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In a diesel engine, the fuel-air mixture is introdd at room temperature and burned
inside the cylinder. After the fuel is burned, tembustion products are discharged at
atmospheric pressure and high temperature. Thegeeatrated during the combustion
of fuel is partially converted into work to drivee car (or any load) and remaining is
wasted to the atmosphere through exhaust gas amldntoThe heat generated by
combustion of fuel is converted into the work bessmaof the pressure created by the
combustion process. The efficiency of the engireebatween 20% and 30%. This
paper highlights provision for incorporating a liegtvessel for preheating air before

admitting in to the cylinder of a diesel engineeTheating vessel comprises heating
elements for heating the air flowing past said ihgatlement, and a body for
mechanically holding and electrically contactingdsheating element. The effect of
preheated air on standard diesel fuel engine itetica good result on emission control.
NOx and CO emissions at intake air temperature58E Svere less when compared at
intake air temperature of 3Z. Higher inlet air temperature causes lower ignit
delay, which is responsible for lower NOx formatidmiform or better combustion is
occurred due to pre-heating of inlet air, whichoatsuses lower engine noise. Easy
vaporization and better mixing of air and fuel acdue to warm up of inlet air, which
causes lower CO emission.

INTRODUCTION

Diesel engine efficiency depends on multiple carpdarameters like heat losses during cooling gfren
heat losses in exhaust gases, friction loss, tremsgon efficiency losses etc. However intake amperature
plays a predominant role in achieving better efficly. Air Intake pre Heaters (also known as grid axanifold
heaters) are used in diesel applications needingkgreliable, and environmentally friendly starfsr Intake
Heaters are installed in the intake manifold ane-hprat the combustion air to the required temperafor
ignition of fuel. Powered by the vehicle battery,iatake heaters provide an on-board, unpluggeflt] weather
starting aid. This type of engine preheating ist-effective and good for the environment. In adufitito
producing fast starts, Air Intake Heaters reducetevismoke ("cold emissions"), engine wear, battery
consumption, and fuel consumption during start lupwer temperature intake air leads to inadequatal fi
compression temperature, increase in emission delay longer time between the injection of the ficel
ignition, local over-enrichment, incomplete comlimstand high pressure gradients due to abrupt m@xtu
conversion in the cylinder. These factors lead todking of the diesel engine, increase in emisgibn
hydrocarbons in the exhaust gas leading to sewadtrig of the environment. In order to avoid thegee filter
is introduced to heat intake air during start anddarm running of the engine with the help of actieal
heating element. Heating period is selected orbttss of the temperature of the unheated air takday the
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internal combustion engine. Temperature controiterprovided to control the outlet temperature a th
downstream of heater. Based on air outlet tempezathe relay supplies current to the heater @iratiesired
temperature. A typical Air intake heater systemdangine comprises the following:

1. Air heater adapted to be positioned in communicatith an intake passage way of an engine.

2. A temperature controller to modulate power to thehmiater by switching on and cutting of as when
required

3. Temperature sensor to provide a signal indicatitb@air temperature located upstream of air leate

4. Temperature sensor to provide a signal indicatitb@air temperature located downstream of aitdrea

Project Overview:

This project relates to incorporating of a heatiagsel for preheating air in an intake line legdio an
internal combustion engine. Air is drawn from thestieam side of an intake manifold using an aiplupnit.
The air is heated using an intake heater and iglieap(injected) from the fuel injection side ofweel injection
valve. In this way, vaporization of the fuel is ankbed (Tamilvendhan, D., 2011). One feature ofpitesent
disclosure provides an intake air heating appatangng improved cold startability. By heating @iran intake
passage and a circulation passage to a sufficidnitiih temperature, high-temperature air flows i@to
combustion chamber during cranking and, therefeaporization of fuel is promoted. A warm air intaf@&Al)
is better than a cold air intake (CAI) on a diesegine. A WAI improves fuel economy on a gas endamne3
reasons:

1) The warm air is less dense, so the throttlespg more to get the same air, therefore timgttbsses are
reduced.

2) The warm air improves the flame speed

3) The warm air improves the vaporization of thelfu

In cold ambient air temperature environments, @sfig below zero degrees Fahrenheit, or when d col
engine is started, the coolant rarely becomes tmtgh to boil. Thus, the coolant does not needbte through
the radiator. Nor is it desirable to dissipate lieat energy in the coolant in such environmentsesinternal
combustion engines operate most efficiently andupmlthe least when they are running relatively. Wotold
running engine will have significantly greater giig friction between the pistons and respectivéncidr walls
than a hot running engine because oil viscosityesees with temperature. A cold running engine aldb
have less complete combustion in the engine condsushamber and will build up sludge more rapidign a
hot running engine. In an attempt to increase tmhwstion when the engine is cold, a richer fugdrsvided.
All of these factors lower fuel economy and inceelevels of hydrocarbon exhaust emissions.

In a typical internal combustion engine, it isatléo heat the air entering the intake manifoldlbout 120
°C Fahrenheit. Heating the intake air to tempeestunigher than about 130 °C Fahrenheit reduces wstioh
efficiency. This is due to the fact that air expard it is heated. Consequently, as the air volexpands, the
number of oxygen molecules per unit volume decaSince combustion requires oxygen, reducing the
amount of oxygen molecules in a given volume desseaombustion efficiency. Although preheating kata
combustion air is not beneficial in all environmgnpreheating the air in relatively cold ambiemhperature
environments (e.g., below 20° F.) provides manyefies; including improved fuel economy, reduced sitins
and the creation of a supercharging effect.

A cold internal combustion engine emits exhaustegacontaining a large amount of noxious ingredient
such as hydrocarbons (HC's) and carbon monoxid¢ {@@h contaminate the atmosphere until the enbase
warmed up. Accordingly, reduction in the period uiegd of the engine to warm up results in reduction
elimination of the total amount of air pollutantsengine exhaust gases.

It is, therefore, to provide a warming-up systemuee in an internal combustion engine which ispaeth to
rapidly warm up a cold engine. It is necessaryrtvigle a warming-up system for use in an interaahloustion
engine which is adapted to maximize combustionciefficy of a combustible mixture during the engine
warming up period

Description of the Project:

Intake air systems may be equipped with electe@térs in order to rapidly heat the intake combussir
for a cold engine start. The heating of the intakehelps to decrease engine warm-up times, impgofiel
economy and emissions. The heating device is aethrag close as possible to the inlet openings @f th
cylinders. This arrangement assists the heatingeén performing its function. The preheated caostlon air
is therefore given as little distance and time assible to cool down. The thermal inertia of thet pd the
intake lines between the inlet opening at the cidimand the heating device is minimized, speclficas a result
of the reduction of the mass and the length of paid. Said measure ensures that the combustian atras
high a temperature as possible when it entersyheders, as a result of which the largest possin®unt of
heat is introduced into the cylinders. These messfurther reduce the number of components andftirerthe
assembly and procurement costs.
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The flow cross section of the overall intake lim@rows not in an step-like manner but rather caatisly,
as a result of which the constriction of the congurair flows does not take place abruptly. Helne, heating
elements cut into the incident flow of air in themmer of a knife (Nadir Yilmaz, 2012). The resis&@aposed to
the air flow by the heating device is reduced byanseof the described design of the at least oriye-ldte
heating element, as a result of which the predsssegenerated across the heating device is alsced. With
the embodiment in question, an impairment of theuwetric efficiency as a result of the heating devis
counteracted. The heat transfer area, and therélfier amount of heat that can be transferred tdntiaée
combustion air, also increase with the number @ftihg elements. The number of heating elementd b
inconsiderable significance with regard to the ¢$fanof heat, because the flow speeds in the dvatake line
are high, and the temperature of the heating elesmamd therefore the temperature difference betviben
heating elements and the air cannot be increadétaaily in order to increase the heat transfer.

Fuel injector is coupled directly to combustion iteer for injecting fuel directly. Fuel injector piides what is
known as direct injection of fuel into combustidmaember. The fuel injector may be mounted in the sifithe
combustion chamber or in the top of the combustibamber, for example. Fuel may be delivered to fuel
injector by a fuel system consisting of a fuel taakfuel pump, and a fuel rail (Mhia Md. Zaglul 8hdat,
2005) In some embodiments, combustion chamber ritaynatively or additionally include a fuel injecto
arranged in intake passage in a configurationghatides what is known as port injection of fudbitthe intake
port upstream of combustion chamber. Ignitiortesyscan provide an ignition spark to combustionnaber

via spark plug.

Effect of Low Temperature I ntake Air:

1. Aninadequate final compression temperature occurs.

2. Increase in emission delay.

3. Time from the entry of the fuel into the combusticmamber until the ignition of the same becomes too
long.

4. Local over-enrichment.

5. Incomplete combustion and high pressure gradientsiroas a result of abrupt mixture conversion @ th
cylinder.

Conseguences of Low Temperature I ntake Air:

1. Increase in emission of hydrocarbons in the exhgasst
2. Knocking of the diesel engine.

3. Severe loading of the environment.

Salient Points about the Project:

1. Intake air for an internal combustion engine istbdadoth during the starting and/or warm-runningges
by electrical heating element arranged upstreatheodir inlet to the internal combustion engine.

2. Heating period for the pre-start is selected orbidms of the temperature of the unheated air takbg the
internal combustion engine.

3. Heating period for the post-start is selected ietelently of the pre-start heating time.

4. Desirable to heat the intake air prior to attengptia start the engine. Typically, the air is heateda
predefined time based on the ambient air temperatur

5. Air intake heaters get electrical power from a dxgtt Thermostat provided at the down stream ofdreat
control the heating rate.

6. Based on air outlet temperature , the relay supplierent to the heater or does not

7. Heater is typically sized to provide a desired agdgtbased on engine size and duty cycle.

8. Typically, air heaters are sized such that the baltery voltage and current may be supplied tohtreter
for a defined period of time.

Air intake heater system for diesel engine:

1. Air heater adapted to be positioned in communicatiith an intake passage way of an engine.

2. Athermostat to modulate power to the air heateswigching on and cutting of as when required.

3. Temperature sensor to provide a signal indicatib@air temperature located upstream of air leate
4. Temperature sensor to provide a signal indicatitb@air temperature located downstream of aitdrea

Components Used:

1. Single cylinder diesel engine
2. Heating vessel

3. Necessary piping

4. Brake dynamo meter
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I nstrumentation Used:
1. K Type thermocouples
2. Temperature controller
3. Emission checking instrument

The intake air combustion is taken from the atrhesp through a air filter. The filtered air is pags
through a heating vessel for preheating air inndakie line leading to an internal combustion engifig 1) The
heater comprises at least one heating elementefmtirty the air flowing past said heating element, a body
for mechanically holding and electrically contagtiraid heating element. This arrangement guararitests
heating of the intake air as well as increased sti@ass and simplified mounting. Operation of eleatrheater
is controlled by a temperature controller whichsgietmperature signal from the downstream of théehe@he
intake air to the engine will be maintained at add20F by temperature controller. The power supply Far t
heater is drawn from the engine dynamo/battery.

Emission And Fuel Measurement:

The emissions from the engine are measured usifig@as analyzer. The gases HC (ppm), CO (%), CO
(%) and NOx (ppm) with this analyser. The fuel floate is measured by volume basis using a buretle a
stopwatch. The fuel from tank is supplied to thgiee through a graduated burette using a two-wéseva

Schematic and Description of the Diesel Engine with Air Pre Heater:

FIG. PRE HEATING OF INTAKE AIR BY ELECTRICAL HEATER

Fig. 1: Preheating of intake air by electrical heater.

Design And Fabrication Of Pre Heater:

- Coo0000000)
—

Fig. 2: Heater vessel.

The heating vessel for the pre heater is fabritatng 2mm mild steel plate. Six plates of reqliseze
was cut and fabricated as a cuboid by welding dges. Proper type welding rod was used for welding.
Healthiness of welding was ensured by dry peneteste Two nozzles were incorporated for facilitgtair to
flow inside and exit out. A filter has been prowvidat the inlet of heater for removing the dirt pr&sin the air.
Thermocouples have been incorporated at the imiétcatlet lines of the heater.(Fig 2) In additiameamore
thermocouple is fixed to measure the exhaust gapegature. The heater is installed in the heategsel and
electrically isolated from the heating vessel. ®helet of heater is connected to the engine.

Design of heater coill
Mass flow rate of air in single cylinder diesel amg- 0.0069Kg/s
Desired temperature expected to be achieved blygater -75
Inlet temperature assumed —@5
Power of the heating coil - m*cp*CT- T))

- 0.0069D05*(75-25)
Heating power required - 0.4KW ~ 0.5KW.
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Fig. 3: Heater coil.

A temperature controller is used to control théletitemperature of the heater. The signal froehbater
out let temperature is connected to this controlkased on the set point, heater is switched on et
attaining the required temperature, power iofuiby the temperature controller. (Fig 3).

THERMIOCOUPLE

ONE6 CHANNB. THERMO COUPLE DISPLAY METER
TWO THERVIOCOUPLEOF 0-200C CARPACITY
ONETHERMOCOUPLE OF 0-600C CARPACITY

Fig. 4: Thermocouple and temperature controller.

Experimental procedure;

After connecting the test set up, diesel engines wa without switching on the electrical heated an
parameters were logged. First, engine was run at@sdvere collected without switching on the heateen
the ambient temperature is?85 Then heater was switched on and heater outtgigeature was maintained at
45°C, 50C & 55°C at two different loads viz. 53.955N & 93.195. édch stabilization step, parameters CO,
UBHC, CQ, and O2 & NOx were logged. (Fig 4) In each loagl tieat input was calculated based on the fuel
consumption. Using these data, brake thermal effey was calculated and plotted as shown.

Test Results:

The heat input required for the engine reduces initrease in intake air temperature. This was relsein
both loads. Since heat input reduces with incré@asetake air temperature for the same load, bithkemal
efficiency increases.(Fig 5) The graph shows thetease in thermal efficiency with respect to brpkever at
different temperatures.
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Fig. 5: Thermal efficiency VS Brake horse power.

CO content in the exhaust gas slightly reducel witrease in intake air temperature.(Fig 6) Thepbr
shows that increase in CO2 with respect to brakeepat different temperatures,
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Fig. 6: Carbon di oxide VS Load.

CO content in the exhaust gas slightly reducek initrease in intake air temperature. The grapkvshbat
decrease in CO2 with respect to brake power agrgifit temperatures.
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Fig. 7: Carbon monoxide VS Load.

Unburnt hydro carbon (UBHC) reduces with tempematihe graph shows increase UBHC in with respect
to break power at different temperatures.(Fig 7).
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Fig. 8: Unburnt hydro carbon VS Load.

NOx content in the exhaust gas slightly increasiéls increase in intake air temperature. The grsipdws
that increase in NOx with respect to brake poweaiféérent temperatures.(Fig 8).
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Discussion:

The following observations were made from the. test
o The heat input required for the engine reduces initrease in intake air temperature. This was oleskin
both loads.
o Since heat input reduces with in intake air temjueeafor the same load, brake thermal efficiency
increases.
o CO content in the exhaust gas slightly reduces intrease in intake air temperature.
0o CO, & O, content in the exhaust gas remains unaltered énetkhaust with increase in intake air
temperature.
0 Whereas NOx content in the exhaust gas slightlsegses with increase in intake air temperature.

From the test it is clear that the fuel consumptreduces and brake thermal efficiency increasé wit
increase intake air temperature. The CO2 & O2 canmtEmains unaltered.

Conclusion:

From the test it is clear that the fuel consumptreduces and brake thermal efficiency increasé wit
increase intake air temperature. The carbon dioait oxygen content remains unaltered in the exigas
Carbon monoxide content in the exhaust gas sligltlijices with increase in intake air temperaturbei®as
NOx content in the exhaust gas slightly increasils increase in intake air temperature. Hence éisé results
indicated that the advantages gained are more iwittease intake air temperature though there ane fe
disadvantages.
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