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Abstract—This study investigates the effect of
intake temperature on the performance of a
Compression Ignition Engine. The main objective is
to study the performance, combustion
characteristics of the Compression Ignition Engine
using thermodynamic modeling and software
simulation. It is studied from combustion in CI
engine that the intake temperature may affect
drastically on engine performance. Specific Intake
air temperature causes the efficient burning of
charge supplied to Engine. The Engines used now
days in automobile are getting advanced due to the
power and Fuel economy requirement. Therefore
there is need to study the engine efficiency and
power output.

Keywords- Diesel Cycle, Specific Heat, Intake
Temperature, Engine Performance

I. INTRODUCTION

The effect of changing in ambient temperature plays
an important role to the performance of machine
and equipment. Therefore increasing of surrounding
temperature in the world nowadays will effect the
performance and the quality of air especially related
to internal combustion engine. Internal combustion
engine also known as heat engine depends so much
to the changes in temperature. This thesis present
the simulation study and experimental result on the
performance of internal combustion engine at
different ambient temperatures on small four-stroke
spark ignition engine. It also investigated the level
of emission released to the environment due to
increase in ambient temperature. A small four
stroke spark ignition engine attached to

dynamometer has been used in this study. This
thesis constructed to provide the data of engine
performance parameters such as brake power,
specific fuel consumption, brake mean effective
pressure etc and exhaust emission by using
GTPower simulation data and supported by result
from an experimental work. While, the exhaust
emissions are of CO2, HC and O2 thatwere
measured by using gas analyzer. The data were
taken at four different ambient temperatures 30 °,
35 °, 40 ° and 45 °C. Increasing in the ambient
temperature resulting to small improvement in the
engine performance. The higher the ambient
temperature, the lower emission were produced.

II. PROBLEM STATEMENT

Fig 1. Effect of inlet air temperature on the brake
specific fuel consumption, at constant engine torque
(50 N.m) and different engine speeds (Saber et al.,
2013)
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Temperature plays an important role to the
performance of internal combustion engine. It is
crucial to the engine or automobile designer
especially in hot country weather to produce a better
performance engine without increased their cost.
Due to increasing weather temperature in Malaysia
especially, the study will investigate the effect of
ambient temperature to the performance of internal
combustion engine.

III. Temperature and Ambient Temperature
Temperature  is a degree  of hotness or  coldness
the can be measured using a thermometer. It's also a
measure of how fast the atoms and molecules of a
substance are moving. Temperature is measured in
degrees on the Fahrenheit, Celsius, and Kelvin
scales. Normally temperature expressing with
degrees Fahrenheit (°F) or Celsius (°C). Scientists
often use degrees Celsius (°C), but the Kelvin (K) is
the SI unit for temperature. In Internal combustion
engine temperature is a major component tocombust
the fuel and run the engine. High temperatures
always called heat in internal combustion engine
need to combust the fuel, so it is necessary to keep
the temperature at a controllable level in order to
operate the engine safely. Once the temperature in
the engine has reached intolerable values, the
engine blocks and components may suffer damage.
Therefore it is essential to have a heat removal
process which will maintain the engine at a safe
operating condition (Safakish, 2012).

Ambient temperature is the temperature of the
surrounding environment. The performance of an
engine is influenced by the ambient conditions. The
most important ambient conditions influence
internal combustion engine performance is air
humidity and inlet air temperature. Air humidity has
an influence on the combustion since an increase in
humidity is slowing down the combustion speed as
well as reducing the maximum combustion
temperature. On the one hand this will influence the
knock margin and the NOX emissions in a positive
way, but on the other hand the efficiency of the
engine is affected negatively. In this research, inlet
air temperature will take into account as a subject to
been discussed regarding the performance of
internal combustion engine. But there are different
definitions for ambient air temperature and air inlet
temperature. Laurikko (2002), describe ambient air
temperature is the temperature that is measured

outside of the engine compartment and air inlet
temperature is the temperature measured at the inlet
of the turbocharger.

The ambient temperature is not directly influencing
the engine performance at all, but in most cases the
ambient temperature will have an influence on the
air inlet temperature before enter combustion
chamber or turbocharger and the engine cooling
system. Turbochargers are commonly used on truck,
car, train, aircraft, and construction equipment
engines to boost engine efficiency and power by
forcing extra air to combustion chamber. They are
most often used at spark ignition engine and
compression ignition Engine. Low air inlet
temperature may bring the turbocharger into
surging.

IV. Inlet Air Temperature

Any engine that runs by internal combustion of fuel
needs air to operate. That's because without air
especially oxygen, fuels cannot burn and provide
the combustion that force to power the engine. In
modern automobiles, the air  must be cleaned before
introduced the inlet manifold and combustion
chamber. In addition, modern engines rely on a
precise ratio of air to fuel. When the engine is
starved of air, the fuel mix is said to run too rich,
which in effect the performance of the engine. The
air supplied to the engine through inlet manifold.
Inlet manifold is the pipe that connect intake system
to the inlet valve of the engine and where the air
fuel mixture come through is called intake
manifold. Gupta(2013), says an increase in the inlet
temperature of the mixture increases the
temperature at the end of compression, which in
turn increases the temperature of the last part of the
charge to burn, thus shortening the delay period and
greatly increasing the tendency to knock.

Therefore is preferred to keep the inlet temperature
low but notThe rate at which an engine will
accelerate with a given mixture ratio, or carburettor
setting, is markedly affected by the amount of heat
and air supplied to thesystem. Within the limits of
this work, the greater the amount of heat supplied to
the charge and the higher its temperature at the
intake port, the more rapidly the engine would
accelerate. Torregrosa, Olmeda, Martín, &
Degraeuwe (2006), constructed a fully controlled
diesel engine to study the influence of inlet air
charge temperature on the performance and
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emissions of a diesel engine. The intake
temperatures were varies but the coolant
temperature was controlled to isolate the effect of
cylinder walls temperature effect.

V. Combustion in Internal Combustion Engine
Combustion is usually understood to be a
synonym for burning or fire. Combustion is the
chemical reaction that involved fuel and air
especially oxygen, O2 that produces a smoke. In
internal combustion engine, air and fuel mix burn in
the combustion chamber. Combustion in internal
combustion engine usually divided to two, which
are complete combustion and incomplete
combustion.

VI. Complete Combustion

Complete combustion or easily known is to
properly burn up all the petrol and not have any
leftovers. In complete combustion, the fuels or
reactant completely burning and only produce
carbon dioxide and water.There needs to be enough
available oxygen for every carbon atom in the
compound to find a match or a pair in the
environmental air. Figure 2.8 show the complete
combustion of one hydrocarbon component,
methane. The hydrocarbon burns together with
atmosphere oxygen, O2and produced water and
carbon dioxide, CO2.

VII. Incomplete Combustion

If there is not enough oxygen present to completely
burn the fuel to carbon dioxide and water, it is
called in complete combustion. Incomplete
combustion can cause pollution and fuel
inefficiency. Usually in complete combustion
produce less heat than complete combustion.
According to Ganesan(2004), incomplete
combustion is due to improper mixing and flame
quenching. Improper mixing is incomplete mixing
of air and fuel, when some particle of fuel does not
find molecule of oxygen to burn. This can cause an
exhaust emission. The other factors of incomplete
combustion is flame quenching happen when flame
goes very close to the wall, and it’s get rid of and
leaving a small amount of fuel mixture unreacted.

VIII. Emission in Internal Combustion Engine
Emissions from internal combustion engine are
one of major concern to world today because of

their negative impact on air quality, human health,
and global warming. Therefore, there is an
integrated effort by most governments to control
them. Emissions from combustion include unburned
hydrocarbons (HC), carbon monoxide (CO),
nitrogen oxides (NOX), and particulate matter
(PM). Faisal et al. (2013), stated that thereare three
ways to reduce emissions form sp ark-ignition
engines which are; changes in engine design,
combustion conditions, and catalytic after-
treatment. According to Andrews et al., (2004) in
their study, The Effect of Ambient temperature on
Cold Start Urban Traffic Emission real World SI
Car that CO2emissions were decreased slightly with
the increase of ambient temperature, due to the
better fuel economy in summer.

Fig 2. The figure show CO2 emission versus
ambient temperature graph(Andrews et al., 2004)

This was mainly due to the lower friction as the
lubricating oil heated up faster under higher
ambient temperatures, as shown earlier. Shahid,
Minhans, & Che, (2014)state thatthe transport
sector that use internal combustion engine is
responsible for the emission of more than a quarter
of carbon dioxide (CO2) world-wide, as well as
considerable shares of methane (CH4), and nitrous
oxide (N2O) emissions, and is thereby one of the
largest single contributors to global greenhouse gas
(GHG) emissions. In spark ignition engine, an
emission is more concentrated on the amount of
CO2, CO and HC produced. There was no
correlationbetween NOX emissions and ambient
tempe rature (Andrews et al., 2004).



1042 Kantaprasad.S.kodihal, Sambhare

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386
Volume 5, Issue 3

March 2018

Greenhouse gas has a negative effect to human and
environment. According to EPA (2012), most of
greenhouse gaseous that produce by combustion
from internal combustion engine can harm human
such as Carbon dioxide (CO2) that will lead to
increase the earth surface temperature that would
melt sufficient ice to cause an increase in the level
of the oceans. Carbon monoxide (CO) is a
poisonous, colorless, odorless, and tasteless gas.
Carbon monoxide is harmful when breathed
because it can replace oxygen in the blood and
discharge the function of heart, brain, and other
vital organs of oxygen. Large amounts of CO can
make people unconsciousness and suffocate.
Hydrocarbon emissions result

from fuel that does not burn completely in the
engine.Some cancers appear to be caused by
exposure to hydrocarbons. Unburned hydrocarbons
in combination with the oxides of nitrogen in the
presence of sunlight form photochemical oxidants,
components of photochemical smog, which do have
adverse effects on human health and on plants.

While Nitrogen Oxides (NOX) is a poisonous,
reddish-brown gas with unpleasant odour. NO2 can
react with moisture present in the atmosphere to
form nitric acid, causes direct damage to materials.
It is also responsible to the formation of smog
which is the most damaging to human health.Soot
and smoke both refer to particulate matter that gets
trapped in gases during combustion. The visible,
dark black component of smoke is carbon that has
incompletely burned and, rather than forming CO2,
has formed solid carbon compounds known as
amorphous carbon. These carbon compounds are
collectively referred to as soot. Soot, in particular,
contains large amounts of polycyclic aromatic
hydrocarbons, which are well-known mutagens and
carcinogens.

Diesel exhaust is considered the most carcinogenic
of fossil fuels used in transportation. The major
emissions from gasoline engines can be classified as
either products of incomplete combustion or species
formed at high temperature in the cylinder. The
main incomplete combustion products include
carbon monoxide (CO) and unburned or partially-
burned fuel, usually denoted as hydrocarbon (HC)
or volatile organic compounds (VOC). Engine level
emissions in terms of CO are normally quite low,
andare reduced to very low levels by exhaust
catalysts. Lean-burn gasoline engines can have

higher CO levels than stoichiometric engines since
the lower burned gas temperatures contribute to
slower flame propagation, and combustion may not
progress to completion (Wallington et al., 2006).

IX. GT-Power

GT-Power is software developed by Gamma
Technologies that can simulate an entire ICE. It is
applicable to all sizes and types of engines. The
software is used by almost all major car and truck
manufacturer. The software can simulate all the
parts of the engine. The program main parts are GT-
POWER contains the industry’s most
comprehensive and advanced set of models for
engine performance analysis such as:

i. Steady state or full transient analysis, under any
driving scenario

ii. Turbocharged, supercharged, turbo compound, e-
boost, pneumatic assist

iii. SI, DI, HCCI and multi-mode combustion, multi-
fuel, and multi-pulse injection.

A computer model of engine is used to simulate the
engine by using GT Power software from Gamma
Technologies. All engine specification and physical
information of the engine are entered in a specific
window. For the gasoline engine only one test for
each temperature was available, which causes an
uncertainty due to the inability to compare
deviations between tests runs (Johansson &
Wagnborg, 2014).

Fig 3. Example of modelling internal combustion
engine in GT Power software simulation (gtisoft,
2014)

GT-Power has been used to study many cases in
internal combustion engine. Semin, Idris, Abu
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Bakar, & Ismail (2009), were using GT-Power to
study the characteristic of gas flow in engine
cylinder port injection by using compression natural
gas in spark ignition engine. Mamat, Abdullah, Xu,
Wyszynski, & Tsolakis (2010), also used GT Power
to study the effect of fuel temperature on
performance and emissions of a common rail diesel
engine operating with rapeseed methyl ester.

Assunta, (2012) using GT Power to define the
geometrical characteristics (runner’s length and
diameter) of the air intake manifold in order to
optimize the engine performances (brake torque and
power torque). A multi-objective analysis to
optimize torque and power has been done with
simulating and calculating the engine performances
with GT-Power.

X. Result

Fig 4. Reduced fuel consumption in full load of
about 9 %.

XI. Conclusion

The software simulation show that for cold intake
air temperatures give lower BSFC, improved
torqueand power. The study is limited because
actual engine testing results are not taken. It
requires research engine testing setup. The
thermodynamic study on compression engine
performance has done authors is limited as itdoes
not have software simulation. It can be concluded
that Lower air intake air temperature allows to
achieve a larger engine speed area with maximum

torque, an higher power output or to increase the
compression ratio for the reference engine.
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