INTERNAL COMBUSTION ENGINES (ELECTIVE) (ME667) SIXTH SEMESTER

INTERNAL COMBUSTION ENGINES

An Engine is a device which transforms the chemical energy of a fuel into thermal
energy and uses this thermal energy to produce mechanical work. Engines normally
convert thermal energy into mechanical work and therefore they are called heat

engines.

Heat engines can be broadly classified into :
i) External combustion engines ( E C Engines)
ii) Internal combustion engines (| C Engines )

External combustion engines are those in
Boiler

which combustion takes place outside the

Turbine

-

engine. For example, In steam engine or - Generator
steam turbine the heat generated due to | 4 Fue'l ' |
combustion of fuel and it is employed to - ‘

generate high pressure steam, which is fcma@ser«
used as working fluid in a reciprocating .—~—-\§2_._

engine or turbine. See Figure 1. Figure 1 : External Combustion Engine

Internal combustion engines can be classified as Continuous IC engines and

Intermittent IC engines.

. . Combustion Charhber
In continuous IC engines products of

combustion of the fuel enters into the prime \ ' 1
- <¢Fue

mover as the working fluid. For example : In

Open cycle gas turbine plant. Products of @mpress_or Generator

combustion from the combustion chamber

| f‘regh air‘. Exhemkﬁaéell
enters through the turbine to generate the B o

power continuously . See Figure 2.

Figure 2: Continuous IC Engines
In this case, same working fluid cannot be

used again in the cycle.
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In Intermittent internal combustion engine
combustion of fuel takes place inside the
engine cylinder. Power is generated

intermittently (only during power stroke)

and flywheel is used to provide uniform
output torque. Usually these engines are
reciprocating engines. The reciprocating
engine mechanism consists of piston
which moves in a cylinder and forms a
movable gas tight seal. By means of a
connecting rod and a crank shaft

arrangement, the reciprocating motion of

piston is converted into a rotary motion of

the crankshaft. They are most popular

because of their use as main prime mover in commercial vehicles.
ADVANTAGES OF INTERNAL COMBUSTION ENGINES

1. Greater mechanical simplicity.

2. Higher power output per unit weight because of absence of auxiliary units like
boiler , condenser and feed pump

3. Low initial cost

4. Higher brake thermal efficiency as only a small fraction of heat energy of the fuel
is dissipated to cooling system

5. These units are compact and requires less space

6. Easy starting from cold conditions

DISADVANTAGES OF INTERNAL COMBUSTION ENGINES

1. 1 C engines cannot use solid fuels which are cheaper. Only liquid or gaseous fuel

of given specification can be efficiently used. These fuels are relatively more
expensive.

2. | C engines have reciprocating parts and hence balancing of them is problem
and they are also susceptible to mechanical vibrations.
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CLASSIFICATION OF INTERNAL COMBUSTION ENGINES.

There are different types of IC engines that can be classified on the following basis.

1. According to thermodynamic cycle
i) Otto cycle engine or Constant volume heat supplied cycle.
ii) Diesel cycle engine or Constant pressure heat supplied cycle
iii) Dual-combustion cycle engine

2. According to the fuel used:
i) Petrol engine ii) Diesel engine i) Gas engine

2. According to the cycle of operation:
i) Two stroke cycle engine i) Four stroke cycle engine

4. According to the method of ignition:
i) Spark ignition (S.I) engine ii) Compression ignition (C | ) engine

5. According to the number of cylinders.
i) Single cylinder engine if) Multi cylinder engine

6. According to the arrangement of cylinder:
I) Horizontal engine ii) Vertical engine iii) V-engine
v) In-line engine vi) Radial engine, etc.

7. According to the method of cooling the cylinder:
I) Air cooled engine ii) Water cooled engine

8. According to their applications:
i) Stationary engine if) Automobile engine i) Aero engine
iv) Locomotive engine v) Marine engine, etc.

INTERNAL COMBUSTION ENGINE PARTS AND THEIR FUNCTION
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1. Cylinder :- It is a container fitted with piston, where the fuel is burnt and power is

produced. . Sperk Phug Exhaust Vaive

2.Cylinder Head/Cylinder Cover:- Inlet Vaive — Cylinder head
One end of the cylinder is closed by 'H on R -
. . . s 1] #—— Cooling Water Jacket
means of cylinder head. This = O ] -
Plon e =27 Fiston Pin
consists of inlet valve for admitting g5 ] (Gudgeen Pin)
air fuel mixture and exhaust valve = o
for removing the products of
combustion. Flywhas! _
3. Piston:- Piston is used to Crank P
. Crank Cass Crank
reciprocate inside the cylinder. It :
Lubrcating Ol

transmits the energy to crankshaft Crank Shatt
through connecting rod. :
4. Piston Rings:- These are used to Figure: 1 1.C. Engine Parts

maintain a pressure tight seal between the piston and cylinder walls and also it

transfer the heat from the piston head to cylinder walls.
5. Connecting Rod:- One end of the connecting rod is connected to piston through

piston pin while the other is connected to crank through crank pin. It transmits the
reciprocatory motion of piston to rotary crank.

6. Crank:- It is a lever between connecting rod and crank shaft.

7. Crank Shaft:- The function of crank shaft is to transform reciprocating motion in to
a rotary motion.

8. Fly wheel:- Fly wheel is a rotating mass used as an energy storing device.

9. Crank Case:- It supports and covers the cylinder and the crank shaft. It is used to
store the lubricating oil.

IC ENGINE — TERMINOLOGY
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Yalve :Cylmﬂer cover
Cleummt l

volume
1 Extreme postigh of
9 piston al tep{TDC)
Stroke piston
+— L ylinder
) — B Ore —-—

B Extreme posihon of
j_ ¥ "ﬂ‘_‘“pistnn at bottom{BDC,

-

Bore: The inside diameter of the cylinder is called the bore.

Stroke: The linear distance along the cylinder axis between the two limiting positions of
the piston is
called stroke.

Top Dead Centre (T.D.C) The top most position of the piston towards cover end side of

the cylinder” is called top dead centre. In case of horizontal engine, it is called as inner
dead centre

Bottom Dead Centre (B.D.C) The lowest position of the piston towards the crank end

side of the cylinder is called bottom dead centre. In case of horizontal engine, it is called
outer dead centre (O.D.C).

Clearance Volume The volume contained in the cylinder above the top of the piston,

when the piston is at the top dead centre is called clearance volume.

Compression ratio It is the ratio of total cylinder volume to clearance volume

Four-Stroke Petrol Engine OR Four stroke Spark Ignition Engine (S.l. engine)
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The four-stroke cycle petrol engines operate
on Otto (constant volume) cycle shown in
Figure 3.0. Since ignition in these engines is
due to a spark, they are also called spark
ignition engines. The four different strokes

are:

Pressure

i) Suction stroke
if) Compression stroke

iii) Working or power or expansion stroke o

Valume
iv) Exhaust stroke.

Flgurs: 3 Theorstical Otto Cycle

The construction and working of a four-stroke petrol engine is shown

Exhgust 'g?j

Air fuel
mixture

Crank
below: —
Working Exhaust
siroke stroke

Suction Stroke : During suction stroke, the piston is moved from the top dead centre to
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the bottom dead centre by the crank shaft. The crank shaft is revolved either by the
momentum of the flywheel or by the electric starting motor. The inlet valve remains
open and the exhaust valve is closed during this stroke. The proportionate air-petrol
mixture is sucked into the cylinder due to the downward movement of the piston. This
operation is represented by the line AB on the P-V diagram. (Figure 3)

Compression Stroke: During compression stroke, the piston moves from bottom dead

centre to the top dead centre, thus compressing air petrol mixture. Due to compression,
the pressure and temperature are increased and is shown by the line BC on the P- V
diagram. Just before the end of this stroke the spark - plug initiates a spark, which
ignites the mixture and combustion takes place at constant volume as shown by the line
CD. Both the inlet and exhaust valves remain closed during this stroke.

Working Stroke: The expansion of hot gases exerts a pressure on the piston. Due to

this pressure, the piston moves from top dead centre to bottom dead centre and thus
the work is obtained in this stroke. Both the inlet and exhaust valves remain closed
during this stroke. The expansion of the gas is shown by the curve DE.

Exhaust Stroke: During this stroke, the inlet valve remains closed and the exhaust valve

opens. The greater part of the burnt gases escapes because of their own expansion.
The drop in pressure at constant volume is represented by the line EB. The piston
moves from bottom dead centre to top dead centre and pushes the remaining gases to
the atmosphere. When the piston reaches the top dead centre the exhaust valve closes
and cycle is completed. This stroke is represented by the line BA on the P- V diagram.
The operations are repeated over and over again in running the engine. Thus a four
stroke engine completes one working cycle, during this the crank rotate by two

revolutions.

Four Stroke Diesel Engine (Four Stroke Compression Ignition Engine— C.l.Engine)
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The four stroke cycle diesel engine operates on diesel cycle or constant pressure cycle.
Since ignition in these engines is due to the temperature of the compressed air, they
are also called compression ignition engines. The construction and working of the four
stroke diesel engine is shown in fig. 4, and fig. 5 shows a theoretical diesel cycle. The
four strokes are as follows:

/- Fuel injector Exhousi

Piston

Cylinder—

Cormectin
rod

Suction  Compression  Working Exhaust
strole stroke sircke stroke

Suction Stroke: During suction stroke, the piston is moved from the top dead centre to

the bottom dead centre by the crankshaft. The crankshaft is revolved either by the
momentum of the flywheel or by the power generated by the electric starting motor. The
inlet valve remains open and the exhaust valve is closed during this stroke. The air is
sucked into the cylinder due to the downward movement of the piston. The line AB on
the P- V diagram represents this operation.
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Compression Stroke: The air drawn at the

atmospheric pressure during suction stroke
is compressed to high pressure and
temperature as piston moves from the
bottom dead centre to top dead centre. This
operation is represented by the curve BC on
the P- V diagram. Just before the end of this

Pressure

stroke, a metered quantity of fuel is injected
into the hot compressed air in the form of fine

sprays by means of fuel injector. The fuel

starts burning at constant pressure shown by 0 Valume
the line CD. At point D, fuel supply is cut off,

Both the inlet and exhaust valves remain Figure: 6 Diesel Cycla {Constant Pressure cycle)
closed during this stroke

Working Stroke: The expansion of gases due to the heat of combustion exerts a

pressure on the piston. Under this impulse, the piston moves from top dead centre to
the bottom dead centre and thus work is obtained in this stroke. Both the inlet and
exhaust valves remain closed during this stroke. The expansion of the gas is shown by
the curve DE.

Exhaust Stroke: During this stroke, the inlet valve remains closed and the exhaust valve

opens. The greater part of the burnt gases escapes because of their own expansion.
The vertical line EB represents the drop in pressure at constant volume. The piston
moves from bottom dead centre to top dead centre and pushes the remaining gases to
the atmosphere. When the piston reaches the top dead centre the exhaust valve closes
and the cycle is completed. The line BA on the F- V diagram represents this stroke.
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TWO STROKE CYCLE ENGINE

In two stroke cycle engines, the suction and exhaust strokes are eliminated. There are
only two remaining strokes i.e., the compression stroke and power stroke and these are
usually called upward stroke and downward stroke respectively. Also, instead of valves,
there are inlet and exhaust ports in two stroke cycle engines. The burnt exhaust gases
are forced out through the exhaust port by a fresh charge which enters the cylinder
nearly at the end of the working stroke through the inlet port. The process of removing

burnt exhaust gases from the engine cylinder is known as scavenging.

Two Stroke Cycle Petrol Engine

The principle of two-stroke cycle petrol engine is shown in Figure 7. Its two strokes are
described as follows:

Exhqusi port sSpark plug . Transfer port

s

- inled
port

Craonk cose .
Compression Ignitran Exhoust Intake -
{a} (b} 4] B¢

Figure: 7 Working of Two stroke Patrol Engine

Upward Stroke : During the upward stroke, the piston moves from bottom dead centre

to top dead centre, compressing the air-petrol mixture in the cylinder. The cylinder is
connected to a closed crank chamber. Due to upward movement of the piston, a partial
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vacuum is created in the crankcase, and a new charge is drawn into the crank case
through the uncovered inlet port. The exhaust port and transfer port are covered when
the piston is at the top dead centre position as shown in Figure 7 (b). The compressed
charge is ignited in the combustion chamber by a spark provided by the spark plug.

Downward Stroke: As soon as the charge is ignited, the hot gases force the piston to

move downwards, rotating the crankshaft, thus doing the useful work. During this stroke
the inlet port is covered by the piston and the new charge is compressed in the crank
case as shown in the Figure 7(c) Further downward movement of the piston uncovers
first the exhaust port and then the transfer port as shown in Figure 7 (d). The burnt
gases escape through the exhaust port. As soon as the transfer port opens, the
compressed charge from the crankcase flows into the cylinder. The charge is deflected
upwards by the hump provided on the head of the piston and pushes out most of the
exhaust gases. It may be noted that the incoming air-petrol mixture helps the removal of
burnt gases from the engine cylinder. If in case these exhaust gases do not leave the
cylinder, the fresh charge gets diluted and efficiency of the engine will decrease. The
cycle of events is then repeated.

Self Study Topic:

e Two Stroke Cycle Diesel Engines.
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COMPARISON OF SI AND CI ENGINES

The basic differences between the Sl and Cl engines are given in Table 1.0

Table 1.0 Comparison of Sl and Cl engines

SI engine

Cl engine

It works on Otto cycle.

A fuel having higher self-ignition temperature
is desirable, such as petrol (gasoline).

Air and fuel mixture in gaseous form is inducted
through the carburettor in the cylinder during
the suction stroke.

The throttle valve of the carburettor controls the
quantity of the charge. The quality of the charge
remains almost fixed during normal running
conditions at variable speed and load. So it is a
quantity governed engine.

Spark is required to burn the fuel. For this, an
ignition system with spark plugs is required.
Because of this it is called a spark-ignition (SI)
engine.

A compression ratio of 6 to 10.5 is employed.
The upper limit is fixed by the anti-knock

quality of fuel. The engine tends to knock at
higher compression ratios.

Part load efficiency is poor, since even at part
load the air/fuel ratio is not much varied. In order
to improve the part load efficiency of the SI
engine, the MPFI technique of fuel supply is
used in modern engines.

The cost of the petrol is higher than that of the
diesel oil.

Noise and vibration are less because of less
engine weight.

The main pollutants are carbon monoxide (CO),
oxides of nitrogen (NO,) and hydrocarbons (HC).

It works on Diesel or Dual combustion cycle.

A fuel having lower self-ignition temperature
is desirable such as diesel oil.

Only air is introduced into the cylinder during
the suction stroke and therefore the carburettor
is not required. Fuel is injected at high pressure
through fuel injectors direct into the combus-
tion chamber.

The amount of air inducted is fixed but the
amount of fuel injected is varied by regulating
the quantity of fuel in the pump. The air-fuel
ratio is varied at varying load. So, it is a quality
governed engine.

Combustion of fuel takes place on its own with-
out any external ignition system. Fuel bums in
the presence of highly compressed air inside
the engine cylinder.

A compression ratio of 14 to 22 is employed. The
upper limit of compression ratio is limited by the
rapidly increasing weight of the engine. Engine
tends to knock at lower compression ratios.
Part load efficiency is good. As the load
decreases, the fuel supply to the engine can
also be reduced and lean mixture to the engine
is then supplied.

The cost of diesel oil is less than that of petrol.
Moreover, as fuel is sold on volume basis and
diesel oil has higher specific gravity, more
weight is obtained in one litre.

Noise and vibrations are more because of
heavier engine components due to higher
compression ratio.

Apart from CO, NO,, and HC, soot or smoke

particles are also emitted to the atmosphere.
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COMPARISON OF FOUR-STROKE AND TWO-STROKE ENGINES

A comparison of four-stroke and two-stroke engines indicating their relative merits and

demerits is presented in Table 2.0

Table 2.0 Comparison of four-stroke and two stroke engines

Four-stroke engine

Two-stroke engine

* One power stroke is obtained in every two
revolutions of the crankshaft as the cycle
is completed in four-strokes of the piston
or in two revolutions of the crankshaft.

* One power stroke in two revolutions of the
crankshaft makes the turning movement of
the shaft non-uniform and hence a heavier
flywheel is needed to rotate the shaft
uniformly.

» Power produced for the same size of the
engine is less and for the same power output,
the engine is larger in size, because only one
power stroke is obtained in two revolutions.

¢ It contains valves and valve mechanism.

» Because of heavy weight and complicated
valve mechanism, the initial cost is high.

* Due to positive scavenging and greater
time of induction, its thermal efficiency
and volumetric efficiency are higher.

* Used where high efficiency is important
as in automobiles, power generation and
aeroplanes.

* Normally water-cooled, the wear and tear is
therefore less. It consumes less amount of
lubricant. The lubricant is placed in the
crankcase. It is not mixed with the fuel.

One power stroke is obtained in each revolution
of the crankshaft as the cycle is completed in two
strokes or in one revolution of the crankshaft.

The turning movement of the shaft is more uniform
and hence a lighter flywheel is needed to rotate
the shaft uniformly.

Power produced for the same size of the engine is
more and for the same power output, the engine is
smaller in size, because one power stroke is
obtained in every revolution.

It has ports. Some engines are fitted with exhaust
valve or reed valve.

It is light in weight and has no valve mechanism.
Its initial cost is therefore low.

It has lower thermal efficiency and volumetric
efficiency. Some of the fresh charge escapes unburnt
during scavenging in petrol engines.

Used where low cost, low weight and compactness
are important as in scooters, mopeds, lawnmowers,
motor cycles, etc. Two-stroke diesel engines are
used in very large sizes for ship propulsion because
of low weight and compactness.

Normally air-cooled, the wear and tear is therefore

‘more. It requires more amount of lubricant. Usually,
mobil oil is mixed with fuel.
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CLASSIFICATION OF INTERNAL COMBUSTION ENGINES BY APPLICATION

Class Service Approximate range Predominant [ype
of engine power oy ,rS1 No.of Method of
(kW) strokes  cooling
Road vehicles Motor eycles, scooters 0.75-375 S1 24 A
Small passenger cars 15-75 | 4 AW
Heavy passenger cars 75-375 3] 4 W
Light commercial 37.5-150 S1,ClI 4 W
Heavy (long distance) 112.5-375 Cl 4 W
commercial
Off-road vehicles Light vehicles 1.5<15 S1 2.4 AW
(Factory, airport, ete.)
Agriculrre 3-150 SLCI 2,4 AW
Earth moving 35150 a 2,4 W
Military 37.5-1875 L 2,4 AW
Raiiroad Rail cars 150-375 CL 2d W
Locomotives ' 375-3000 CT 2.4 W
Marine Cutboard 0.4-15 S1 2 W
Inboard motorboats 4-750 SILCA 4 W
Light naval craft 30-2250 I 2.4 W
Ships 3750-22500 I 2.4 W
Ships' auxiliaries T5-150 Cl 4 w
Airborne vehicles  Airplanes 502600 | 4 A
Helicopters 50-1500 51 4 A
Home use Lawnmowers {.75-3 SI 2.4 A
Snow blowars 245 SL 2.4 A
Light tractors 2-7.5 i | 4 A
Stationary Building service 7.5-373 a 2,4 W
Electric powsr 40-22,50¢ I 2,4 W
Gas pipe line 750-3750 St 2,4 w
Special for racing  Vehicles and boats 73-1500 SI 4 W
Toys Model airplanes, antos, ete. 0.01-04 HW 2 A

Sl—Spark ignition, CI—Compression ignition, HW—hot-wire ignition carburetted mixture,
Sowrce: Taylor, C.E: The fnternal Combustion Engine in Theory and Practice, Vol. 2, Table 10-1, MIT
press, Cambridpe, Massachusetts, 1968.
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THERMODYNAMIC ANALYSIS OF | C ENGINES

According to first law of thermodynamics energy can neither be created nor be

destroyed. It can only be converted from one form to other. Therefore there must be

energy balance of Inputs and Outputs.

WP
T

In reciprocating IC engine, fuel
fed the

chamber where it burns in air,

is in combustion

converting its chemical energy

into heat. The whole of this =

energy cannot be utilized for
driving the piston as there are
losses to exhaust, to coolant
and to radiation.

The
converted into power and it is

remaining energy is

, Fual snergy
--:I ------ * ------------ .- o T W

Energy in fuel

1p

L.

Energy loss in exhaust,
~ coolant, radiation etc.
~ j~Energy loss in friction,

pumping etc.
i

energy in fuel
. bp
energy in fuel

Nith =

Nbth =

bp

- Mm -
ip

called INDICATED POWER and it is used to drive the piston. The energy represented
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by the gas forces on the piston passes through the connecting rod to crank shaft. In this
transmission there are energy losses due to bearing, friction, pumping losses etc. In
addition, a part of the energy available is utilized in driving the auxiliary devices like feed
pump, valve mechanism, Ignition system etc. The sum of all these losses, expressed in
power units is termed as FRICTIONAL POWER. The remaining energy is the useful
mechanical energy and it is termed as BRAKE POWER. In energy balance normally we
do not show Frictional power, because ultimately this energy is accounted in exhaust,
cooling water, radiation, etc.

The engine performance is indicated by term EFFICIENCY. Five important engine
efficiencies are defined below.
1.Indicated thermal efficiency ( =)

It is the ratio of energy in the indicated power, IP to the input fuel energy in appropriate

units.
E i
| t e @ F .
n h f L E i f
q Energ? in fuel per s_gcond = mass of fuells x calorific valge of fuel n g
I |
2 BrakécThermaI Efﬁ(i_jﬁncy (ng)c r |
Brake thermal efficiemgy is the r4tio of energy in the brake povggr, BP, to the input fuel
energy tn appropriatelunits. e y
e n
¢ C -
E i B
B t e Y m, F ,
r h f B E i f
ﬁ ? Energy in _fuel per second = Rass of fuel/s )Jeltalorific vanjegf fuel
I
e m c r |
3 Mechanical Efficiency (1 uej+) g

Mechanical efﬁcie'ncy is defffed as the ratio of brake p¥wer (delivered power) to the

n
indicated power (power proviged to the piston).
y

B P
I P

7 F

<

Fo =

E
f
f

DO @
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Mechanical Efficiency can also be defined as the ratio of the brake thermal efficiency to
the indicated thermal efficiency.

4 Volumetric Efficiency ( Nw)

Volumetric efficiency is an indication of breathing capacity of engine and it is defined as

the ratio of air actually induced at ambient conditions to swept volume of engine.

M ot ¢ |
\ e @, F
o f ){ M oc r db S m a N
I f I a fh e y W e tT

Ig’asis

(7

'ﬁqis can be ;b'alculated consideri§g massﬁ)r voluﬁme Ltis prefer%)le to use mas

:?s it indepen'gent on temperature and pregsure oizair takenin !

r n n °
% Relative Efficiency (1) P |o
Yy

e u
Relative efficiency or efficiency ratio is ratio of thermal efficiency of an actual cycle to
that of ideal cycle.

A T e
R E o, F
e f A S e
| f g it f

The other ?mportant icparameters of engine R/vhi(?‘h are alsls important to evaluate

performance of enging are defined below. d c
v e a i
1.Air Fuel r&tio ( A/F) dt Fuel air (F/A) ratio: g ﬁ

C
The relative proportioy\s of the fuel and air in engine are gery important from the
standpoint of combustion and efficiency of the engine. This ¥s expressed as ratio of
mass of the fuel to that of air or vice versa,

In Sl engine the fuel ratio remains constant over a wide range of operation. In a Cl
engine at a given revolution air flow does not vary with load, it is the fuel that varies with
the load. Therefore, the term Fuel air ratio is generally used instead of Air fuel ratio.

A E , ( :M oa c |.u t
i u a A M of ¢ i u t
r e t /

| |
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2.Stoichiometric air fuel ratio

A mixture that contains just enough amount of air for complete combustion of fuel is
called chemically correct or stoichiometric A/F ratio,

Mixture having less air than required for complete combustion is termed as rich mixture
and mixture which contains air than required is termed as lean mixture. The ratio of
actual air fuel ratio to stoichiometric air fuel ratio is called Equivalence ration and is
denoted by ¢

A af r
E er 0 »
q a S t af r
u ?
E e r'v 6)= me(b)ns chemically correct mixture
a <1 means lean mixture
I

> 1 means rich mixture

n
3.Calorific valyie of fuel ( CV)
Calorific value of a fuel is the thermal energy released per unit quantity of fuel when the

fuel is burned completely and products of combustion are cooled back to the initial
temperature of the combustible mixture.

4 .Specific fuel consumption ( SFC)

It is the fuel consumption per kW per hour. Brake specific fuel consumption (bsfc) and
indicated specific fuel consumption(isfc) are the specific fuel consumption on BP and IP
basis. This is important parameters for comparing the performance of two different
engines or comparing the performance of the same engine at different loads.

b = M kg
s B p kWh
f r o]
€ a w
L SR kg
s 1 Ty kWh
f n (]
. d w
Where m is the mass of tﬁe fuel supplied. ¢
r

e
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5.Mean Effective Pressure ( MEP)

MEP is the average pressure inside the cylinders of an IC engine based on calculated
or measured power output. It increases as the manifold pressure increases. For any
particular engine, operating at a given speed and power output, there will be specific
indicated mean effective pressure, IMEP and a corresponding brake mean effective
pressure BMEP. Indicated power can be shown as

| L n [kW] B =K B L n [kW]
P 6 1

where K - Number of cylinders , L — stroke length (m), A- area of piston (m2)
n - Number of power strokes N/2 for four stroke engine, N for 2 stroke
N - Speed in revolution per minute ( RPM)

6. Specific power output ( Ps)

Specific power output of an engine is defined as the power output per unit piston area
and is a measure of the engine designer’s success in using the available piston area

regardless of cylinder size.

{"W } = K[BMEP [x[Mean  piston speed |
A Lm?

Where K - constant®
a

The specific power shown to be proportional to product of mean effective pressure and
piston speed ( 2LN). Thus the specific power output consists of two components, Viz.,
the force available to work and speed with which it is working. This for the same piston
displacement and BMEP, an engine running at higher speed will give higher output. It
is clear that the output of the engine can be increased by increasing the speed or
BMEP. Increasing the speed involves increase in mechanical stresses of various
components , for increasing BMEP, better heat release from the fuel is required and this
will involve more thermal load on the engine.
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TUTORIAL 1- REVIEW OF BASIC PRINCIPLES IN | C ENGINES.

1.A four stroke Sl engine develops 37.5 kW at 85% mechanical efficiency . The SFC is
0.385 kg/kWh. The air fuel ratio is 15. Take CV of the fuel as 42 MJ/kg. find IP and FP,

/AU Fuel consumption and air consumption per hour.
L
E

m—w

2.The following observations were obtained during a trial on four stroke diesel engine
Cylinder Diameter-20 cm, Stroke of the piston—40 cm, rank shaft speed - 400 rpm,
Brake load - 80 kg, Brake drum diameter — 2m, IMEP - 8 bar, Diesel oil consumption —
1 liter/min, Specific gravity of diesel — 0.78,CV of the fuel — 44000 kJ/kg.Find IP, FP,BP

AL/ Y/
T
E

m-
TomZ

3. A Person conducted a test on single cylinder two stroke petrol engine and found that
mechanical and brake thermal efficiencies were 70 % and 20 %. The engine with IMEP
of 10 bar and runs at 400 RPM . Consuming fuel at a rate of 4.4 kg/hour. Given that
calorific value of the fuel is 44000 kJ/kg. stroke to bore ratio is 1.2. find the bore and
stroke of engine.

4. Four stroke Cl engine of 5 MW capacity requires 5 kW to start the engine. The fuel
consumption at the full load is 2000 kg/ hour. A/F — 25 Take CV of the fuel as 42 MJ/kg.

find IP, U/ and air consumption per hour.
T T E
E E C

5. The AF ratio uséd in SI engine of 80 kW capacity is 15:1. Find the amount of air
consumed by the engine at full load when ny = 25%. Also find out m3 of air and m3 of

B
fuel required per hour if density of air pa =8 2kg /m3 and pf =3.5kg /m3 Take CV of
the fuel as 42500 kJ/kg.
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AIR STANDARD CYCLES

In internal combustion engines, the conversion of heat energy into mechanical work is a
complicated process. As the working fluid passes through the engine and combustion of
fuel takes place, complicated chemical, thermal, and physical changes occur. Friction
and heat transfer between the gases and cylinder walls in actual engines, make the
analysis more complicated. To examine all these changes quantitatively and to account
for all the variables, creates a very complex problem. The usual method of approach is
through the use of certain theoretical approximations. The two commonly employed
approximations of an actual engine in order of their increasing accuracy are

(a) air-standard cycle

(b) fuel-air cycle.

They give an insight into some of the important parameters that influence engine

performance.

In the air-standard cycle the working fluid is assumed to be air. The values of the
specific heat of air are assumed to be constant at all temperatures. This ideal cycle
represents the upper limit of the performance, which an engine may theoretically attain.
One step closer to the conditions existing in the actual engine is to consider the fuel-air
cycle. This cycle considers the effect of variation of specific heat with temperature and
the dissociation of some of the lighter molecules that occur at high temperatures.

AIR-STANDARD CYCLE

The analysis of the air-standard cycle is based upon the following assumptions:

1. The working fluid in the engine is always an ideal gas, namely pure air with constant
specific heats.

2. A fixed mass of air is taken as the working fluid throughout the entire cycle. The cycle
is considered closed with the same air remaining in the cylinder to repeat the cycle. The
intake and exhaust processes are not considered.

3. The combustion process is replaced by a heat transfer process from an external

source.
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4. The cycle is completed by heat rejection to the surrounding until the air temperature
and pressure correspond to initial conditions. This is in contrast to the exhaust and
intake processes in an actual engine.

5. All the processes that constitute the cycle are reversible.

6. The compression and expansion processes are reversible adiabatic.

7. The working medium does not undergo any chemical change throughout the cycle.

8. The operation of the engine is frictionless.

Because of the above simplified assumptions, the peak temperature, the pressure, the
work output, and the thermal efficiency calculated by the analysis of an air-standard
cycle are higher than those found in an actual engine. However, the analysis shows the
relative effects of the principal variables, such as compression ratio, inlet pressure, inlet
temperature, etc. on the engine performance.
In the present chapter, we shall study the following air-standard cycles
(a) Otto cycle
(b) Diesel cycle

OTTO CYCLE OR CONSTANT VOLUME CYCLE

A German scientist, A. Nicolaus Otto in 1876 proposed an ideal air-standard cycle with
constant volume heat addition, which formed the basis for the practical spark-ignition
engines (petrol and gas engines). The cycle is shown on p—V and T—s diagrams in
Figure 2.1(a) and Figure 2.1(b) respectively.

V = constant

V = constant
="y

Il
'
'
H
' >V > 5
l

(a) p—V diagram (b) T-s diagram
Figure2.1 Otto cycle.
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At point 1, the piston is at the bottom dead centre (BDC) position and air is trapped
inside the engine cylinder. As the piston moves upwards with valves closed, air is
compressed isentropically, represented by process 1—2. At point 2, the piston reaches
the top dead centre (TDC) position. Heat is supplied to the air from an outer source
during the constant volume process 2—3. In an actual engine, it is equivalent to burning
of fuel instant by an electric spark. At point 3, air is at its highest pressure and
temperature. It is now able to push the piston from TDC to BDC and hence produces
the work output. This process of expansion is an isentropic process represented by
process 3-4. At the end of this expansion process, the heat is rejected at constant
volume represented by process 4—1. The cycle is thus completed.

Let us summarize:

Process 1—2 is reversible adiabatic or isentropic compression. There is no heat
transfer.

Process 2—3 is reversible constant volume heating.

Process 3—4 is reversible adiabatic or isentropic expansion. There is no heat transfer.

Process 4—1 is reversible constant volume heat rejection.
V, = swept volume
V. = clearance volume
Vi = total cylinder volume =V, + V,

_ total cylinder volume
" clearance volume

Compression ratio,

Yy
A2
Thermal efficiency of any cycle, _
_ work done _ heat supplied — heat rejected
= hieat supplied heat supplied

_ heat rejected _ - O
heat supplied o
where
Q, = heat supplied during the cycle
O, = heat rejected.

Let us try to express thermal efficiency of above cycle in terms of compression ratio.
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The variation of

compression ratio is taken

from 4 to 12. These are the S nr vl
possible values in spark- :; 60

ignition engines. Figure 2.2 é 50 - v=ts
shows that the thermal | é 40}

efficiency of the cycle & 30f

increases with the increase 2 ! . . ,

in compression ratio. At a ) ° Comgression ratio,lg B

. . . Figure2.2 Themmal efficiency vs, compression ratio for different values of the adiabatic exponent ¥
higher value of adiabatic penemy

exponenty , the efficiency also increases.
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DIESEL CYCLE OR CONSTANT PRESSURE CYCLE

Rudolf Diesel in 1892 introduced this cycle. It is a theoretical cycle for slow speed
compression ignition Diesel engine. In this cycle, heat is added at constant pressure
and rejected at constant volume. The compression and expansion processes are

isentropic. The p-V and T—s diagrams are shown in Figure 2.4(a) and Figure 2.4(b)

respectively.
4 T
p = constant
]
i 3
]
H V = constant
[}
i 2
[}
1
: 4
]
1
]
i
; ! 1
: i vV s
~— ¥, —
(a) p - V diagram (b) T— s diagram

Figure 2.4 Diesel cycle.
Let us summarize:
Process 1—2 is isentropic compression. There is no heat transfer.
Process 2—3 is reversible constant pressure process. Heat is supplied during this
process.
Process 3—4 is isentropic expansion. There is no heat transfer.
Process 4—1 is reversible constant volume process. Heat is rejected during this

process.
Heat supplied, Q1 =mc,(T3 - T)
Heat rejected, @y =me(Ty-T))
Thermal efficiency, n=1-~ %2-
1
_me(T -1
mc p(T3 -T)
-1-1 (Iﬁﬂ)
Y\L-T,
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Let us define two ratios that are useful in analysis of the Diesel cycle:

1.Compression ratio,( r) - It is the ratio of the total cylinder volume to the clearance volume, I' = v

2
2. Cut-off ratio, ( B ) . At point 3, the heat supplied (i.e. the fuel supply in an actual engine) is cut-off. The
ratio of the volume at the point of cut-off to the clearance volume or the volume from where the heat

supplied begins is called the cut-off ratio, i.e.

Let us now try to express thermal efficiency of above cycle in terms of compression ratio and cut off ratio.
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TUTORIAL 2 — AIR STANDARD CYCLES

BASIC PROBLEMS ON OTTO CYCLE

1. Gas engine working on Otto cycle has a cylinder bore of 200 mm and a stroke length of
250mm. The clearance volume is 1579 cm3.. The pressure and temperature at the beginning of
compression are 1 bar and 27 deg C. Max. Temperature of the cycle is 1400 deg C. Determine
the pressure and temperature at salient points, ASE, WD and MEP ( for air take C,=0.718
KJ/Kg. K. R =0.287KJ/Kg K also calculate the ideal power developed by engine if the number
of working cycle per minute is 500. (Answer: ASE - 51.16%, WD - 4.26 KJ, MEP- 5.424 Bar
Power - 35.5 kW)

2. A petrol engine is supplied with fuel having a calorific value of 42000 KJ/kg. The pressure in
cylinder at 5% and 75% of compression stroke are 1.2 bar and 48 bar. Assume compression
follows law find the compression ratio of engine, if the relative efficiency compared to ASE is
60%. Calculate the specific fuel consumption is kg/kWh. (Answer: 0.241 kg/kWh)

3. An engine working on Otto cycle has a volume of 0.45 m3.pressure 1 bar and temperature of
30 deg C at the beginning of compression stroke. At the end of the compression stroke the
pressure is 11 bar , 210 KJ of heat is added at constant volume . Determine the pressure
temperature and volume at the salient points in cycle. Percentage clearance, Efficiency, Net
work per cycle . MEP, Ideal power developed if the number of working cycles per minute is 210 .
assume cycle is reversible.

BASIC PROBLEMS ON DIESEL CYCLE

4. In an air standard Diesel cycle, compression ration is 16, cylinder bore is 200mm and stroke
is 300 mm. compression begins at 1bar and 27 deg C. The cut off takes place at 8% of the
stroke , Determine

i) Pressure, temperature and volume at all salient points, ii) Cut off ratio , iii) WD/cycle

iv) ASE,v) MEP, (Answer Pressure-2.2, WD 07.792 kJ, 60.4%, 8.21 bar)

5. In an engine working on Diesel cycle , air fuel ratio is 30:1. The temperature of air at the
beginning of compression is 27 deg C. compression ratio is 16:1. What is ideal efficiency of
engine based on ASE, CV of the fuel is 42000 kJ/kg ( Answer - 58.9%)
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FUEL AIR CYCLES

The theoretical cycle based on actual properties of the cylinder gas is called FUEL AIR
Approximation. It provides a rough idea for comparison with actual performance. The Air
standard cycle gives an estimate of engine performance which is much greater than actual
performance. For example : Actual indicated thermal efficiency of a petrol engine of say 7:1
Compression ratio is in order of 15 % where as Air standard efficiency is in order of 54%. Main
reason of divergence is over simplification in using the values of properties of working fluid for

the cycle analysis, non - instantaneous buring and valve operations and incomplete

combustion.

In air cycle approximation we have assumed that air is a perfect gas having constant specific
heats. In actual engine , working fluid is not air but mixture of air ,fuel and exhaust gases.
Further more, specific heats of working fluid are not constant but increase with rise in
temperature and at high temperature the combustion products are subjected to dissociation.

Assumption made for Fuel air cycle

The following assumptions are made for the analysis of Fuel air cycle

¢ Prior to combustion there is no chemical change in either fuel or air

e Subsequent to combustion ,the change is always in chemical equilibrium

¢ There is no heat exchange between the gases and the cylinder wall in any process. That
is processes are adiabatic. In addition, expansion and compression process are
frictionless.

¢ In case of reciprocating engines, it is assumed that fluid motion can be ignored inside
the cylinder

¢ The burning takes place instantaneously at TDC ( in the case of petrol engines)

e The fuel is completely vaporized and perfectly mixed with the air ( for petrol engines)
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Factors considered for Fuel air cycles

i).The actual composition of the cylinder gases: The cylinder gases contain fuel, air, water

vapour in air and residual gas. During the operation of engine Fuel/Air ratio changes which
changes relative amount of CO2, water vapour also etc.

ii).Variation of specific heats of gases with the temperature rise. Specific heat increase with

temperature except for mono-atomic gases.

iii). The effect of dissociation : The fuel air mixture does not completely combine chemically at

high temperature (above 1600K), therefore , at equilibrium conditions of gases like CO2, H2 Oz
may be present.

iv) Variation in the number of molecules : The number of molecules present after combustion

depend upon fuel air ration and upon the pressure and temperature after combustion.

|. THE ACTUAL COMPOSITION OF THE CYLINDER GASES

The air fuel ratio changes during the engine operation. This change in air fuel ratio affects the

composition of the gases before combustion as well as after combustion particularly the
percentage of carbon dioxide, carbon monoxide , water vapour etc. in the exhaust gases.

In four stroke engines, fresh charges as it enters the engine cylinder comes in contact with the
burnt gases left in the clearance space of the previous cycle. The amount of exhaust gases
varies with speed and load on the engine. Fuel air cycle analysis takes into account the fact and
the results are computed using COMBUSTION Charts. Today this types of analysis is done
using computer.

II.VARIATION OF SPECIFIC HEATS OF GASES

The specific heat of any substance is the ratio of the heat required to raise the temperature of a

unit mass of substance through one degree centigrade. In case of gases temperature can be
raised in two ways : either at constant pressure or at constant volume. Accordingly we have tow
specific heats Cp and C, . In general specific heats are not constant. The specific heats varies
largely with temperature but not so significantly with pressure expect at high pressure.
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REASONS FOR VARIATION OF SPECIFIC HEATS OF GASES.
The internal energy of gas is largely due to 0.36

translational, rotational and vibrational energy of ~ °** P -
molecules. The energy of vibration increases :: epc%fi;
rapidly with temperature and since only 0128 ,/ ;//
translational energy is measured by temperature, 026 )é; W

specific heat must increase to account for 0’0,24 / 7 #—;L___ii'____
absorption of energy which increases the vibration. g“-‘-” e

Thus the energy of vibration of poly atomic gas will #0209 ~

undergo considerable change with temperature Z:: f/

and also specific heat. The change of specific heat ol -
of monatomic gases is not considerable as 0.2

molecules of monatomic gases has only 010

translational energy. o08 ' :z:!lmm:r.
Figure shows the effects variation of specific heats . ::: — .

of representative gases with temperature v2o |- ¥ [for Gl
Note : K =C¢/ Cv _'COOTM:.,,,UV,, - m,.q 5000

Change of Internal Energy during a process with variable specific heat ( July 2007)

Small change in internal energy of unit mass of a gas for small change in temperature is given by

du=C, dt

Now we put Cv =b + KT and integrate between state 1 and 2.
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U, —u, = Cvm (t 2 t 1 ) , Where Cvm is known as mean specific heat at constant volume

Home work : Derive an expression for heat transfer during a process with variable

specific heat.

Change of Entropy during a process with variable specific heat
Let p1, vi,T1and pz, v2,T2 be the initial and final conditions of the gas; then the change in entropy is

given by
d dv C dt dv C,dt
ds = 7? - pT * % - RT + T | PU C, =b+KT and integrate between state 1 and 2
Let P =—p2v2 =In TL =In P> +1n el
et us now use T T T ” ;
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s2—sl=a IH(TQ -1 ) - (d - b)ln(%j + K(Tz - T1) is the required equation.
1

Effect of variable specific heats on Air Standard Cycle efficiency of OTTO cycle

— 1 CP
We already know that n= 1- 71 using R=—

dn (1 -1 j( dC
=" y-D)I r—x, . _
n n n C is the required equation.

v

Home work : Prove that variation of efficiency of DIESEL CYCLE with variation of Cy

as

_ ¥

dn :_(1 77)(7_1){1 ln e 0’ .In p} dC,
y

n /4 p’ =1 C

v
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TUTORIAL 3 — VARIATION OF SPECIFIC HEATS OF GASES

1.Petrol engine having a compression ratio, uses a fuel with a calorific value of 42 MJ/kg. The
air fuel ration is 15:1. Pressure and temperature at the start of the suction stroke is 1 bar and
57 deg C. respectively. Determine the maximum pressure in the cylinder if the index of
compression is 1.3 and specific heat at constant volume is given by C,=0.678+0.00013 T,
where T is in Kelvin. Compare this value when C,=0.717 KJ/Kg.  ( VTU July/Aug 2005)

2.The air fuel ratio of a Diesel engine is 29:1. If the compression ratio is 16:1 and temperature at
the end of the compression is 900 K. Find at what cylinder volume the combustion is complete
Express this volume as percentage of stroke. Assume that combustion begins at TDC and takes
place at constant pressure. Take calorific value of the fuel as 42 MJ/kg, R = 0.287 kJ/kg K and
Specific heat at constant volume is given by C,=0.709+0.000028T, where T is in Kelvin. ( VTU
July 2007)

3.The combustion in a diesel engine is assumed to begin at IDC and to be at constant pressure.
The A/F ratio is 28:1, the calorific value of the fuel is 42 MJ/kg K and specific heat of product of
combustion is given by C,=0.71+20 x 105 T, where T is in Kelvin. R for the product = 0.287
kJ/kg K . if the compression ratio is 14:1 and temperature at the end of the compression is 800
K . Find at what percentage of the stroke combustion is complete. ( VTU July 2006)

4.An engine working on the OTTO cycle having compression ratio 7, uses hexane (CgH14) as
the fuel. The calorific value of the fuel is 44000 kJ/kg. The air fuel ratio of the mixture is 13:67:1
Determine 1) the percentage molecular change ii) pressure and temperature at the end of
combustion with and without considering the molecular contraction. Assume C,=0.712 kJ/kg K ,
compression follows the law PV'3= C. The pressure and temperature of the mixture at the
beginning of compression are 1 bar and 67 deg C. ( VTU Dec 06 / Jan 2007)

4. Detemine the effect of percentage change in efficiency of OTTO Cycle having a compression
ratio of 8.If the specific heat at constant volume increases by 1%.

5. A Diesel engine uses a compression ratio of 20. The cut off is 5 % stroke at a particular load.
The value of specific heat at constant volume increase by 1%. Find the percentage change in
ASE. Take C,=0.72 kJ/kg K and R for the product = 0.287 kJ /kg K. repeat for cut off of 10 %
and 15 % of the stroke. What can you deduce from this?
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LOSS DUE TO VARIATION OF SPECIFIC HEAT IN OTTO CYCLE. ( VTU- Jan 07/ Feb 06)

ideal o

—== (v} Entropy
i) B¥ Dingram for Otie Cycle 7 (hYT# Diayenes for Otta Cyeie

The specific heats of gases increase with increase of temperature. Since the difference
between Cp and Cv is constant, the value of ¥ decreases as the temperature increases. During
compression stroke, if the variation of specific heats is taken into account, the final temperature
and pressure would be lower than if the constant specific heats are used. With the variable
specific heat the point at the end of the compression is slightly lower than 21 instead of 2.

At the end of compression pressure and temperature will be lower due to variation of Cyv. Thus ,
it is seen that effect of variation of specific heats is to lower temperatures and pressure at point
2 and 3 and hence to deliver less work than the corresponding cycle with constant specific

heats

Home work :

Explain with the help of the following diagrams, the loss due to variation of specific heats in
Diesel cycle

4 Crela with
4 Taviable
specific heat
1
—ign. W
{a) -V Diagram for Dissel Cycle (8} T» Diagram for Dissal Gyclo
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I11.LOSS DUE TO DISSOCIATION EFFECT (VTU JULY 2006)

Dissociation is a process of disintegration of combustion products at high temperature. This can

also be considered as reverse process to combustion. During dissociation , heat is absorbed
where as during combustion heat is released. In | C engines , mainly dissociation of CO. into
CO and O2 occurs , whereas there is a little dissociation of H20

Dissociation of C0 ( at 1000 deg C)
C02; < 2 CO + Oz+ heat

Dissociation of O2 ( at 1200 deg C)
2H0 <& 2 Ho+ O+ heat

The arrows in both directions in the above equations indicate that, limiting temperature is
attained when the reaction has same rate for either direction.

Dissociation , in general , lowers the temperature and consequently pressures at the beginning
of the stroke and causes a loss of power and efficiency. If the mixture is weaker, it gives

temperature lower than those required for dissociation to take place. If the mixture is richer,
during combustion it gives out CO and O2 both of which suppresses the dissociation of COs.

EFFECT OF DISSOCIATION ON MAX TEMPERATURE OF THE CYCLE

Figure shows the effect of dissociation on 0 ' mT 1
the maximum temperature for different 2000 " f

F/A ratio. In the absence of the 4 MF..{L‘
dissociation, max temperature occurs at
chemically correct F/A ratio, with W \
dissociation, the maximum temperature With dissocialicn

occurs when mixture is slightly 10% rich.

The dissociation reduces the maximum

temperature by about 300 deg C even at

chemically correct air fuel ratio.

1800

-08 «04 -02 0 0.2 04 0.8
Daggros of ricinaas ——p
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EFFECT OF DISSOCIATION ON POWER ( VTU JULY 2006)
The effect of dissociation on Brake power
for four stroke Sl engine at constant RPM
is shown in the Figure. BP of engine is / / f y /aﬂmmm
maximum when the air fuel ratio is 1 r 7
stochiometric and there is no dissociation. ><: g__ i -
The depth of shaded area between 2 BP \ : N
curves shows the loss of power due to "\ 35 ‘Speciic ksl consumption ><
dissociation at Fuel air mixture . When the i I P
mixture is lean there is no dissociation. As Ruch > Waak

. . . 1 12 13 M 15 18 17 8 W M o=

the mixture becomes rich maximum Air-foal rabo

temperature rises and dissociation starts.

The maximum dissociation occurs at stoichiometric air fuel ratio. The dissociation starts

declining at rich mixture because of increased quantity of CO in burned gases.

EFFECT OF DISSOCIATION ON OTTO CYCLE

The effect of dissociation on Otto cycle is shown in
adjacent figure. Because of lower maximum
temperature due to dissociation , the maximum
pressure of cycle also falls and state of gas after
combustion is shown by point 3'instead of 3. If
there is no re-association during expansion , the
expansion follows the process 3'-4'1 but if there is
some re-association , due to fall of temperature ,
then the expansion follows the process 3'-41 . It is
obvious from the figure, the phenomenon causes
loss of power and efficiency of the engine.

Home work :

e Why dissociation effect is not pronounced in Cl Engine ?.
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IV. VARIATION IN THE NUMBER OF MOLECULES :

The number of moles or molecules present in cylinder after combustion depends upon the A/F
ratio and extern of reaction in cylinder. According to gas law, pV = MRT, where V molal

volume , M is the number of kg moles. R is the universal gas constant . It is obvious from the

equation that pressure depends on the moles present. This has direct effect on the amount of
work developed by the gases in the cylinder.

ACTUAL CYCLES

Actual cycle efficiency is much lower than Air standard efficiency due to various losses

occurring in actual engine operations. They are :

1.

N o g ks~ DN

Losses due to variation of specific heats
Chemical equilibrium losses or dissociation losses
Time losses

Losses due to incomplete combustion

Direct heat losses

Exhaust blow down gases

Pumping losses.

If we subtract losses due to variable specific heat and dissociation from the air standard cycle

we get fuel air cycle analysis and if we further subtract other above losses form fuel air cycle

we can very closely approximate the actual cycle.

Thaoretics oyl

recl
Characlerisiics
of 1he ful-air
medum becomes

Which modified 10
account for combausinon
losses timmg inssrs
dwect higal loEses
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Factors that affect the deviation of actual cycles from Theoretical cycle. ( Jan 06/ July 05)

Actual cycle for IC engine differ from Air standard cycles in many respects as listed below
1. Working substance is not air. But mixture of air, fuel during the suction
and compression and many gases during the expansion and exhaust.
2. Combustion of fuel not only adds heat but changes the chemical
composition
3. Specific heat of gases changes with respect to temperature
4. The residual gases change the composition , temperature and amount
of fuel charge.
The constant volume combustion is not possible in reality
Compression and expansions are not isentropic
There is always some heat loss due to heat transfer from hot gases.
There is exhaust blow down due to early opening of exhaust valve

© © N o o

There are losses due to leakages and friction

COMPARISION OF AIR STANDARD CYCLE, FUEL AIR CYCLE AND ACTUAL CYCLE IN SI ENGINE ON THE
BASIS OF OPERATION AND WORKING MEDIA. ( VTU JULY 2006)

AIR CYCLE

e The working medium is air throughout the cycle. It is assumed to be an ideal gas with

constant properties.

¢ The working medium does not leave the system, and performs cyclic processes.

e There are not inlet and exhaust strokes.

¢ The compression and expansion processes are isentropic.

e The heat addition and rejection are instantaneous at T.D.C. and B.D.C. respectively, at
constant volume.

FUEL-AIR CYCLE

¢ The cylinder gases contain fuel, air, water vapour and residual gases.

e The fuel-air ratio changes during the operation of the engine which changes the relative
amounts of CO water vapour etc.

e The variations in the values of specific heat and ¥ with temperature, the effects of
dissociation, and the variations in the number of molecules before and after combustion
are considered.
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Besides taking the above factors into consideration, the following assumptions are commonly
made for the operation in

¢ No chemical change prior to combustion.

e Chis always in equilibrium after combustion.

e Compression and expansion processes are frictionless, adiabatic.

¢ Fuel completely vaporized and mixed with air.

¢ Burning takes place instantaneously, at constant volume, at T.D.C.
The fuel air cycle gives a very good estimate of the actual engine with regards to efficiency,
power output, peak pressure, exhaust temperature etc.

ACTUAL CYCLE

e The working substance is a mixture of air and fuel vapour, with the products of combustion

left from the previous cycle.

¢ The working substance undergoes change in the chemical composition.

e Variation in specific heats takes place. Also the temperature and composition changes
due to residual gases occur.

¢ The combustion is progressive rather than instantaneous.

¢ Heat transfer to and from the working medium to the cylinder walls take place.

e Exhaust blow down losses i.e. loss of work due to early opening of the exhaust valves
take place.

¢ Gas leakage and fluid friction are present.

COMBUSTION CHARTS (VvTU JULY 2007, AUGUST 2005, February 2006)

Combustion charts or Equilibrium charts are thermodynamic charts embodying characteristics

of cylinder gases that are employed for computing fuel air cycles , avoiding laborious
calculations. J.B. Heywood developed a new set of charts in Sl units, following the approach of
Newhall and Starkman. Nowadays, these charts are not much used and have been replaced by
computer models. However, these charts are useful to analyze the fuel-air cycles where a
limited number of calculations are required.

Two types of charts are developed for each fuel:

1. Unburned mixture charts for the properties of gases before combustion.

2. Burned mixture charts for the properties of burned gases after combustion under chemical
equilibrium.
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Unbumed Mixture Charts
The properties of the gases depend upon the air/fuel ratio and the residual gases in the mixture.

For different operating conditions of the engine the air/fuel ratio and the amount of residual
gases change, therefore an infinite number of charts would theoretically be required. However,
a limited number of charts are used to cover the range of mixtures normally used in Sl engines.
The thermodynamic charts developed for unburned mixtures are designed specifically for
application to internal combustion engine cycle processes. The thermodynamic properties of
each of the fuel- air mixtures considered are represented completely by a set of two charts. The
first is indeed for use in the determination of mixture temperature, pressure and volume at the
beginning and end of the compression process, and the other is for the determination of the
corresponding internal energy and enthalpy values.

Burned Mixture Charts.
These charts are prepared on the basis of combustion of 1 kg of air with specific weight of fuel.

The combustion product composition was considered to include H, H2, H20, OH, CO, CO2,
N,N2,0,02 and NO. Energy, enthalpy and Entropy values for each of chemical species over full
range of temperatures can be obtained from these charts. In addition, the determination of
equilibrium products composition requires equilibrium constants for each of dissociation
reactions. Professor J B Heyhood used data from JANAF thermodynamic data tables published
by the Joint army Navy air force panel on Chemical thermodynamics. Each chart is a plot of
internal energy versus entropy for a particular fuel and equivalence ratio. Lines of constant
temperature, pressure and specific volumes are drawn on each chart. Figure 4.19 shows one
these charts using Iso octane as fuel with a equivalence ration of 1.0 for illustration purpose.
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LNEW SCHEME |

Sixth Semester B.E. Degree Examination, July 2007
Mechanical Engineering

Iinternal Combustion Engines

Time: 3 bre [Max. Marks:100
Note ;: Answer any FIVE full questions.

1 1n/‘ What are combustion charts? Where theses are used and why? (05 Marks)

»5. Derive an expression for change of internal energy and enthalpy during a process

with wariable specific heats. (03 Marks)

< The air-fuel ratio of a Diesel engine is 29;1. If the compression ration is 16:1 and the
temperammre at the end of compression is 900 K, find at what cylinder volume the
combustien is complete. Express this volume as percentage of stroke. Assume that
the corabustion begins at the top dead center and takes place at constant pressure.
Take esaforific value of the foel as 42 mI/kg, R = 0.287 k)/kgK sud C, = 0.709 +
0.060028T kl/kgK. ' (10 Marks)

2 x Discuss the effect of the following parameters on the flame propagation of 3I
engines: i} A:F mtio ii) Compression ratio iif} RPM of the engine iv} Engine load

v) Turbukence. {10 Marks)

5. What are the factors that limits the compression ratio in Petrol engine? {04 Murks)

¢ Explam the difference between: i) Pre-ignition i) Anti-ignition iii) Detonation.

(06 Marks)

3 i Explain the effect of the following factors on delay period: i) Fuel propertics
ii) Intake temperature iii} Compression ratio iv) Engine speed v) Type of combustion

chamber ¥i) Engine speed. (12 Marks)

A Explain briefly the phenomenon of “Diesel Knock™. {84 Marks)

£ What do you mean by Knock rating of Diesel fuel? {04 Marks)

4 _a” Draw neat layout of T and F head combustion chambers. Discuss their advantages and
disadvantages. (18 Marke)

Jr What are the requirements of CI combustion chamber for Diesel engines? Explain

why weak mixtures give betier efficiency in CI engines. (10 Marks)

§ a. Explainshe reasons for looking for alternate fuels for IC engines. {4 Murks)

b. Explain alcohols as alternate fuels for IC engines bring gut their merits and demerits.

(06 Marks)

¢. With a neat sketch explain the working principle of a SU carburetor. (10 Marks)

6 a. How are injection systems classified? Describe them briefly. What are the limitations

of air injection system? (10 Marks)

b. Draw a typical heat balance sheet of IC engine. {05 Marks)

¢. Why over heating and over cooling of IC engines is harmful? {05 Marks)

7  a. Expiain with neat sketches various types super changing arrangements. (1% Marl}

b. Explsin seatified charge engines and give their classification. (06 Marks)

¢. State the advantages and disadvantages of stratified charge engines. (04 Marks)

8  Write short notes on the following:
AT Spurces of pollutants from IC engines pp¥ Effects of engine emissions on human health
;«)’éﬂmal reactor package j?SI engine emission control. {20 Marks)

e ik
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| NEW scREME |

Sixth Semester B.E, Degree Examination, Dec. 06 / Jan. 07
' Mechanical Engineering

Internal Combustion Engines

Time: 3 hrs.} [Max. Marks:100

Note : Answer any FIVE full questions.
1 & Explain with the help of a p.v. diagram, the Joss due to variation of specific heats in

Otto cycle. {08 Marks)
\}./;nn engine working on the Otto cycle having compression ratio 7, uses hexane
(CsHis} as the fuel. The calorific value of fuel is 44000 kJ/kg. The air fuel ratio of the
mixture is 13.67:1, Determine i) The percentage molecular change ii) Pressure and
temperature at the end of combustion with and without consideting the molecular
change. Assume Cv = 0.712 ki/kgK, compression follows the law pv'? = C. The
pressure and temperature of the mixture at the beginning of compression are 1 bar

and 67°C respectively. (12 Merks)

2 _a” Explain the effect of the following engine variables on flame propagation :

1) Fuel-air ratio

ii} Compression matio

iii) Turbulence

iv) Engine load (03 Mnrks)
A Explain the phenomenon of knocking in SI engine, (08 Marks)
" Explain the effect of the following factors on knock in SI engine :

i) Compression ratio

ii) Super charging

iii) Turbulence

iv) Octane rating of fuel. (74 Marks)

3 4" Witha suitable p-v diagram explain the stages of combustion in CI engine. (08 Marks}

A7 Explain the effect of following factors on the delay period -

i) Engine speed

iiy Engine output

iii} Compression ratio

iv) Injection timing
& Explain the following :

i) Cetane number

iiy Ddesel index. {04 Marks)

& What are the basic requirements of a good 51 engine combustion chamber? Explain
them. . (03 Murks)
&‘ﬂtﬂ:b and explain the side valve (L-Head) combustion chamber. {04 Marks)
o What is indirect Injection Type (IDT) combustion chamber? With & sitabic sketch
explain Ricordo Swirl combustion chamber. {18 Marks)

Comid...2 .,

{08 Marks)
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5 a QOivethe gencral chemieal formula of the following constituents of crude petroleum.
i) Paraffin :
ii} Napthane
iif) Olefin
iv) Aromatic series
Also give their molecular armngements and mention whether they are saturated or
unsaturatesd {12 Marks)
b. With a neat sketch explain the working principle of a simple carburetor. (08 Marks)

6 a What are the functional requirements of an injection system? With a neat sketch

explein the single cylinder Jerk pump fuel injection system. {12 Marks)

b. Explain the necessity of engine cooling. {06 Marks)

¢. Listany two advantages of tiquid cooling system. o (02 Marks)

7 o Whatis supercharging? Huw 1a it achieved? (04 Marks)
b. What is a stratified charge engine? Describa with sketch Broderson method of charge
stratification. (o8 Marlu}

c. With a suitable sketch explain the working of & kad rotery combustion engine.

(08 Marks)

8 _a” Explain the mechanism of formation of CO and NG, in petrol engines. (06 Mirks)

}I Describe the EGR (Exhaust Gas Recirculation) device For the control of NO,.
{08 Marks)

&7 With a suilable sketeh oxplain the eatalytic converter. (05 Marin)

—
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Sixth Semester BE Degres Einminaﬁnn, July 2006
Mechanical Engineering =
Internal Combustion Engines

Time: 3 hrs,] ' [Max. Marks:100

Note: !, Answer any FIVE full questions.

1w Compare air cycle, fusl-air cycle and actual cycle of ST engine on the basis of

operations and working media. {06 Murks)
Vb. The combustion in a diesel engine iz assumed to begin at IDC and to he at

constant pressure, The A/F ratio is 28:1, the calorific valve of the fuel is 42
MI/kg and the specific heat of products of combustion is given by :
Cy=0.71 + 20 x 10° T ki/kg K, where T is in K.
R for the products = 0.287 ki/kgK
If the compression ratio is 14:1 and the temperature at the end of compression
is 800K, find at what percentage of the stroke combustion is completed,

{10 Markz)

% Explain briefly the effect of dissociation on power. (04 Marks)

2 _a Discuss briefly the stages of combustion in SI engines with the help of
pressure-crank angle diagram. (05 Marks)

J List and explain briefly the engine variables that will have influence on the
ftame propagation. (06 Marks)

£ Bxplain with neat sketches knocking in 81 engines. (06 Marks)

3 s How does the combustion phenomenon in CI engines differ from that of 8]
engines? Briefly explain. (D4 Marks)

A" Expiain briefly the stages of combustion in CI engines, {03 Marka)

& List and explain briefly the effect of various factors on delay period in CI
engings. (08 Marks)

4 7 What are the basic requirements and the objectives of good cembustion
chamber design? {05 Marks)

. Explain briefly :

i) Induction swirl

iy Squish and tumble

iil) Turbulence (06 Marks)
A With neat sketches briefly explain :

iy Ricardo’s turbulence head combustion chamber.,

i} Divided combustion chamber..

-~ iii} M-type combustion chamber. (09 Marks)

Cond.... 2
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Page No... 2 MEGH7
5 a. Explain briefly the mixture requirements for an SI engine. {04 Marks)
b. What are the limitations of the simple carburetor? How are they overcome by
incorporating compensating devices? {08 Marky)

c. Determine the sizes of fuel orifice to give a 13.5 : 1 air-fuel ratio, if the
venturi throat has 3em diameter and the pressure drop in the venturi is 6.5¢m
H%. The air temperature and pressure at carburetor entrance are 1 bar and
27°C respectively, The fuel orifice is at the same level as that of the float
chamber, Take density of gasoline as 740 kg/m® and discharge coefficient as
unity. Assume atmospheric pressure to be 76cm of Hg, {08 Marks)

6 a. Explain briefly ;
iy  Air Injection.

ii) Airless injection methods used in CI engines. (14 Marks)

b. What are the merits and limitations of petro] injection? (06 Marks)

c. Discuss briefly the methods of cooling used in internal combustion engines
giving their advantages and disadvantages. (D8 Maria)

7 a What are the advantages and disadvantages of stratified charge engines?
(06 Mark)

b. What are the requirements of a multi-fuel engine? List the difficulties
associated with multi-fuel operation. {06 Marks)

¢. Briefly explain the working of Wankel rotary combustion engine. (08 Marks)

8  Write short notes on any four of the following :

Catalytic converter package,

Cold starting of C1 engines.

Compressed natural gas.

Electronic fuel injecticn,

Emission control in automobiles.

Water infection. (20 Marks)

o onop
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Sixth Semestor B.E. Degree Examination, Janucry/February 2006
Mechanical Enginesrng

Intemal Combustion Engines

Time: 3 hra) (Mox.Maorks : 100
Nola: Answer ony FIVE full questions.

1. “)’f Why actual cycles differ from the Ideal cycles? List out the recaseons. {8 Marks)
‘Bﬂ/ Explain the effect of variabla specific heat on Otto cycie on a PV diagrc?'ﬁniﬂm
mhai aiy combustion chorfs? Explain, (6 Marks)

2. ey Describe briefly e vorlous stoges of combustion in spark Ignition engines with help

of P-# diagrarm, (& Morke)
o Whiat Is detonation? Explain any two affacts of detonation, {8 Mawks)
_‘(c)/ How are 5. engine fuels rotad 7 Explain, {4 Marks)

3. What Is Ignition delay or ignition log? Name and describa the two components of

ignifton dalay perlod, (1 Marks)

_ jﬁf What is diasel knock? Explain the methods of controlling dlesel knock. (10 Morks)

4. e What are the basic requiremants of a gocd combustion chamber far spark ignition
enghnos” . {10 Marksy

4Y Explcin with ¢ diagraom M-combustion chamizer. List s advantages. {10 Moks)

8. {a) Briafly explain the chemical structurs of patroleurn. (5 Mcaks)
by Discuss briafly akochols as diosal englne fusls, {5 Markz)
{c) Exprain with o neat sketch, the working of a simple carburetior. (10 Marks}

6. (o) With o schematic diagram explgin the working of Jeck pump Injection sys’rehT
€10 Marks)
by Expicin with ¢ neat skatch thamostat comtrolled coollng systam. £10 Morrke)
7. (o) What is supercharging? What are ifs objactives? {4 Marks}
{b) Explain the suporcharging of 5. angines. {8 Marks)
¢y Whot is shratifiod chorge angina? What are lts odvantages ond dlmdvcnf(ggesiﬂ

M
8. ,(df What are the main pollutants emitted by peirol engine? Bxploin, (8 Marks)
Dafina total emission confrol package. Expioin with a neat sketch, the working
principla of themnal reoctor packogs. (12 Marks)

e 2 R
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Sixth Semester B.E. Degree Examination, July/August 2005
Mechanical Enggineering
Internal Combustion Engines
Time: 3 hrs.] IMax Marks : 100
Note: Answer any FIVE full questions.

1. lain the different factors that affect the deviation of actual cycles from theolelics! cyclos.
(a}, Exp cyc {g‘fm’]

46§ Explain briefly the combustion chart (B Marks)

,ﬁc} A petrol engine ha|1-rin';i|J a compression ratio 6, uses a fusl with a calosific value of
42M J/kg. The air fugl ratio is 15:7. Pressure and temperature ol the start of the
suction stroke is 1 bar and 57°C respsclively. Delesmine the maximum pressure in the

inder if the index of compression is 1.3, and the specific heat al constant volume is
given by Cy = 0.678 + 0.00013T, where T is in kekin, Compare this value whan

Co=0.71TkJ/k {8 Marin)

2. fay Explain the three differeni stages In Sl engine combustion. {8 Markn)
by Briefly explain the effect of various engine operating varizbles on Sl engine knocking.

' {% Marks)

Y Explain briefly HUCR and octana No. {4 Mencaj

3. Jaf Describe the requirements of S! engina Combustion chambst. {4 Marks}

) "Explain with 2 neat skatch, F lsad and | lead combustion chamber. {10 Maris)

¥ Explain the role of swrl in diese) engines. {6 Marks}

4. (a) Briefly explain the afietnalive fuals for diesel engines. {0 Marks)

LAY Explain with 2 neat skelch M type combustion chamber. {10 Marks)

_jeF Explain the influence of chemical struclure on kmocking in diasel engines. {4 Marka)

5. (a) Briefly axplain the mixture requirements for S.1. engine. {6 Marke)

) Whal are the limitations of the simple carburater. . {4 Marke)

{¢} Explain with a neat sketch working of a constant vaccum carburater. {10 Marks)

6. () Explain with a neat skeich jerk pump injection system. {12 Marks)

() Explain with a neat sketch the muli point fuel injection systern (pont injaction). @ Marks)

7. (%) Describa the air cooling system and compare it with cther cocling systems. {8 Marks)

{b) With a neat skeich describe the forced water cooling system of an automobile duly bringlng
out the mle played by the thermastat and radiator. {12 Marks)

Contd... 2
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8. Wiite short notes on any FOUR of the following : .
&) Super charging of IC engines
by Siratified charga engines
c) Rotary pision engines
dt Emission control in automobies
g} Water injection
H Cataitic convertars, (20 Marks)

L
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