of fuel injection can
reduce starting time by decreasing of starting time with increasing of amount of fuel
injection. The results were drawn in Figure 4.3. When result of assistant is shown in
percentage of starting time reduction - the 200% of fuel injection is the most
effective solution at all conditions and another increasing fuel injection percentage
can reduce starting time related with increasing amount of fuel injection by more
fuel injection can correct less starting time. This solution can increase possibility of
fuel evaporation in order to increase chance of ignition starting. The reason that the
engine hardly starts at the temperature lower than 12.5 °C is the limitation due to
flash point of the ethanol (13 °C).
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4.2.2 Effect of combustion chamber temperature by heater (glow plug)

The second method is increasing combustion chamber temperature by
installing the electrical heater (glow plug) at the cylinder head in order to increase
combustion chamber temperature during starting the engine. The heater was turned
on when engine switch on, 30 and 60 seconds or 1620 J and 3240 J before starting.
According comparing the latent heat of vaporization of gasoline and ethanol, it can
be observed that the amount of energy to convert the fuel from a liquid phase to
gas phase per unit of mass is approximately three times more for ethanol than it is
for gasoline. This implies that almost three times the amount of energy will need to
be input into ethanol to vaporize the fuel droplets to form an ignitable air-fuel
mixture. Therefore the electric heater (glow plug) is proposed to maintain more
energy in order to increase percentage of vaporization from liquid phase to gas
phase. According scope of conditions, the heater is heated up at same time with
engine switch on, 30 seconds before starting, and 60 seconds before starting.

By increasing the combustion chamber temperature with electric heater (glow
plug), the results of starting time can be reduced by this method at surrounding
temperature of 12.5 °C and 10 °C for lowest testing condition of assisted cold starting

by glow plug. For 15 °C and 20 °C this can reduce by small of starting time. According

comparing the latent heat of vaporization of gasoline and ethanol included ignition
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lean limit of ethanol, it can be discussed like, the energy of vaporization at
surrounding temperature higher than 15 °C is enough for changing phase of fuel
(liquid to gas) and volume of gas fuel is sufficient for lean limit of ignition. Otherwise
at lower 12.5 °C of surrounding temperature need more energy to evaporate.

Therefore the higher of energy inside combustion chamber is significant to reduction
of starting time as shown in figure 4.4.
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B Ethanol
Glow plug
same time

Ethanol
Glow plug
30 sec
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@ Ethanol

Glow plug
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Surrounding temperature (°C)

Figure 4.4 Glow plug apptication with starting time

The results of assist cold start by glow plug were compared with an ethanol
conventional engine in reduction of starting time, the increasing of energy input
inside combustion chamber s significant with reduction of starting time when
surrounding temperature lower than 12.5°C as shown in Figure 4.4. As the result - at

lower temperature ethanol fuel require higher energy for vaporization to be reach
lean limit of ignition and at higher temperature - increasing of energy inside
combustion chamber is not significantly affect with starting time. This can explain in
energy might be enough for vaporization of ethanol reach to lean limit of ignition.

Otherwise the increasing combustion chamber temperature at 10 °C shorter time of

heating up have not an effect in same trend of 60 second for glow plug heating up.
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Effect of glow plug technique

10 M Glow
3 ‘ ——— P8
° 15 20
£
§, M Glow
] plug 30
g sec
c
§ M Glow
o]
& plug 60

-50

sec

Surrounding temperature (°C)
Figure 4.5 Starting time reduction in second with glow plug

4.2.3 Effect of injected fuel temperature

The third method is heating the injector by holding the electric supply to
heat up fuel inside before being injected into the intake port. The holding times are
10, 20, 30 seconds and wait for the time in some case by heated up time / waiting
time / and heated up again to prevent over heat is occur and for heat transferring of
plunger coil and fuel inside the injector. The result of heated injector technique is
shown in Figure 4.5.

140 M Ethanol
100%
120 Inj
< 100 M Ethanol
g Heated Injector
g 80 10 sec
=]
@ g0 Ethanol ;
£ Heated Injector
£ 20 sec
M Ethanol
20 Heated Injector
r 10/10/10 sec
M Ethanol
10 125 15 20 Heated Injector
Surrounding temperature (°C) 15/15/15 sec

Figure 4.6 Heated injector with starting time
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According to this application, the heated injector could not significantly
reduce the starting time. The reason of this effect might be concluded from the
character of the integrated pump injector, the holding time of injection signal can
heat up a coil of plunger in order to heat up fuel in the same time while fuel is
injected. Another way of this probable explanation is due to ethanol wetting on the
spark plug. The poor fuel vaporization of ethanol at low temperatures causes the
spark plug soaking with liquid ethanol during cranking and shortly after start up
before cylinder surface and spark plug temperatures rise high enough for ignition. If
the shunt resistance of an ethanol-wetted plug is less than the resistance of the air
gap then the plug will short across the ethanol causing a misfire. From another
research[14] the modified injector (injector tip heater) can raise fuel injected
temperature from -5 °C until 170 °C average heater surface temperature. It is

sufficient to start the ethanol engine at -5 °C of surrounding temperature.
4.2.4 Effect of combustion chamber temperature by pre-cranking

Forth method is the pre-cranking technique by starting the engine without
fuel injection. For the testing condition at surrounding temperature 10 °C, the starting
time can be reduced by this method. When the engine is pre-cranking started 10
second before fuel injection, the result of starting time is reduced by 14% or 11.57
sec compare with original starting and using 20 seconds of pre-cranking can reduce
starting time by 55% or 36.54 sec. The result of starting time at 10 °C when pre-
cranking technique applied is shown in Figure a.7 and

B Pre cranking 10 sec

§

E I Pre cranking 20 sec

&

{

& i Pre cranking & glow

% plug 10 sec

3

E M Pre cranking & glow
plug 20 sec

Surrounding temperature 10 (°C)

Figure 4.8.
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) B Pre cranking 10 sec
g 50 - s
é 40 - B Pre cranking 20 sec
on
&
£ 30
2 B Pre cranking + glow
20 - plug 10 sec
M Pre cranking + glow
190 7 plug 20 sec
O -

Figure 4.7 Pre-cranking & glow plug application with Starting time at 10 °C

The objective of third and forth method is to raise a temperature in the
combustion chamber to increase possibility of vaporization in order to richer of the
fuel-air mixture ratio. Then, next experiment is to combine glow plug technique with
pre-cranking technique in order to increase the temperature of combustion chamber.
The experiment is conducted at 10 °C surrounding temperature. By this combined
technique, at 10 and 20 seconds for heating up, can reduce starting time by 70 % or
46.5 sec as shown in

M Pre cranking 10 sec

I Pre cranking 20 sec

1 Pre cranking & glow

plug 10 sec

Reduction starting time (sec)

M Pre cranking & glow
plug 20 sec

Surrounding temperature 10 (°C)

Figure 4.8. However, the pre-cranking & glow plug technique results are insignificantly
different between 10 seconds and 20 seconds. It can be explained that those result
of pre cranking with glow plug at 10 second and 20 second are similar. There are no
benefits gained for a pre cranking time with glow plug supported more than 10
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seconds at 10 °C surrounding temperature because engine pre cranking air intake

absorbs energy of glow plug.

In case of pre cranking and glow plug can provide more energy input into to
the engine and can reduce with starting time result. When the ethanol engine is
started in low temperature - engine cannot start immediately because of air/fuel
ration is too lean for ignition and after motoring and heating up by glow up, ethanol
can absorb more surrounding energy to convert in gas phase and then start of
ignition is occur. That can conclude the important one parameter might be energy
for vaporization of ethanol and temperature of ignition should higher than flash point
property. By pre cranking can provide energy from friction force of motion between
piston and cylinder wall. As figure shown in Figure 3.10 that is the one reason of
thermodynamic. Top dead center temperature compare with bottom dead center
temperature by theory of thermodynamic.

0 -
e B Pre cranking 10 sec
8 -10 -
(é» -15 5 Pre cranking 20 sec
b=
on 20
[
£ 25
2 I% Pre cranking & glow
T i lug 10
S ug 10 sec
£ 35 ¥/,
=
3 -40 ¥ Pre cranking & glow
-45 plug 20 sec

Surrounding temperature 10 (°C)

Figure 4.8 Starting time reduction in second with pre-cranking & glow plug

425 Effect of combustion chamber temperature by combined
technique

When surrounding temperature at 10 °C, the shortest starting time was
achieved by increasing amount of fuel to twice of the original but the effect of
increasing the fuel was a high hydrocarbon and emission. Hence, 50% increased
amount of fuel injection was selected to combine with glow plug technique at the
same time with engine switch on by increasing combustion chamber temperature 49
% of starting time was reduced when compared with only 150% of amount of fuel
injection , which exhibited similar staring time to twice fuel injection, as shown in
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Figure 4.9. Otherwise pre-cranking is proposed to reduce the starting time in 70 % of

starting

time when compared with 100% (original) amount of fuel injection is

significant but it spends more time for starting to heat up combustion chamber.
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Reduction starting time (sec)

1 100% Inj.

B 150% Inj.

B 200% Inj.

B Glow plug 30 sec &
100% Inj.

M Glow plug 60 sec &
100% Inj.

H Glow plug same time
& 150% Inj.

& Pre cranking 20 sec &
100% Inj.

¥ Pre cranking & glow
plug 10 sec & 100 %

I Pre cranking & glow
plug 20 sec & 100%

Figure 4.9 Combined technique with Starting time at 10 °C

B 150% Inj.

B 200% Inj.

M Glow plug 30 sec

B Glow plug 60 sec

B Glow plug same time &

1509 Inj.
! Pre cranking 20 sec

i Pre cranking & glow plug

10 sec
M Pre cranking & glow plug

20 sec

Surrounding temperature 10 (°C)

Figure 4.10 Starting time reduction in second with combined technique at 10 °C

heated

Combination technique (50% increasing fuel injection, 20 second of glow plug
up and pre cranking 20 second in same time with glow plug heated up) was
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assisted cold starting problem at the lower than 10 °C of surrounding temperature.
Normally the original ethanol engine cannot start at these conditions. By this
technique the ethanol engine can start until 6 °C of ambient temperature in 58
seconds, 6.5 °C can start in 25 seconds and 18.5 seconds for start the ethanol engine
at 8.5 °C of surrounding temperature. For this combination was selected from all of
technique were used to assist cold starting that perform for starting of the engine.
The result is shown in Figure 4.11.
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N
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6 6.5 8.5
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Figure 4.11 Pre-cranking & glow plug in 20 sec. & 150% Inj.
4.3 Modification technique at low temperature

The different techniques were compared when the starting temperature at 6
°C. For 100% amount of fuel injection cannot start the ethanol engine. Hence, 50%
increasing fuel injection is the first technique was assisted cold start problem but
cannot accept in the starting time result. Then a glow plug was heated up 60 second
before the engine cranking. The result of starting time can reduce in 80 second or
64.6% when compare 150% amount of fuel injection. After that glow plug and pre
cranking technique were used to increase combustion chamber in 20 second before
the engine cranking. 65.6 second or 53% was reduced by this cold start technique.
Finally, heat up time was extended to 30 second that can reduce the starting time
by 100.6 second or 81% when compare with the first technique without attended
heated up time before engine cranking as shown in Figure 4.12.
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Figure 4.12 Different techniques at 6 °C of surrounding temperature

Otherwise heated up time was concerned for all of the time for cold starting
because is not impartial for technique has not heat up process. Firstly, when 60
second of glow plug heating up was included with starting time the result of starting
time was reduced 20 second or 16% different in percentage. The 150% amount of
fuel injection combined with glow plug and pre-cranking technigue in 20 second can
reduce the starting time around 45.6 second or 37% when compared with result of
only 150% amount of fuel injection. Last the warm up time was tensed to 30
seconds, the starting time can reduce 70.2 seconds or 57% when compared with
only technique. The result is presented as figure 4.12.

140
120
M only 150%
’g 100 -
‘é . B 150% Glow plug 60 sec
oo
% 60 - # 150% Glow plug + pre
g a0 20 sec
M 150% Glow plug + pre
20 30 sec
o -

Figure 4.13 Different techniques by included warm up time at 6 °C
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The surrounding temperature still decreased than 6 °C (The lowest land
temperature in Thailand) until 4 °C in order to find out the best solution and
minimum surrounding temperature that the ethanol engine can start. From last figure
can conclude, the 150% amount of fuel injection combined glow plug and pre-
cranking at 30 second is the best solution at all. The all of combination technique
was used to assist cold start problem. At 5 °C of surrounding temperature the
combination technique can start the engine in 42.6 second not included warm up
time and have to add 30 second for include warm up time. At 4.5 °C of surrounding
temperature the ethanol engine can start in 49.5 second and 67.6 second for
surrounding temperature cool down to 4 °C. The glow plug and pre-cranking was
increased to 40 second for more input energy. It is significantly solution because the
result of starting time can reduce 15.7 second when compared with 30 second of
glow plug and pre-cranking. But if warm up time was include in result of starting
time, the decreasing of starting time is 5.7 second. As shown in Figure 4.14.

80
W6 °C 150%
70 Glow plug +
re 30 sec
60 \
-~ W 5 °C Glow
g 50 plug + pre 30
2 sec
s 40
b4 M 4.5 °C Glow
E 30 plug + pre 30
) sec
20 -
4 °C Glow
10 plug + pre 30

sec

o

Figure 4.14 Different technigues at lower than 6 °C

At the minimum surrounding temperature is 3.5 °C that the ethanol engine
can start by all of assist cold start problem method. The heat up time for glow plug
and pre cranking was extended to 60 second and amount of fuel injection to 200%.
The humidifier also was set up for extreme case. The result of starting time at 3.5 °C
of surrounding temperature is shown in Figure 4.15. The first of all solutions is 150%
amount of fuel injection combined with glow plug and pre-cranking at 30 second can
start the engine in 99.4 second. That is too long time for starting then heated up
time was extended to 40 second in order to put more energy in combustion
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chamber. The result of starting time is 86.8 second the engine can be started and
short than last result at 12.6 second. In the same time of heat up, the amount of
fuel was increased to 200% injection in order to increase chance of fuel vaporization.
The ethanol engine can start 85 second. By this method can conclude not significant
for amount of fuel injection higher than 150%.

Finally fifth method humidifier was used for fuel atomization and reduction
energy to vaporize liquid fuel. The engine can start in 42.6 second and 56.8 second
shorter than the first method at this surrounding temperature. According to ethanol
properties in term of heat of vaporization, ethanol consumes energy to vaporize
more than gasoline in 2-3 times. The method of fuel humidifier is used to reduce
energy for evaporization and atomization.

120
B Glow plug + pre 30 sec
100 150%
W Glow plug + pre 40 sec
g 80 150%
"E" ¥ Glow plug + pre 40 sec
f” o 200%
£
§ a0 B Glow plug + pre 60 sec
200%
20 B Glow plug + pre 30 sec
150% Humidifier
0

Figure 4.15 Different techniques by not included warm up time at 3.5 °C

If a warm up time was included in result of starting time, the result of starting
time will be similar but not for humidifier method. The engine can start with a fuel
humidifier at 72.6 second when included warm up time.
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Figure 4.16 Different techniques by included warm up time at 3.5 °C
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CHAPTER 5

CONCLUSIONS AND SUGGESTIONS

5.1 Conclusions

The present study has focused on testing of ethanol and ethanol gasoline
blend in ethanol for using in a conventional spark-ignition engine to access the
limitations of this engine type and fuel properties. The conventional engine was run
with ethanol fuel in the cold soak chamber at low temperature. The engine was also
modified to overcome the cold start problem when using the ethanol fuel. The
overall investigations and assistance cold-start technique used were generally
successful. This approach allows for modifications to made and tested with minimum
effort. The following conclusions and suggestions have drawn.

1. in case of E85, conventional engine can start in one time at 15 °C, and two
consecutive times at 5 °C of surrounding temperatures.

2. In case of E100, conventional engine can start in one time at 20 °C, and
two consecutive times at 15 °C of surrounding temperatures, and possible to start at
10 °C with 66 second starting time. However, the total starting time still very long
and may not satisfy the customers.

3. Double of fuel injection can start the engine with shorter starting time
when surrounding temperature is over than 10 °C.

4. Increasing the combustion chamber temperature method by glow plug and
pre-cranking technique with original amount of fuel injection make the engine
possible to start at 10 °C of surrounding temperature. The ethanol engine can start
within 30 seconds included operating time 10 seconds for warm up time. For the
most users convenient, the combination between pre-cranking with glow plug in 10
second before engine cranking was appropriated.

5. For heated injector technique, the starting time cannot be reduced for all
of surrounding temperatures, not because heating of injected fuel did not help but
rather too much fuel being injected from holding the electric supply during heating.

6. The most effective technique at 10 °C is 200% injection by 86% or 57
seconds of reduction starting time. Glow plug 60 seconds and pre cranking 20
seconds can reduced by 62% or 41 seconds and 55% or 36.5 second respectively.
Combination method of increasing amount of fuel and increasing combustion
chamber temperature yields similar staring time improvement to doubling of fuet
alone and can start the engine can start in twice consecutive times at 10 °C of
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surrounding temperature at 125 seconds since attempt to start the engine by
combination technique of pre-cranking, glow plug 40 seconds and doubling amount
of fuel injection.

7. Atomization and extra fuel from humidifier can reduce the engine cranking
time of ethanol engine at 3.5°C of surrounding temperature. Thus, according
Thailand’s minimum temperature, the ethanol engine can be started throughout
except at some mountain during winter.

8. By using glow plug and pre cranking technique with 150% of injection
makes the engine possible to start at 6 °C. The ethanol engine can start within 53
seconds included waiting time 30 seconds for pre cranking and glow plug.

9. The ethanol engine can start at 3.5°C using combination techniques of
using humidifiers, 150% fuel injection, 30 seconds pre-cranking and glow plug. The
minimum total starting time at 3.5 °C for this study is 82.6 seconds.

5.2 Suggestions

Although this work is finished, it is only the first step towards to use
ethanol/gasoline blended and ethanol in the gasoline conventional engine. in order
to promote the use of ethanol/gasoline blended and ethanol fuel in gasoline
engines. Even though the result of this experiment may not be enough to solve the
cold start problem in all of Thailand’s condition, according to temperature history
data of capital town in Thailand, ethanol engine can be used without cold start
problem by combination method. There are some suggestions that the following
opinions have been provided the further work to study as follow:

- According to heated fuel injector result is not significant but main idea of
heated injector is not so bad. But limitation of this study and experimental set up
(integrated pump injector) cannot control heater and fuel injection signal separately
that the heated injector should be modified more than this.

- Other parameters such as strength of spark, enhancing the fuel evaporation,
starting motor or combination of all techniques should be studied in the further
stage.
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'Strategy for Gasohol Promotion

K NEPC Res.
. 16 Nov 07

‘NEPC = National Energy Policy Council

Tty

Phase Phase 11
eplacemé : bh.Mandate

-Govt promoted sale
-Spec. of Gasohol 95 and 91
Formulated policy on “Defined gasohol use in Spec. of
fade out MTBE in ULG new vehicle procurement
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* Energy Saving and Environmental Tax Incentive ** Municipal Tax calculate from Excise Tax
** E20 5% reduction from normal rate (ex. Normal rate of P-car 2,000 cc. is 30%, E20 is 30-5 = 25%)
Source: T. Boonyamarn, Expert meeting on Survey Analysis of the Road Transport Sector for Reducing CO, Emission, Bangkok, 15 Feb 2011
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Standard and properties of fuel
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13 | & (1) nFeudioy
(Colour) fuanfanm
13.1 tlinaned {u? ﬁu" .10 A ofmniniu
(Hue) mmpwfn
132 dled fnfnfuians Yidnd 40 10.0 10.0 - il
(Dye. mg/t) TneM¥fazay
TuthuTurieu
matiand el
i
fvun ufia
urrqueniuly
Mg
Anfiinascy
ASTM D 1500
ufanraiitie
Fagarum vie
{2) ASTMD
2392
14 |t fevnslpminin Tigenda 07 0.7 07 or ASTM E 203
{Water, %wt.)
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TTuufnbeaeds 10 .
"y $hn il
Fartwnn : pon 95 . Tnnneut
mz @M | eenmu 91 — — uialeaedt 20
iafi 1 | wisn2
15 | mmsaudasanm feunzlnvrfinazs Lo 9 9 9 19 ASTM D 4815
{Denatured Ethanol, %vol.} 13,4
iganh 10 10 10 20
)
16 | sreanTisuuntu ASTM D 4815
Wil unanchasuaneiuinmgsiandanu
{Oxygenates)
17 | fmenusidlFlnng . . neaafiiiafion
Dursavadle Tigu Blusndu wacbifimsusuany
(Appearance) L]
18 | flamdausis ApumaRszirnimmnnzein
(Detergent Additive)
18.1 Waiim WiublrunlifumueivasuaneiuAnsugiandanm
(Port Fue! Injector)
182 Aulod WdulmaAkTummadiususneduAnsugrimdann
(Intake Valve)
19 | amiduusisau (il WlilnusitliFumshasusneiuAnmgsiandanu
(Additive)

wtn Y Fimaneren AR o TR wiunsdRide il ER s lunoasoautmteil
2/ wassuamznIdimANSNRILA (Additive) ﬂimqﬂaaﬂa&sﬂmu&lnneu
¥ Whindufiteudimednnnngu ASTM D 1500 liigen1 05 anafiumnlzznaufsenn 1,4-dalkylamino
anthvaquinone uN: 1,3-benzenediol, 2.4-bisl(alkyipheny) azo-] Tidnsou 9:4 Tatiwin wis\¥Eardauunnsng
andidnnaflh wikedimudredfouhdSmnmgniitauniihdu w:Binsssusm (1) ¥s @)
& Wiuanduiiimmdimednuanazgu ASTM D 1500 bigind10.5 raufuminisznewnlszum 2-naphinalencd
[{phenylazo) phenyl] azo alkyl derivatives ua¥ 1,3-benzenediol, 2,4-bls [{alkylphenyl) azo- ) lutimagan 1:3 lag
thwln lsHEmdunnhenndiduefA uifedirrndimeffiounhiRanag ey uarld

Anansumu (1) wle (2)
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A, b&da
. : vt -~
2Eme foimun gt WRaivaadE 65 TEvmaoy”
1 Aeannd (Octane Number)
1.1 3141 (Research Octane Number ; RON) ASTM D 2699
(1) fudndamhe o grdaioy Wit 95.0
) féwin Bifnd 846
1.2 TaufiSuswnd (Motor Octane Number ; MON) ASTM D 2700
(1) fudndnmie o yadaoy Widndn 85.0
@) i Wifn 84.6
2 |t nfivAng higuna 0.005 ASTM D 5059
{Lead, o)
3 sz FevazTngninmin ASTM D 2622
(Sulphur, Yovrt.)
Aot 1 unsImY WA, 2555 Liganda 00125
Rausiiit 1 unmmu e, 2555 el bigerd 0.005
4 rioavinfn nfi/ang Yigandn 0.0013 ASTM D 32317
(Phosphorus, (7]
5 mafinnfeuuduiuy Ligerrin R GUTEL R ASTM D 4814
{Sitver Strip Corrosion) {ANNEX A)
] wivsnwremsfimljideantied  uii L 360 ASTM D 525
(Oxidation Stability, minutes)
7 sawmtis fnfnfy100 Gadder | higendn 5 ASTM D 381
(Solvent Washed Gum, mg/100mL)
8 manifu wAngnides ASTM D 86
(Distittation, °c)
8.1 qaipnagaine Tigendn 200
(End Point)
82 nminii foonclaerffuas ganda 20
(Residue, Y%vol.)
9 narudule o qomgll a7.8%.  Alndhaaia i 35 ASTM D 4953
(Vapour Pressure@37.8°C,  kPa) unz
Ligendn 70
10 iy fonnzlnetiurny igandn 1 ASTM D 5580
(Benzene, %vol.)
1 osinnfin SounzlngrfFums higenda 35 ASTM D 5580
(Aromatics, %vol.)
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(
mume $erimiun Sanguin i Ainanau¥
wiinltoedd 85
12 fauafiu forncTaurSunr ASTM D 6839
(Olefing, %vol)
foudul 1 unmAy WA, 2555 - -
R 1 snmn w2556 sl Tigarvia 18
13 d
Tran
(Colour)
14 h Sopnslaetinnin Tigandn 0.7 ASTM E 203
(water, %wt.)
15 wnranaslasamn hoonclnefBung Yisndn 75 ASTM D 5501
(Denatured Ethanol, %vol.)
16 IsTnsanfuewedvhin Binef  faenclamfFuans Ysisnda 14 [(100 - (water + alcoho}¥
(Hydrocarborvaliphatic ether %vol.) URY
Taigand 25
17 Brea fevaclnenfanng Ligenda 05 ASTM D 5501
(Methanol, %vot.)
18 ueanpeedTii U sy JeenclamBuns Taigendn 20 ASTM D 4815
azneuRus 35 azpe
{Higher (C,-C,) alcohols %vor.)
19 nsafunte Anaonllunaesdiin - Arfniiing Taiganda 30 ASTM D 1613
(Acidity, es acetic acid mg/L)
20 analsAailunid Anfndufons Tlgandn 1 1SO 6227
(tnorgenic chloride mg/L)
21 msuilunsa-gn Tignda 6.5 ASTM D 6423
{pHe) usy
Taigansn 9.0
2 noUMm SefnsuAlontu slganda 0.07 ASTM D 1688
(Copper mg/kg)
23 fnwauilushinng Pursswels Buondy | aneRdedozeem
{Appearance) Lijuuachifimsurruase
24 fiamiaudy AlguanRoskroimunsean
(Detergent Additive)
24,1 Yatm Wilulime A um saivssunneiuAnsghimienu
(Port Fuel Injector)
262 fulled Wiyl dumamiuteuaineiuAnsugsiiangenu
(Intake Valve)
25 arniausiviu (i) Wi laudAfumsaiursuvnoiuAnngafindenu
(Additive)
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N.A, 2548
runts | dedomua Snsgedin ABnnany’

1 Vhnuenusnuavuecnesedmistudaiiienuau | alindn 99.0 EN 2870
mfusuasengenduemunn Fouselavfivang Appendix 2
(Ethanol plus higher saturated alcohols, %vol.) Method B

2 | Wluesnenedaiindusaiiidnouafueuemen | ligendn 2.0 EN 2870
Faudl 3- 5 azmen fousclam/fnas Method il
{Higher saturated (C,-C;) mono alcohols , %vol.}

3 | wmauen feusrianffunme | bigenda 0.5 EN 2870
(Methanol, Y%vol.) Method Il

4 tawmtien findnis1ooiadans | ligenda 5.0 ASTM D 381
(Sotvent Washed Gum, mg/100mL)

5 |w Fouaglaginnin algandn 0.3 ASTM E 203
(Water. %wt)

6 anglsdniiuvidd fiadniufing higendn 20 ASTM D 512
(Inorganic chloride, mg/l}

7 | nouaa dadnfuilanty algenda 0.07 ASTM D 1688
(Copper, mg/kg)

8 | mmihinsadwnanilunsaeriitn dsdnfifar Tadganda 30 ASTM D 1613
(Acidity as acelic acid, mo/L)

9 Ansiungs-An iiandn 6.5 ASTM D 6423
(pHe) uay

Talgendn 9.0
10 | amwdninlvifa ilasduiudruss Taigenda 500 ASTM D 1125
{Electrical conductivity. Hs/m)
1 | fnesitdang dusssmailabifu | ansfRllsdumonn
(Appearance) Tinsndu uazladl
frurounas
12 | avnFuusednih 1ﬁxﬂu1ﬂmw‘/ﬁﬁ§umﬂuLdmaumnﬁiuﬁaneﬁwﬁwm
{Additive)
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ABSTRACT

This objective of this study is to investigate
starting characteristics of ethanol at low
temperature, which is related to the cold-start
operation of engines fueled with ethanol. The
test engine is a single cylinder four siroke SI
engine which fuel injection and ignition timing
are controlled by ECU (electronic control unit).
Cold starting performance tests wene
conducted using ethanol fuel with different
purity of fuel, sumounding temperature,
compression ratio, A/F ratio, % of water in
ethancl and strength of sparking flame. The

results will show what are important
parameters effected on starfing charactenstics
at low temperature. Furthermore, optimization
for cold starting of ethanol engine is one factor
to reduce fuel consumption and emission as
well.

INTRODUCTION

All kind of vehicle engines work with fuels
produced from crude cil. However, crude ods
are running up and decrease crude oil import.
Limited energy sources warn of a potential lack
of energy in the future. So we need renewable
energy for substitute crude oils. Thailand is
agricultural country. We have a ot of
agricultural product to produce ethanol. So
ethanol is a good choice for renewable in
Thailand. And ethanol is Thailand’s policy. But
ethanol using with SI engine must modify.
Because as well known if we use ethanol with
Sl engine in the winter or low temperature the
engine is hard to start. That is the main
problem of ethanol using. So that why

Katsunori Hanamura
Tokyo Institute of Technology, Japan

temperature. Because the important problem of
ethanol fuel in S| engine is cold starting. | want
to research about problern of starting at low
temperature by vary some parameter such as
ambient temperature, A/F ratio, compression
ratio, strength of sparking flame, % of ethanol
in fuel, % of water in ethanol and have to
control voltage of battery, speed of starter and
ignition timing. What do parameters relate with
this problem?

EXPERIMENTAL APPARATUS AND
PROCEDURE

Experimental apparatus included three
major systems, i.e. the engine system, the cold
soak chamber, and microconfroller &
Instruments. The engine system used in this
experiment, whose technical data are shown in
Table 1, was the Suzuki skydrive engine.
Properties of the fuels used are given in Table
- 4

Table 1. Suzuki ification [1
Engine type SOHC 2-valve 4 strokes
air-cooled

“Displacement 124cc.

Bore x stroke 53.5x 552 mm.

Compression ratio 9.6:1

Fuel system DCPF (Discharge Pump)-

injector
Ignition system Electronic transistor
Starter Electric starter

Tﬂz.mdmmﬁh

problen B
ina it? uel properties Gasoline
At the momaent Thailand's the petroleum il | O™ CHOH C,oCy

price is very expensive. So we need renewable Molecular weight 46.07 100-105
for substitute petrob ols. But we Density, kol!. 15/15°C 0.70 0.860-0.79

need to develop or modify the engine to use for Frgezrugmnt."c :’1814 -2470

renewable energy. Particularly start at low Boiling point, °C -225
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Fig.1 Schematic diagram of the experimental
system

Design and Constuclion of an
Emnwironmental Cold-Sosk Engine Chamber -
An ernwironmenial coki-sosk chamber was
designed and built in omder to provide
controlled condifions for festing E100 engines.
A concepiual drawing of this chamber is shown
in Fig. 2. The walls, floor and ceiing of the
chamber are made from three layers of
standard building foam board insulation
partially encapsulated in sheet siginless steel
fo add durability. Chamber can operate the
lowest temperature @ -10 °C that temperature
lower than the lowest tesfing temperature (-2
*C)

1930 mm.
Fig. 2 Schematic of Cold-Soak Chamber

In the S| engine used, the air and fuel are
mixed together in the intake port system prior
to eniry fo the engine cylinder by using a fuel
injecior. The engine under the invesligation
was tested with original DCP (Discharge
Pump}injeclor (Fig 3). Then. the injeclion
duration was adjusied to be able to use ethanol
as a fuel Then, the ECU (Electronic Control
Unit) need a sub module to adjustable the
riecinndm-im.
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controller device that communicates and
displays values read by the computer. For
consistency in analyses, additional parameters
were measured and recorded. These additional
parameters are listed and explained below.

Crank Start: First time the Engine Speed
(RPM) recorded by micro controller was more
than zero.

Engine Start: The Engine Speed (RPM)
reached 800 rpm and remained above that
value. Engine oil Temperature, Air intake
Temperature, Mixing Temperature, Duration
Injection and Battery Voltage: as read from my
cold start timer program.

To eliminate the detrimental effects of changes
in battery voltage at cold temperatures, the

battery was continuously charged to maintain
the same voitage during each test

RESULT AND DISCUSSION

Following experimental the starting time of
EB85 and pure ethanol compare with the
conventional fuel in same condition the result
shown in (Fig. 4, 5& 8)

[e%% WNCQHEOBCREC ObE -TE]

Fig. 4 Experiment result graph between
starting time of E0 VS surrounding temperature

Time (sec)
.g‘:,z.;..
&

Sguegncgsc €

Fig. 5 Experiment result graph between
starting time of E85 VS surrounding
temperature

March 30 - April 3, 2000.  BITEC, Bangkek, Thailand
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Fig. 6 Experiment result graph between
starting time of E100 VS surrounding
temperature

There are a few possible reasons for the

data wvarations. These include: test
inconsistencies, battery voltage, sumounding
temperature, air intake temperature, and oil
temperature. At 5, 10 degree Celsius of E85
and 15 degree Celsius the engine start in twice
times which each time spend 10 seconds,
So when a re-start occurs during the test,
additional fuel prime pulses are added during
the start, which results in richer mixtures.
Basically, when a re-start is done during a test,
the engine has more fuel available to
evaporate and combust; thus shortening total
cranking time. This re-start, however, is
unpleasant to the customer and results in poor
hydrocarbon emissions. The battery voltage
was easiy controllable and the battery was
fully charged throughout all the experiments so
it did not vary significantly. The temperature of
the fuel will influence the amount of fuel vapor
that will be produced. A higher fuel
temperature will produce more fuel vapor and
thus will assist the cold start.

In the worst case the engine can not start
when surrounding tem below than 0
degree Celsius for E85 and below than 10
degree Celsius. These result were integrated in
Fig.7

Comparkon graph of $tarting time
—t ——— e
¥
s [  Gasoine
i, - s
P 4 EMD

!

- e

i v r v
L] ” L] x ] ]
Surrounding Temp. (C)

Fig. 7 Comparison graph of gasoline, E85 and
E100 VS sumounding temperature
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From comparison graph can
problem occur when we use alcoh
surrounding temperature below than 10 degree
Celsius then we find out the solution fo solve

see the
ol fuel at

sumrounding temperaiure cool down to O
degree Celsius. The result shown in Fig.8

Starting time (E100) increase amount of Tusi

NMMQ
L L R |
Fig. 8 Experiment result graph between
starting time of E100 increase amount of fuel
VS susrounding temperabure

CONCLUSION

From result of experiment

- When the ethanol blend in the fuel. Ethanol
can effect about Starting time of the engine.
That from characterstic of ethanol which is
disadvaniage when compare with gasoline
sbout wvaporization properfies such as raid
vapor pressure, boding point and flash point.

- For E85 the effect of cold start occur when
surrounding femperature is lower than 15 deg
C but can start in many times until 5 deg C. in
this case solufion is increasing injection
duration. it's enough for EBS when we use in -
2 degree Celsius for surmounding temperature

- For ethanol the effect of cold start ocour
when surmounding temperahure is lower than 20
deg C but can start in many times undil 15 deg
C. But for solution of this case can start only 0
degree Celsius in this time

in another way if injection duration was
increased more than this. May be this problem
does not occur.

- If heater was installed at intake port @ 40
deg C the ethanol engine can start in many
fime at 10 deg C.

March 30 - April 3, 2000, BITEC, Bangkok, Thailand

ACKNOWLEDGE

Thank you Suzuki company for supporting
laboratory of KMITL, Mr.Naren Chaithanee for
L "

REFERENCES

[1] hitp/iwew the-cycle com

[2] Fikret Yuksel, Bedri Yuksel “The use of
ethanol-gasoline blend as a fuel in an Si
engine”, Renewable Energy 28 (2004)
11811101

[3] Gregory W. Davis, Edward T. Heil, Ray
Rust “Ethanol vehicle cold start
improvement when using a hydrogen
supplemented EBS fuel” Kettering
University Fint, Mi



87

The 1st TSME

International Conference

on Mechanical Engineering
LRy ([ SME-ICOME)

Ins b b ioe of

MECHANICAL
ENGINEERS



88

The First TSME Internatonal Conference on Mechanical Engineering
20-22 Ociobaer, 2010, Uban Ratchathani

AT

TaAME - IEOME

Starting Characteristics of an Engine using Neat Ethanol

M_lm'. Chinda Charosnphonphanich”*. Pongsak Kummool .
Nuwong Chollaooop’ and Katsunori Hnnnmnn‘

" TAIST Tokyo Tech Autcenosive Enginesring Program, intematicnal College, Kirg Mangkul's instusite of Technalogy Ladkrabang
¥ Fatully of Engineering, King Mongkut's Instrute of Technology Ladkrabang, kohehind@kmitl.ac th®
* Nations Metal and Maserists Technalogy Canser (MTEC), NSTDA, Pathumthani, Thailand 12120
* Research Center for Carbon Recyding and Energy, Tokyo instiute of Technalogy. Japan

Abstract

The objectives of this sludy are lo invesligale starting characleristics of ethanol at low
temperature, and find out a solution for cold starting problem, which is relaled to the cold-start cperation
of engines fueled with ethanol. The tesling engine is a single cyfinder, four sirokes S engine with fuel
injection and ignition timing system being controlled by ECU (electronic control unit). The cold slarting
performance lests were conducied using ethanol fuel with different percentage of ethancl, surrcunding
temperature, heating method, and amount of fuel injection. From the experimental results, when using
ethancl fuel with conventional engine, the problem aof cold starting octurmed at surrounding temperature
lower than 15 °C and 20 °C for EBS and E100, respectively. Increasing of injection duration can lower the
possible cold start lemperalure of neat asthano! fo 10 °C; whereas, glow plug and pre-cranking heating
methods can make the engine start al 10 °C and 125 "C respactively. These findings could be
considered as solutions fo the cold slart problem in engine fuelled with pure athanol fuel in Thailand.

1. Introduction
For many decades, all kind of vehicle

fuei characteristics when compared with
petroleum-based fuels. One of the major

engines work with fuels produced from crude oil.
However, crude oils are running oul and many
countries want to be independent of crude oil
import. Limiled energy sources have warned a
polential lack of energy in the future so we need
renewable energy lo subslitule crude oils.
Thailand is agricultural country with a lot of
agricultural product as sources for ethanol
production. The ethanol is a good choice for
renewable energy in Thailand. However, alcohol
fuels exhibit numercus differences in their motar

differsnces between the fuels is the vapor
pressure and heatl of vaporization. The low
volatility and high lalent heat of vaporization of
alcohol fuels result in 8 low vapor pressure at
lower temperatures. This severely reduces the
cold start performance of an alcohol-fusled
vehicle as compared 0 a gasoline vehicle.
Normally, vapor pressure of fuel should be high
enough to allow good start at cold condition.
Simultaneously, it should be low enough lo
guarantee minimum evaporation loss. The
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European standard EN 228, ie. reid vapor
pressure (RVP) of fuel must be in the range of
45-60 kPa in summer and 60-80 kPa in winler.
[1]. The vapor pressure of ethanol blended fuel
decreases wilth higher perceniage of ethancl.
The ignition occurs when the vapor phase
mixture of fuel and air is within flammability
range. For ethanol, the vapor flammability limit of
fuel vapor/air ratioc is 4.3-19% by volume. Al
temperatures below 13° C (ethanol flash point),
the fuel vaporiair ratio of the ethanol s below
the lean limit due fto its low volatility. [3] In
conventional gasoline engines, the cold stard
problem is usually solved by over- fueling during
start up to ensure emough fuel evaporation for
ignition. Nonetheless, this technique is not
appropriate for the ethanol. In Brazil, the flexible
fuel vehicles are equipped with the second fuel
tank to be used for cold starding of neat athanol.
However, this exisling secondary fuel tank is
considered nconvenient and  unsafe for
customers. In USA and Europe, many countries
choose E&5 instead of neal ethandl to avoid the
instaliation of second fuel tank. The 15% of
gasoline in E85 increases the vapor pressure
enough for cold starting.

The current study will explore other
altemnalives to second fuel tank installation by
studying the parameters, which affect to the cold
starl characleristics. The paramelers such as
ratio of ethanol and gasoline blends, ambient
temperature, and amount of fuel injection were
axamined.

2. Experimental apparatus and procedure

Experimental apparalus is composed of
three major systems, e.g. the engine system, the
cold scak chamber and microcontroller. The
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Suzuki Skydrive engine was used as a lest
engine with the specification shown in Table 1.
The test fuels are gasoline, pure sthanol and
EB85 from Petroleum Authority of Thailand. The
properties of gasoline and ethancl used in this
experiment are shown in Table 2.

Table. 1 Suzuki Skydrive spacification

Engine lype SOHC 2-valve 4 strokes
air-cooled
Displacement 124cms.
Bore x stroke 53.5 x 55.2 mm.
Compression ratio 9.6:1
Fuel system DCP (Discharge Pump)-
injector
Ignition system Electronic transistor
Starter Electric starter
Table. 2 Properties of ethanol compared with
gasoline [2, 4]
Fuel properties Gasoline | E85  [Ethanol]
Formula (for C=1) CH,au |CH,40,,|CHO,
Molecular weeght 100-105| nia | 46.07
Density kgt 16 °C ~ |0.69-0.79] 0.7%6 | 0.79
Oxygen cont.(wt%) 0 30 35
Bolling point, °C 271225 | wia 78
Vapor pressure, kPa 588 3570 17
Heating value, MJ/A 322 239 213
LHV, kiikg 2830 | nwa | 2690
Heat of vapor (kJ/kg) 306 na | 840
Flash point, °C 43 nia 13
Auto-ignition t, °C 257 na a3
Flammability Smit, vol%
Lower 14 na 4.3
Higher 76 na | 190
Stoichiometric AF ratio| 14.7 047 2.0
Octane number
Research ar 101 107
Mator 80-90 n'a 89.7
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The temperature data and slarting time
were measured by sensors and microcontroller.
All measured dala were recorded by personal
computer as shown in Fig. 1.

Weekaing & st
By earp anr
Yevewazie
S LA L

x-- ey * 1030 mm
. . ] -
B el g Tleck |
- Fig. 2 Design of the cold-soak chamber

Fig.1 Schemalic diagram of the experimenial
setup

A cold soak chamber was designed and
manufactured in  order o conirol ambient
temperature. A conoceplual drawing of this
chamber is shown in Fig. 2 The walls, floor and
ceiling of the chamber are made from three
layers of standard building foam beard insulation
partially encapsulated in sheel slainless steel
The cold soask chamber can operate at the Fig. 3 Suzuki Skydrive engine in the cold scak

lowest temperature of -20 °C while the lowest chamber

famperature of the sionent is.- 270 Wi B During the tesl, data was acquired with the
the lowest lemperature in Thailand according to use jjof ~ micrg’) “controller  device  that

the ure data ok THai’)Meteorological communicated and displayed values read by the
compuler. For consislency in  analyses,

Department. [5]
In the test engine, air and fuel wers mixed gl o e i -
together in the intake port system prior to eniry recorded. These addilional parameters are listed

to the engine cylinder. The test engine was and explained below.

oquipped with an originel DCP (Disd » Crank Start: The first time the engine
R thantor 55 shows s Fig. 3. Then, e starts o rotate, the engine speed (RPM)
injection duration was adjusted to be able to run fohried by ssiony [ponieollor I SN
with ethanol fuel. A sub-module fo adjust the than zero.

injection duration was added to the original ECU
{Electronic Control Unit).



> r:s’;;m Stat The igniion occurs, the
engine speed (RPM) raaches 800 rpm
and remains above thal value.
» The temperature of engine oil , air
intake, and mixiure
7 Injection duration
7 Battery valtage
These data were displayed by cold starl
timer program developed by tha authors. Fig. 4
shows example of software interface. In order o
gliminate the detrimental effects of changes in
battery voltage al cold temperatures, the battery
was continuously charged to maintain the same

TEME -

voltage during each tesl.
&Gk AT | =R
Ny %4 mul el
Gt med Sy R
L
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Fig. 4 Program inlerface

The variable parameters were ambient
temperature, lype of fuels, amount of fuel
injection, and cod start solutions. The ambient
temperature was changed from -2 to 25 °C
according to the temperature data from Thai's
Meteorclogical Department [5]. The test fuels
were gasoline RON91, EBS5, and anhydrous
ethancl. Injection duration was increased from
10%, 20%. 30%, 40%, 50% to 100% in order to
compensate the lower energy content of
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anhydrous ethanol. For the cold slart, solutions
were explored an electric heater (glow plug).
heated injector, and pre-cranking.
3. Result and discussion
The conventional gascline engine was
run with test fuels at different lemperatures. The
starfing time of each fuel are shown in Fig. 5.

Gasoline

==5

- CE T
B / ¥

Starting time (sec)
o HHE&ES88d

20 & 1w 18§ 20
Surrounding temperature (T)
Fig. 5 The starfing time of conventional engine
with different fuels

In case of gasoline, the engine can start
even al low temperature of -2 °C. In case of
EBS, the engine can start one time at 15 °C. The
engine can also start at 10°C and 5°C under the
condition of two conseculive starts. For example,
the time for 1" trial start &L 10°C is 10 seconds
and the 2™ start is 1.3-1.7 seconds so Fig. 5
shows 11.3-11.7 seconds for 10°C. The
conventional engine can siarl with anhydrous
ethanol normally at 20 °C bul the second start is
required at 15 °C. It is nol possible to starl the
conventional engine with E85 and E100 at
temperature lower than 15 °C and 20°C
respectively.

After the first trial start, the temperature
in the combustion chamber increases due fo the
compression. Then during the second start, the
additional fuel is supplied, which resulls in richer
mixtures enough for ignition. Basically, when a
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re-slart is done during a test, the engine has
more fusl available lo evaporate and combust;
thus shorlening the total slarting time. This re-
slart, however, is unpleasant to the cusiomer
and resulls in poor hydrocarbon emissions. The
ballery wvollage was kept fully charged
throughout all the experiments so there was no
significanl varistion of spark plug power. The
comparison resulls of all test fuels in
conventional engine are shown in Fig. 5.

Four methods were proposed o solve
the cold stard problem. The firsst mathod
proposed for this experiment was increasing the
amount of fusl injection. Tha injeclion duration
was increased from 10, 20, 30, 50 to 100 %
compared lo the conventional one. By increasing
amount of fuel injection, the engine can start et
the surmounding temperalure low as 10 °C. The
result of fuel injection incraasing is shown in Fig.
6. The reason thal the engine hamdly starls at
the lemperature lower than 1285 *C is the
limitalion dus lo flash point of the slhanol (13
*C). The second method was increasing
combustion chamber lemperature by instaling
the elecirical healer (glow plug) at the cylinder
head. The heater was heal up at same time with
angine switch on, 30 seconds before start, and
60 seconds before slart. By increasing the
combustion chamber lamperature, the engine
can start al 10 *C, as shown in Fig. 7.

The thid method was healing the
injector by holding the eleciric supply o heat up
fusl inside baefore being injected into the intake
port. The holding limes were 10, 20, 30 second
and wait for the lime in some case. The result of
heated injector technique is shown in Fig. 8.
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According to this application, the heated injector
could not reduce the starting time.

10 125 15 20 -]

Sumounding temperature ("C)
Fig. 6 The slarting time of E100 wilth increasing

amount of fusl

starting tme (sec)
o & B W& B 83

“ 128 15 20 0

[Ehanal |
eahed
b4

| @z
Feuted

L =
)
g =
&0
i,. T
“ -
20 oy
> | inans
o
1w 125 15 o 4"'
Surmounding temperature (T)
Fig. 8 The slarting time of E100 with heated
injacior lechnique

The last method was Ihe pre-cranking
lechnique by staring the engine withoul
injaction. For the testing condilion al surrounding
lemperature 10 °C, the slarting time can be
reduced by this method. With combinalion of
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re-slart is done during a test, the engine has
more fuel available lo evaporate and combust;
thus shorlening the total starting time. This re-
slart, however, is unpleasant to the cuslomer
and resulls in poor hydrocarbon emissions. The
ballery wvollage was kept fully charged
throughout all the experiments so there was no
significant variation of spark plug power. The
comparison rasults of all test fuels in
conventional engina are shown in Fig. 5.

Four methods were proposed fo solve
the cold start problem. The firsst mathod
propased for this experiment was incraasing the
amount of fuel injection. The injection duration
was increased from 10, 20, 30, 50 to 100 %
compared Io the conventional one. By increasing
amount of fuel injection, the engine can start st
the surrounding temperalure low as 10 °C. The
result of fuel injection increasing is shown in Fig.
6. The reason thal the engine hardly starls at
the lemperature lower than 125 "C is the
imilation due lo flash point of the ethanol (13
*C). The second method was increasing
combustion chamber lemperature by inslaling
the elecirical healer (giow plug) al the cylinder
head. The heater was heal up al same lime with
engine switch on, 30 seconds before starl, and
60 seconds before slart By increasing the
combustion chamber lemperalure, the engine
can start al 10 *C, as shown in Fig. 7.

The third method was healing the
injector by halding the elaclkric supply lo heat up
fuel inside before being injected into the inlake
port. The holding times were 10, 20, 30 second
and wait for the tlime in some case. The result of
heated injector technique is shown in Fig. 8.
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According to this application, the heated injector
could nol reduce the starting time.

0
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Surmrounding temperature (*C)
Fig. 6 The slarting ima of E100 with increasing
amoaunt of fusl
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Fig. 7 The starting time of E100 with glow plug
technique
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10 125 15 20 :"
Sumounding temperature (T)
Fig. 8 The starting time of E100 with heated
injector lechnique

The last method was the pre-cranking
lechnique by staring the engine without
injection. For the testing condition al surrounding
lemparature 10 °C, the slariing lime can be
reduced by this melhod. With combinalion of
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mathod. Other parameaters such as sirength of
spark, enhancing the fuel evaporalion, slarting
malor or combinalion of all techniques shauld be
sludied in the further stage.
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Low Temperature Starting Techniques for Ethanol Engine without
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ABSTRACT

The present smdy aims to mvestigate the parameters
affecting cold start characteristics of ethamol a¢ low

tempersture, and suggest a sohition to aveid cold starting
problem without the installation of second fuel rank. The

testing engine is a 125 CC. volume displacement, single
qﬂzhmﬂmmmmm
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pressure and heat of vaporization. The low volatility and
high latent heat of vaporization of alcohol fuels result m a
low vapor pressure at lower temperanures. This severely
reduces the cold start performance of an alcohol-fueled
vehicle in comparison 10 a gasoline vehicle. Normally,
vapor pressure of fuel should be hizh enough to allow good
start at cold condition. Simmitsneously, it should be low
enough to gunarsnter munimwm evaporation loss. The
European standard EN 228, ie. reid vapor pressure (RVP)
of fuel must be in the range of 45-60 kPa in summer and 60-
90 kPa in winter. [l] The vapor pressure of ethanol blended
fuel decreases with higber percentage of ethanol. The
igntion occurs when the vapor phase mixtare of fuel and air
is within flapumability range. For ethanol, the wvapor
flammability limit of fuel vapor/air ratio is 4.3-19% by
volume. At temperatures below 13°C (ethanol flash poing),
the fuel vapor/air ratio of the ethanol is below the lesn Limit
due to its low volstility. [2] In conventional gasoline
engines, the cold stant problem is usually solved by over-
fueling during a start up o ensure enough fuel evaporation
for ignition. Nouetheless, this technique is not appropriate
for the ethanol. In Brazl, the flexible fuel vehicles are
equipped with the secondary fuel tank to be used for cold
starting of neat ethanol. However, this existing secondary
fuel tapk is conmsidered inconwenient and umsafe for
customers. In USA and Europe, many countries choose E85
instead of near ethamol to avoid the installation of second
fuel tank. The 15% of gasoline in E85 increases the vapor
pressure enough for cold startmg. However, in order to
produce EB5, the peat ethanol mmst be delivered from
Ethanol factory to the perolevan company. The customers
have to pay for ethanol delivery and blending process. In
case of ethanol, the ethanol fuel will be delivered direct to
the firel station. The most sreas in Thailand have muninmm
temperature about 10 °C, Then the ethanol is considered as
zood choice for Thailand if the starting problem can be
solved.

The cwrent smdy will explore other altermatives to

secopdary foel tank installation by studying the parameters,
which affect to the cold start characteristics. The parameters



such as ratio of ethanol and gasolime blends, ambient
temperatwre, and amount of fuel injection were examined
with potential solution suggested.

EXPERIMENTAL APPARATUS AND
PROCEDURE

mucqmddhumqwm
eg the engine system the cold sosk chamber and

mumdl- The Suzuki Skydrive engine was used as a
test engine with the specification shown in Table 1. The test
fuels are gasoline, pure ethanol and E85 from Petroleum
m«twmmynmum
E85 and ethanol used in this experiment are shown in Table
2

measured by sensors and microcontroller. All measured data
were recorded and displayed by personal computer as shown
inFig 1.

A cold soak chamber was designed and manufactured in
order to control ambient temperature. A concepmal drswing
of this chamber is shown in Fig. 2. The walls, floor snd
ceiling of the chamber are made from three layers of
encapsulated in sheet stainless steel. The cold soak chamber
can operate at the lowest temperature of -20 °C while the
lowest temperature of this experiment is -2 °C,
comresponding to the Jowest tempersture in Thailand
according to the temperature data of Thai Meteorological

In the test engine, air and fuel were mixed together in the
intake port system prior to entry to the engine cylinder. The
test engine was equipped with su original DCP (Discharge
Pw)-immuminl’igS Then, the ijection

Table. 1 Suzuki Skydrive specification
g SOHC 2-valve 4 stokes

it air-coobed

Number of cylinder Single cylinder

Displacement 124cm’.

Bore  stroke 535% 552 mm.

Compression ratio 96:1

[ Fuel system DCP (Discharge Puzp)-

injector
Starter Electric starter

SETC2011

Table. 2 Properties of ethanol compared with zasoline [3, 4,

5,6]

Fuel properties Gasoline | EB5 Ethanol
Formmla (for C=1) CHy g | CH4004 | CHyOy
Molecular weight 100-105 n'a 46.07
Density kg/l 15 °c 0.69-0.79| 0.76 0.79
Oxygen coat{wrts) 0 31.75 347
Boiling poiut, °C 27-225 na 784
Vapor pressure, kPa 58.8 444 17
LHV, MI1l 322 239 213
LEV, Mikg e 318 269
Heat of vapor (kJkg) 305 |610-7625) 840
Flash point, *C i n'a 13
Auto-iguition t, °C 257 n'a 423
Flammability limit,
wol%

Lower 14 na 43

| Higher 7.6 wa 19.0

Stoichiometric AFratio] 147 0.47 9.0
Octane number

Research 97 1016 107

Motor 80-90 91.1 92

Fig 1 Schematic diagram of the experimental setup

97




msmwwm-uwmuxd_ﬂ-

During the test, data was scquired with the use of micro
controller device that conmyumicated and displayed valpes
read by the computer. For comsistency in analyses,
additional parameters were measured sad recosded These

» The engine aanking time: The Grst time the engine
starts t0 yotste with the engine spead (RPM)
recorded by micro controller grester than zero. it is
stopped suddenly when the ignition occurs. The
engine speed (FPM) resches 900 rpm and remains
above that speed. The total starting time is incladed
time for pre-canking, heating up by glow plng or
heated imjector and enpine cranking time.

The temperstare of engine oil , air imtake, and

vi. ,
18t
i

These data were displayed by cold stat timer program
developed by the suthors. Figure 4 shows example of
software intecface. In order to eliminste the detrimental
effects of changes in battery voltage at cold temperatures,
the bettery was contimuously charged to maintain the same
voltage during each testing.

Vm-ﬁm-—d—mm
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Fig. 6 Cross section of hested injector

The test fuels were pasoline (RONOI) snd ambrydrous
ethanol. Injection duration was increased from 10%, 20%,
30%, 40%, 50% w 100% in order to compensate the lower

hottest zone was inserted



The ultrasomic humidifier was used to mist ethanol fosl in
ownder to assist i of efhanol. The specifications of
bumidifier are 105 W, mist volume 240 mi/hour. Two
homidifiers were used to ensure that sufficient ethanol mist
was supplied to the engine.

RESULT AND DISCUSSION
mmmmm-—iﬂﬁnﬂ

totsl starting time of each fuel are shown in Fig. 7.

In case of gasoline, the engine can start even at low
temperatare of -2 °C. For ethaol, the lowest temperature

inFig. 7.

Five methods were proposed w assist the cold mmperamre
starting. The first method proposed for this experiment was
increasing the amount of fuel imjection The imjection
duation was incressed from 10, 20, 30, 50 w 100%
compared to the conventional one. That injects 11.26, 12.28,
13.56, 14.78 and 15.91ms at 25, 20, 15, 12.5 and 10°C
respectively. By only increasing smount of fuel injection,
the engine can start at the swromding tempersture as low as
10 °C. The result of fiel injection increasing #s shown in
Fig. 8. The resson that the engine bardly stams &t the
tempersture lower than 12.5 °C is the limitation due to flash

point of the ethanal (13 °C).

The second method was incressing combustion chamber
temperstore by installing the electrical heater (glow plug) at
the cylinder head. The hester was turned on when engine
switch on, 30 and 60 seconds or 1620 J and 3240 J before
starting. The engine can start at 10 °C as shown in Fig. 9.
The cranking time in the figure is not inchuded time for
heating up.

SETC2011
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Fig. 7 The total starting time of conventional engine with
different fusls
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Fig. 8 The total starting time of E100 with increasing
amount of fosl
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Fig. 10 The total starting time of E100 with heated injector
technique



The third method was heating the imjector by bolding the
ohad:mlywhm'whdm hmginpc-d
into the intake port. The holding times were 10, 20, 3
seconds and wait for the time in some case byhmadq
ﬁ-fwlin;m/udhudqnpn prevent over
beat is occur and for heat 'nunsultofhemd
injector technique is shown in Fig. 10. According to

numwmmhm
starting time, ot becanse beating of injected fiel did not
help but rather too much fuel being injected from holding
the electric supply during heating.

Thhhmbdwhmmww
the engine without injection. For the testing condition at
swrounding 10 °C, the total starting time can be
reduced by this method With combination of glow plug
method, the engine start was improved, as shown in Fig. 11.

Overall, the shortest total starting time was achieved by
increasing amount of fuel to twice of the original but the
effect of increasing the fuel was a high hydrocarbon and
was selected to combine with glow plug technique st the
staring time to twice fuel mjection case, as shown in Fig.
12,

Combination techmique (50% increasing fuel mjection, 20
seconds of glow plug heated up snd pre-cravking of 20
seconds in same time with glow plug heated up) was able to
assist cold starting problem st remperatare lower than 10 °C
of swromnding temperature. Nommally the conventional
engine cannot start with neat ethanol at these conditions. By
this techmique, the ethanol engine can start as low as 6 °C of
ambient temperature in 78 seconds, 6.5 °C m 45 seconds
and 8.5 °C in 38.5 seconds. This combination selected from
all of rechniques was used to assist cold starting i the
engine. which is shown in Fig. 13.

The different techmiques were compared at the starting
tempersture at 6 °C. For 100% amounr of fuel injectiom,
ethano] fuel cannor start the engine. Hence, 50% increase in
fuel injection is the first technique but the total starting time
resnlt is too long. Then a glow plug was heated up for 60
seconds before the engine cranking, which can reduce the
total starting time by 20 seconds (or 16.2%) compared to the
case of 150% amount of fuel injection alone. Furthermore,
mmummmmcmmn
combustion chamber tempersture in 20 sacond before the
engine cranking. Up to 45.6 seconds (or 36.8%) tocal
starting time was reduced by this cold start technique.
Fimally, heat up time was extended to 30 saconds that can
reduce the total starting time by 60.6 seconds (or 48.9%)
compared to the first rechmique without heat up time, as
shown in Fig. 14.

The case of 150% amount of fuel injection combined with

glow plug and pre-cranking ar 30 seconds seems to be the
best solution among all of combinarion rechniques.

At the minmmum surrounding tempersture of 3.5 °C, ethanol
engine can start by all assisted cold start problem methods.
The heat up tme for glow plug and pre-cranking were
extended o 60 seconds and amoumt of fuel injection to
200%. Finally fifth method humidifier also was set up for
SETC2011
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energy to vaporize liquid fuel The engine can start in 72.6
second with humidifier at same time of engine cranking and
56.8 second shorter than the first method at this swrronnding
remperature. According to ethanol properties in term of heat
of vaporization, ethanol consumes energy to vaporize more
than gasoline in 2-3 times. The method of fuel bumidifier is
used to reduce emergy for evaponzation and atomization.
The result of total starting time at 3.5 °C of surrounding
temperature is shown in Fig. 15.
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Fig. 11 The total starting time of E100 with pre-cranking
technigue
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Fig. 12 The total starting ttme of E100 with combination
techniques at 10°C of sunounding temperature
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4 The total starting time of E100 with combination
techmigues at 6°C of surounding temperature
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Fig. 15 The total starting time of E100 with combinstion
techmiques at 3.5 °C of numounding temperature

CONCLUSION

The comventional engine was ran with ethanol foel in the
cold spsk chamber at Jow temperature. Tha engine was also
modified to overcone the cold start problem when vsing the
m“ﬂmwmmhmdu

1. In case of B100, comventional engine can start normally at
20 °C. The second trial start is required st 15 °C. The lowest
temperature to start s 10 "C with 60 saconds total starting
time. However, the total starting time still very long and
may not satisfy the costomers.

2. Heating the combustion chamber by using glow plug md
poe-cranking technique makes the engine possible o stat at
10 °C of surmounding tenmpersture. The ethanol engine can
start within 30 seconds inchaded operating time 10 seconds
for pre-cranking and glow plug.

3. The best case at 6 °C is 150% fuel injection combined
with 30 seconds pre-cracking snd glow pluz. The total
starting time is 53.2 seconds.

4. The ethunol engine can start at 3.5°C using combinstion
techpigues of using bumidifiers, 150% fuel injection, 30
seconds pre-cranking and glow plhag. The minimum total
starting time at 3.5 °C for this study is 72.6 seconds.

The finther study such as discovering other techmiques to
shortening the total starting time or the effect of incressing
fuel injection on hydrocarbon emission is necessary.
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