I11/1V B.Tech (Regular) DEGREE EXAMINATION
Mechanical Engineering

I.C. Engines & Gas Turbines (18ME502)
SCHEME OF Evaluation

Answer Question No.1 compulsorily. (1X10 = 10 Marks)

(4X10=40 Marks)
Answer ONE question from each unit.

1.a) The function of a carburettor is to atomize and meter the liquid fuel and mix it with the air as it enters the

induction system of the engine . Maintaining fuel-air proportion under all conditions of operation appropriate
to the conditions.

b) Electronic Control System, Fuel System, Air Induction System.
c) Atomization, Distribution of fuel, Prevention of impingement on walls.

d) The fuel does not ignite immediately upon injection into the combustion chamber. There is a definite
period of inactivity between the time when the first droplet of fuel hits the hot air in the combustion chamber
and the time it starts through the actual burning phase. This period is known as the ignition delay period.

€)
It is the ratio between the mass of the air and mass
of the fuel supplied to the engine. It is expressed as
m, (mass flow rate of air)

A/F = — — ..{(4.16)
m , (mass flow rate of fuel)

f) Oxides of Nitrogen, Carbon monoxide, CO,, Hydrocarbons, Smoke, Particulate matter.
g) Propane and butane.

h) Intercooling, Reheating and Regeneration.

1) Inability if the ramjet to be self starting.

j) The fuel and the oxidizer are known as Propellents in rocket propulsion.
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2. A) Four stroke Spark Ignition Engine:

1. Suction or Intake Stroke: Inlet is open
exhaust is closed. Piston moves from TDC
to BDC and crankshaft revolves half the
revolution. Cranking during first cycle.Due

to the pressure difference air enters the , ‘
cylinder through air filter. Hos
2. Compression stroke: Inlet and exhaust are
closed. Piston moves from BDC to TDC. Sioe e e oot

Cranking required in first cycle. Air will be

compressed to a ratio of 1:20. Diesel oil is sprayed into cylinder by injector and auto-ignition takes
place.

3. Expansion or Power stroke: Piston moves from TDC to BDC. Inlet and exhaust valves are closed.
burnt gases generate energy and force the piston to move down till injection of fuel is complete.

4. Exhaust stroke: exhaust is open and inlet is closed. Piston moves from BDC to TDC. crankshaft
revolves half the rotation. energy for this stroke is supplied by flywheel. Burnt gases are expelled out
through outlet port.

According to Two-Stroke Engine Four-Stroke Engine
1. Working stroke There 15 one working stroke m cach | There 15 one workmg  stoke in two
revolution. Hence engine has more even | revolutions. Henee engine has uneven torgque
torgue and reduced vibrmation. and large wvibration.
2. Engine deign It uses ports and hence engine design as |1t wses  valves,  themefore, mechanism
simple. mvolved 15 complex.
3. Mechanical The working cycle completes m one | Working eyele completes in two revolution,
cthewncy revolution and hence it has high mechamical | hence, 1t has more friction, thus less
cthiciency. mechanical etheiency.
4. Scavenging The bumt gases are not completely driven | 1t has separate stroke for explusion of bumt
out. It results in diluton of fresh charge. gases, thus wdeally no dilution of fresh
charge.
5. Themmal fhewency | Poor  thermal  ctheiency  due to poor | Very good thermal efheiency.
scavenging and escaping ol charge with
exhaust gases.
6. Cost Less cost due to less parts in engine. More cost due to large number of parts.
7. Mamtenance Cheaper and simple. Costhier and shghtly complex.
B Weight Lighter engine body. Heavier engine body.

3. A) The process of formation of a combustible fuel-air mixture by mixing the proper amount of fuel
with air before admission to engine cylinder is called carburetion.
Both air and fuel are drawn through the carburetor and into the engine cylinders by the suction created
by the downward movement of the piston. This suction is due to the an increase in the volume of the



cylinder and a decrease in the pressure in this chamber. It is the difference in pressure b/n the
atmosphere and cylinder that causes the air to flow into the chamber. In the carburetor, air passing into
the combustion chamber picks up fuel discharged from a tube. This tube has a fine orifice called as
carburetor jet which is exposed to the air path. The fuel from the nozzle thoroughly atomized because
of the small outlet nozzle. Throat is provided to increase the velocity of the flow and suction effect is
created.
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3. B) Fuel Injector: Quick and complete combustion is ensured by a well
designed fuel injector. By atomizing the fuel into very fine droplets, it
increases the surface area of the fuel droplets resulting in better mixing and
subsequent combustion. Atomization is done by forcing the fuel through a
small orifice under high pressure. Fuel injector consists of a nozzle valve (
NV ) fitted in the nozzle body ( NB ).The nozzle valve is held on its seat by
a spring ( S ) which exerts pressure through the spindle ( E ). The nozzle lift st _
can be adjusted by the adjusting screw ( AS ). Feeling pin ( FP ) indicates . N
whether the valve is working properly or not. The oil under pressure from L
the fuel (injection) pump enters the injector through the passages B & C
and lifts the nozzle valve. The fuel travels down the nozzle (N ) and
injected into the engine cylinder in the form of fine sprays. When the
pressure of oil falls, the nozzle valve occupies its seat under the spring force
and fuel supply is cut off.

Spring (S)

Nozzle Valve(NV)

Nozzle Body(NB)

Nozzle (N)

4. A) The combustion in a Cl engine takes place in four stages:

Ignition delay period: It is also called as preparatory phase during which some fuel has already been
admitted but has not ignited. This period is counted from the start of injection to the point where the pressure
—time curve separates from the motoring curve indicated as start of combustion in the Fig.11.11. The delay
period in the CI engine exerts a very great influence on both engine design and performance. The fuel does
not ignite immediately upon injection into the combustion chamber. There is a definite period of inactivity
between the time when the first droplet of fuel hits the hot air in the combustion chamber and the time it starts
through the actual burning phase. This period is known as the ignition delay period.



The period of rapid combustion: The period of rapid 80
combustion also called the uncontrolled combustion, is that
phase in which the pressure rise is rapid. During the delay ~
period, the droplets have had time to spread over a wide area 60
and fresh air is always available around the droplets.

The period of controlled combustion: The rapid combustion
period is followed by the third stage, the controlled
combustion. The temperature and pressure in the second stage
is already quite high. Hence the fuel droplets injected during -
the second stage burn faster with reduced ignition delay as 20 0.001 5
soon as they find the necessary oxygen and any further
pressure rise is controlled by the injection rate.
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The period of after burning: Combustion does not cease 0 b = SR Y
with the completion of the injection process. The unburnt and 100 80 60 49 g T;)é 2'0 4:0 610 810 T
partially burnt fuel particles left in the combustion chamber Tilne(degree of erankshaft rotation)

start burning as soon as they come into contact with the Fig. 11.11 Stages of comictis B4 igios

oxygen. This process continues for a certain duration called a0 .
the after-burning period. Usually this period starts from the point of maximum cycle temperature and
continues over a part of the expansion stroke. Rate of after-burning depends on the velocity of diffusion and
turbulent mixing of unburnt and partially burnt fuel with the air.

4. B) If the temperature of the un burnt mixture exceeds the self-ignition temperature of the fuel and remains
at or above this temperature during the period of pre flame reactions ( ignition lag), spontaneous ignition or
auto ignition occurs at various pin point locations. This phenomenon is called knocking. The phenomenon of
knock may be explained by referring to Fig.11.6(a) which shows the cross-section of the combustion chamber
with flame advancing from the spark plug location A without knock whereas Fig.11.6(c) shows the
combustion process with knock. In the normal combustion the flame travels across the combustion chamber
from A towards D. The advancing flame front compresses the end charge BB’D farthest from the spark plug,
thus raising its temperature. The temperature is also increased due to heat transfer from the hot advancing
flame-front. Also some preflame oxidation may take place in the end charge leading to further increase in
temperature. In spite of these factors if the temperature of the end charge had not reached its self-ignition
temperature, the charge would not auto ignite and the flame will advance further and consume the charge BB
D. This is the normal combustion process which is illustrated by means of the pressure-time diagram,
Fig.11.6(b). However, if the end charge BB’D reaches its auto ignition temperature and remains up to the time
of preflame reactions the charge will auto ignite, leading to knocking combustion. In Fig.11.6(c), it is assumed
that when flame has reached the position BB’ the charge ahead of it has reached critical auto ignition
temperature. During the preflame reaction period if the flame front could move from BB’ to only CC’ then the
charge ahead of CC’ would auto ignite. Because of the auto ignition, another flame front starts travelling in
the opposite direction to the main flame front. When the two flame fronts collide, a severe pressure pulse is
generated. The gas in the chamber is subjected to compression and rarefaction along the pressure pulse until
pressure equilibrium is restored. This disturbance can force the walls of the combustion chambers to vibrate at
the same frequency as the gas. The pressure-time trace of such a situation is shown in Fig.11.6(d).



5.A)

It is defined as the ratio of the mass of fuel
consumed per hour per unit power output (BP).
It is also designated as Bsfc (brake specific fuel
consumption). It is a parameter which decides the
economics of power production from an engine.

Bsfeorsfe = Bp aw)

(ke/kWh) ...(4.12)

4.7.3 Mechanical Efficiency (1mecn)

The power output of anjengine is obtained from the
combustion of charge. Thus the overall efficiency
of an engine is given by brake thermal efficiency,
Le.,

Brake power BP

e = Energy supply rate i §xCV

.(24.11)

where, ni, = mass flow rate of the fuel (kg's)
CV'= Calorific value of fuel, (kl'kg)

It is the ratio of the brake power and indicated

power.
Brake power BP

Mmech = = ...(4.24)

Indicated power P
It can also be expressed as
Brake thermal efficiency
Indicated thermal efficiency

Mimech =

_ Nben
Nith

5.8)

-.-(4.25) ¢
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6. a)

6.4 LIQUID FUELS

Liguid fuels are preferred for 1O engines because they are easy to store ancd
hawve reasonably good calorific value. In the liguid fuel category the main
alternative is the alcohol.

6.4.1 Alcohol

Alcohols are an attractive alternate fuel becaunse they can be obtained from
bhoth natural and manafactured sources. Methanol (methv]l alcohol) ancd
ethanol (ethyl aleohol) are two kinds of alcohols that seem most promising.
The adwvantages of alcohol as a fuel are:

(i) It can be obtained from a namber of sources, both natural and manua-
factured.

(i) It is a hizgzh octane fuel with anti-knock index numbers (octane number)
of over 100. Engines using high-octane fuel can run more efficiently by
using higher compression ratios. Alcohols have higher flame speed.

(iii) It produces less overall emissions compared to gasoline.

(iv) When alcohols are burned. it forms more moles of exhaust gases, which
gives higher pressure and more power in the expansion stroke.

(v) It has high latent heat of vapourization (fifg,) which results in a cooler
intake process. This raises the volumetric efficiency of the engine and
reduces the required worle input in the compression stroke.

(vi) Alcohols have low sulphur content in the fuel.



MMethanol:

OFf all the fuels being considered as an alternate to gasoline. methanol is one of
the most promizsing and has experienced major research and development.
Pure methanol and mixtures of methanol and gasoline in various percentages
have been extensively tested in engines and vehicles for a number of years.
The most common mixtures are M85 (85% methanol and 15% gasoline) and
NI1O (102 methanol and 90% gasoline). The data of these tests which include
performance and emission levels are compared with pure gasoline (IWID)» and
pure methanol (M10O0).

One problem with gasoline-alcohol mixtures as a fuel 1s the tendency for
alcohol to combine with any water present. When this happens the alcohol
separateslocally from the gasoline. resulting in a non-homogeneous mixture.
This causes the engine to run erratically due to the large air-fuel ratio

differences between the two fuels.

~Ethanol:

~Ethanol has been used as automobile fuel for many years in various
countries 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 availlable at service
stations in the TTnited States.

= Gasohol is a mixture of 90%: gasoline and 10% ethanol. As with methanol.
the development of systems using mixtures of gasoline and ethanol
continues. Two mixture combinations that are important are ES85 (85%
ethanol and E10 (gasohold). E85 iz basically an alcohol fuel with 15%a
gasoline added to eliminate some of the problems of pure alcohol (i.e.. cold
starting. tank flammability. etc.).

E10 reduces the use of gasoline with no modification needed to thie

automobile engine.

Table 6.3 Comparison of petrol and LPG

Petrol Liguefied Petroleum Gas (LPG)

Fuel conswmption in petrol en- Compared to petrol, running the en-

gine is less when compared to gine on LPG results in around a 10%

LI, increase in consumpt ion.

Petrol has odoar LIPCG is odourless

Octane rating of petrol is 81 Octane rating of LPG is 110

Petrol engine is not as smooth as Due to higher octane rating. the com-

LPCG engine bustion of LPPG is smoother and knock-
ing is eliminated and the engine runs
smoothly.

In order to increase octane - LPCG  is  lead-free with  high octane
I]l'l ]JI.'I:-I.JI lt'.llli::'l"l I('-'l(l FIIi'Ii— [ll]lll}]l']'

tives.



6.b)

6.9 GASEOUS FUELS

Gaseous fuels are best suited for IC engines since physical delay is almost
zero. However. as fuel displaces equal amount of air the engines may have
poor volumetric efficiency. There are quite few gaseous fuels that can be used
as alternate fuels. We will discuss them in details in the following sections.

6.9.1 Hydrogen

A number of antomobile manufacturers have built with prototype or modified
engines which operate on hyvdrogen fuel. The advantages of hydrogen as an
IC engine fuel include:

e Low emissions. Essentially no CO or HC in the exhaust as there is no
carbon in the fuel. NMost exhaust would be HoO and N2 and NO...

e Fuel availability. There are a number of different wayvs of making hy-
drogen. including electrolysis of water.

e Fuel leakage to environment is not a pollutant.

e High energy content per volume when stored as a liguid. This would
give a large vehicle range for a given fuel tank capacity. but see the
following.

6.10.1 Natural Gas

Natural gas is found in various localities in oil and gas bearing sand strata
located at various depths below the earth surface. The gas is usually under
considerable pressure. and flows out naturally from the oil well. If the gas is
used in an engine located near the well any entrained sand must be separated
from the gas before its use. Natural gas obtained from oil wells is called
casing head gas. It is usually treated for the recovery of gasoline. After this,
it is called dry gas. It is delivered into the pipeline systems to be used as
fuel. Natural gas can be used in the production of natural gasoline. Natural
Zas is a mixture of components. consisting mainly of methane (GO -95% ) with
small amounts of other hydrocarbon fuel components. The composition varies
considerably from place to place and from time to timel But usually contain



6.10.4 Compressed Natural Gas (CNG)

Petroleum and natural gas are obtained by the process of drilling wells. As
already known crude petroleum is composed of hyvdrocarbons. It contains
some amount of water. sulphur and other impurities. Petroleum when mixed
with natural gas produces a highly volatile liquid. This liguid is known as
natural gasoline. When this petroleum-natural gas mixture is cooled. the
gasoline condenses.

The natural gas can be compressed and then it is called Compressed Natu-
ral Gas (CNG). CNG is used to run an automobile vehicle just like LPG. The
CNG fuel feed system is similar to the LPG fuel feed system. CNG conversion
kits are used to convert petrol-driven cars into CNG-driven cars. These kits
contain auxiliary parts like the converter. mixer and other essential parts re-
quired for conversion. Emission levels and a comparison between CNG-driven

6.10.5 Liquefied Petroleum Gas (LPG)

Propane and butane are obtained from oil and gas wells. They are also the
products of the petrolemn refining process. For automobile engines. two types
of LPG are used. One is propane and the other is butane. Sometimes, a
mixture of propane and butane is used as liguid petrolenm gas in automobile

engines. Liquid petroleum gases serve as fuel in place of petrol. They are used
widely in buses. cars and trucks. Ligunid petroleam gases are compressexd and
cooled to form liquid. This liquid is kept in pressure tanks which are sealed.

Tealsde G035 Clorryprarisorn of preterol apcd LGS
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Fuel consumprtion in petrol en- Comparecd to pretrol, ruamoming the emn-
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| I Sl InCTrease I CorsSsurTy gt o,
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7.a)

14.5_1 Exhaust Emissions

As alread sy mentioned major exhauast emissions are

(i) unburnt hvdrocarbons., (HCT)
(i) oxides of carbon. (CO and COs ).
(ii1) oxides of nitrogen. (NO and NOs)

(iv) oxides of sulphur., ( SO and SO3)

(v) particulates. soot and smoke.



Carbon monoxide is a colorless and odorless but a poisonous gas. It is gen-
erated in an engine when it is operated with a fuel-rich equivalence ratio. as
shown in Fig.114.1. When there is not enough oxyvgen to convert all carbon to
COs, some fuel does not get burned and some carbon ends up as CO. Typi-
cally the exhaust of an Sl engine will be about 0.2 to 5% carbon monoxide.
Not only is CO considered an undesirable emission. but it also represents lost
chemical energy. CO is a fuel that can be combusted to supply additional
thermal energy:

1 :
CO <+ r O — C'O2 + heat (14.1)

NOy is created mostly from nitrogen in the air. Nitrogen can also be found
in fuel blends. Further. fuel may contain trace amounts of NHg., NC., and
HON. but this would contribute only to a minor degree. There are a nmmber
of possible reactions that form NO. All the restrictions are probably occurring
during the combustion process and immediately after. These include but are
not limited to:

O+Na — NO+ N (14.2
N+O2 — NO+ O (14.3)
N+ OH — NO+ H (14.4)

Hydrocarbon emissions will be different for each gasoline blend. depending
on the original fuel components. Combustion chamber geometry and engine
operating parameters also influence the HC' component spectrum.

When hydrocarbon emissions get into the atmosphere, they act as irritants
and odorants: some are carcinogenic. All components except CHy react with
atmospheric gases to form photochemical smog.

7.b)

The most effective aftertreatment for reducing engine emissions is the catalytic
converter found on most automobiles and other modern engines of medium or
large size. CO and HC can be oxidized to CO,; and H,O in exhaust systems
and thermal converters if the temperature is held at 600-700 °C. If certain
catalysts are present. the temperature needed to sustain these oxidation pro-
cesses is reduced to 250-300 °C. making for a much more attractive system.

A catalyst is a substance that accelerates a chemical reaction by lowering
the energy needed for it to proceed. The catalyst is not consumed in the reac-
tion and so functions indefinitely unless degraded by heat. age. contaminants,
or other factors.



Catalyvtic converters are chambers mounted in the flow system through
which the exhaust gases pass through. These chambers contain catalytic
material. which promotes the oxidation of the emissions contained in the
exhaust flow. Generally. they are called three-way converters because they
are used to reduce the concentration of CO., HC. and NO. in the exhaust. It
is usually a stainless steel container mounted somewhere along the exhaust
pipe of the engine. Inside the container is a porous ceramic structure through
which the exhaust gas flows. In most converters. the ceramic is a single
honevcecomb structure with many flow passages (Fig.11.7). Some converters
use loose granular ceramic with the gas passing between the packed spheres.
Volume of the ceramic structure of a converter is generally about half the
displacement volume of the engine. This results in a volumetric flow rate of
exhaust gas such that there are 5 to 30 changeovers of gas each second. through
the converter. Catalytic converters for ClI engines need larger flow passages
because of the solid soot in the exhaust gases. The surface of the ceramic
passages contains small embedded particles of catalyvtic material that promote
the oxidation reactions in the exhaust gas as it passes. Aluminum oxide
(alumina) is the base cerammmic material used for most catalytic converters.
Alumina can withstand the high temperatures. it remains chemically neutral.

8.a)

1. Intercooling. A compressor in a gas turbine cycle utilises the major percentage of power
developed by the gas turbine. The work required by the compressor can be reduced by compressing

the air in two stages and incorporating an intercooler between the two as shown in Fig. 25.3. The
corresponding T-s diagram for the unit is shown in Fig. 25.4. The actual processes take place as
follows :
1-2 L.P. (Low pressu.e) compression
2'3 Intercooling
34 H.P. (High pressure) compression
45 C.C. (Combustion chamber)-heating
5-6° T (Turbine)-expansion
Intercooler Fuel (Heat)
fromed {cc]
av 5Y
24 aa
LP HP
C———e———
c c T Work
A Ye
Ar in Exhaust

Fig. 25 4. Turbine plant with intercooler.



Fig 264 T-» diagram for the unit.

Now,
Work input (with intercooling)
Ty —TP+c TS ~T) ..425.3)
Work input (without intercooling)
g 5 Ty — ?‘,) = c,(t,’ -_1',) + Ty =Ty .(254)

However, the heat supplied in the combustion chamber when intercooling is used in the
cycle, is given by,

Heat supplied with intercooling = ¢ (T, - T")

Also the heat supplied when intercooling is not used, with the same maximum cycle tem-
perature T, is given by

Heat supplied without intercooling = ¢, (T, ~ T, "

8.a)
For i apic compression process I-%:
y -1 =
2-(2)7 () -rem
<~ Ty = 300 = 1.684 - GO5.2 K
Now. SO = 3

Fige. 25,21

P m:‘z;-aoo

7= (P2255700 +300) ~ pasax
- =, +mp % O (T — T = i, < €
e [!f&"‘_) 3 e ATy — Ty'd = h,_"—'—" > c
€1+ 0.017) x LOOST, — 6G3F.2) = 0.017 x 44156 -

_— 0017 =~ 44156 e e
 Ta= 550017 <1005 * 5332 « 1268 K




s also called athodyd. Larin tube or flying mvcpépe
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( veloatws is eﬁic:ently converted into pressure.
- combustion, certain elaborate devices in form of flame
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> and sed by V-shaped non-return valves.
then injected into the combustion chamber by fuel injectors
ﬁomﬂ:eeommodnnrbotues) The combustion is then in
(once the engine is operating normally, the spark is tu ¢
e in the busti h ber is d for bustion )

“altitude is limited by air density consideration.
limitation to mechanical valve arrangement.




