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THERMODYNAMICS
AIM & OBJECTIVE
 Familiarize the students to understand the fundamentals of thermodynamics.
 Integrate the concepts, laws and methodologies in thermodynamics into analysis of
cyclic processes.
 Learn about thermodynamic systems and boundaries
 Study the basic laws of thermodynamics including, conservation of mass, and
conservation of energy or first law, second law and Zeroth law.
 Understand various forms of energy including heat transfer and work

 Identify various types of properties (e.g., extensive and intensive properties)

PRE-TEST
1. Which of the following variables controls the physical properties of a perfect gas
(a) Pressure
(b) Temperature
(c) Volume
(d) all of the above
2. The unit of temperature in S.I. units is
(a) centigrade
(b) kelvin
(c) celcius
(d) fahrenheit
3. General gas equation
(a) PV = nRT
(b) PV = mRT
(c) PV = C
(e) Cp – Cv = R.
4. Temperature of a gases is produced due to
(a) Its heating value
(b) Kinetic energy of molecuels
(c) Repulsion of molecuels
(d) None of the above

5. Energy has different forms which include
a) heat
b) work
c) all of the mentioned
d) none of the mentioned

6. Which of the following represents the energy in storage?
a) heat
b) work
c) internal energy
d) none of the mentioned

7. By first law of thermodynamics,
a) Q=ΔE-W
b) Q=ΔE+W
c) Q=-ΔE-W
d) Q=-ΔE+W

PREREQUISITES
 Engineering Physics

THEORY BEHIND
SYLLABUS: THERMODYNAMICS
UNIT - I SYSTEM AND LAWS OF THERMODYNAMICS
Closed and open systems – equilibrium – first law – second law – reversibility – entropy –
processes – heat and work transfers- entropy change – Carnot’s cycle.

INTRODUCTION
Thermodynamics is the study of heat energy and other types of energy, such as
work, and the various ways energy is transferred within chemical systems. “Thermo-” refers
to heat, while “dynamics” refers to motion.

Fig. 1. Carnot heat engine showing the hot body (boiler), working body (system, steam), and
cold body (water)

The behavior of these quantities is governed by the laws of thermodynamics which
convey a quantitative description using measurable macroscopic physical quantities, but may be
explained in terms of microscopic constituents by statistical mechanics. Thermodynamics applies
to a wide variety of topics in science and engineering, especially physical chemistry, chemical
engineering and mechanical engineering, but also in other complex fields such as meteorology.

Aspects of Thermodynamics:
Thermodynamics and Energy Thermodynamics can be defined as the study of energy,
energy transformations and its relation to matter. The analysis of thermal systems is
achieved through the application of the governing conservation equations, namely
Conservation of Mass, Conservation of Energy (1st law of thermodynamics), the 2nd law of
thermodynamics and the property relations. Energy can be viewed as the ability to cause
changes.
Energy exists in many forms, such as heat, light, chemical energy, and electrical energy.
Energy is the ability to bring about change or to do work. Thermodynamics is the study of
energy.

Approaches to studying thermodynamics
–

Macroscopic (Classical thermodynamics)

•

study large number of particles (molecules) that make up the substance in
question

•

does not require knowledge of the behavior of individual molecules

–

Microscopic (Statistical thermodynamics)

•

concerned within behavior of individual particles (molecules)

•

study average behavior of large groups of individual particles

Thermodynamic System
–

quantity of matter or a region of space chosen for study

System:
We need to fix our focus of attention in order to understand heat and work interaction. The body
or assemblage or the space on which our attention is focused is called system. The system may be
having real or imaginary boundaries across which the interaction occurs. The boundary may be
rigid and sometimes take different shapes at different times. If the system has imaginary
boundary then we must properly formulate the idea of system in our mind.
Surroundings:
Everything else apart from system constitutes surroundings. The idea of surroundings gets
formulated the moment we define system. System and surroundings together form what is
known as universe.
Closed system:
If the system has a boundary through which mass or material cannot be transferred, but only
energy can be transferred is called closed system. In an actual system, there may not be energy
transfer. What is essential for the system to be closed is the inability of the boundary to transfer
mass only.
Open system:
If the system has a boundary through which both energy and mass can transfer, then it is called
open system.

Isolated System
An isolated system is that system which exchanges neither energy nor matter with any other
system or with environment.

Thermodynamic Properties:
Variables such as pressure, temperature, volume and mass are properties. A system will have a
single set of all these values.
Intensive properties:
The properties that are independent of amount contained in the system are called extensive
properties. For example, take temperature. We can have a substance with varying amount but still
same temperature. Density is another example of intensive property because density of water is
same no matter how much is the water. Other intensive properties are pressure, viscosity, surface
tension.

Examples: temperature, pressure, color
Extensive properties:
The properties that depend upon amount contained in the system are called extensive
properties. Mass depends upon how much substance a system has in it therefore mass is an
extensive property.

Examples: volume, mass, total energy
State:
It is defined as condition of a system in which there are one set of values for all its properties. The
properties that define the state of a system are called state variables.

There is certain minimum number of intensive properties that requires to be specified in order to
define the state of a system and this number is uniquely related to the kind of system. This
relation is phase rule which we shall discuss little later.
Process:
The changes that occur in the system in moving the system from one state to the other is called a
process. During a process the values of some or all state variables change. The process may be
accompanied by heat or work interaction with the system.
Equilibrium state:
A system is said to be in thermodynamic equilibrium if it satisfies the condition for thermal
equilibrium, mechanical equilibrium and also chemical equilibrium. If it is in equilibrium, there
are no changes occurring or there is no process taking place.
Thermal equilibrium:
There should not be any temperature difference between different regions or locations within the
system. If there are, then there is no way a process of heat transfer does not take place.
Uniformity of temperature throughout the system is the requirement for a system to be in thermal
equilibrium.Surroundings and the system may be at different temperatures and still system may
be in thermal equilibrium.
Mechanical equilibrium:
There should not be any pressure difference between different regions or locations within the
system. If there are, then there is no way a process of work transfer does not take place.
Uniformity of pressure throughout the system is the requirement for a system to be in
mechanical equilibrium.Surroundings and the system may be at pressures and still system may
be in mechanical equilibrium.
Chemical equilibrium:
There should not be any chemical reaction taking place anywhere in the system, then it is said to
be in chemical equilibrium. Uniformity of chemical potential throughout the system is the
requirement for a system to be in chemical equilibrium.Surroundings and the system may have
different chemical potential and still system may be in chemical equilibrium.
Thermodynamic process:
A system in thermodynamic equilibrium is disturbed by imposing some driving force; it
undergoes changes to attain a state of new equilibrium. Whatever is happening to the system
between these two equilibrium state is called a process. It may be represented by a path which is
the locus all the states in between on a p-V diagram as shown in the figure below.
For a system of gas in piston and cylinder arrangement which is in equilibrium, altering
pressure on the piston may be driving force which triggers a process shown above in which the
volume decreases and pressure increases. This happens until the increasing pressure of the gas

equalizes that of the surroundings. If we locate the values of all intermediate states, we get the
path on a p- V diagram.
Quasi-static process:
Quasi means „almost‟ . A quasi-static process is also called a reversible process. This process is a
succession of equilibrium states and infinite slowness is its characteristic feature.

Cycles
–

A process (or a series of connected processes) with identical end states

TEMPERATURE
The temperature is a thermal state of a body which distinguishes a hot body from a cold
body. The temperature of a body is proportional to the stored molecular energy i.e., the average
molecular kinetic energy of the molecules in a system. (A particular molecule does not have a
temperature, it has energy. The gas as a system has temperature). Instruments for measuring
ordinary temperatures are known as thermometers and those for measuring high temperatures
are known as pyrometers.
It has been found that a gas will not occupy any volume at a certain temperature. This
temperature is known as absolute zero temperature. The temperatures measured with absolute
zero as basis are called absolute temperatures. Absolute temperature is stated in degrees
centigrade. The point of absolute temperature is found to occur at 273.15°C below the freezing
point of water.Then: Absolute temperature = Thermometer reading in °C + 273.15.
Absolute temperature is degree centigrade is known as degrees kelvin, denoted by K (SI
unit).
ZEROTH LAW OF THERMODYNAMICS
‘Zeroth law of thermodynamics’ states that if two systems are each equal in temperature to a
third, they are equal in temperature to each other.

Zeroth law of thermodynamics
WORK AND HEAT
Mechanics definition of work: Work is done when the point of application of a force moves in
the direction of the force. The amount of work is equal to the product of the force and the
distance through which the point of application moves in the direction of the force. i.e., work is
identified only when a force moves its point of application through an observable distance.
Mathematically, W = ∫ 𝐹. 𝑑𝑥
However, when treating thermodynamics from a macroscopic point of view, it is advantageous to
tie in the definition work with the concepts of systems, properties and processes.
Sign Conventions for work:
Work is said to be positive, if it is done by the system on the surroundings
System

Positive work
Work is said to be negative, if it is done on the system by the surroundings
System

Negative work
Therefore, W system + W surroundings = Zero

The unit of work is N-m or Joule. The rate at which work is done by, or upon, the system is
known as power. The unit of power is J/s or watt.
Work is one of the forms in which a system and its surroundings can interact with each other.
There are various types of work transfer which can get involved between them.

Thermodynamic definition of work: It is a kind of interaction that would occur at the system
boundaries. It can be positive or negative. Definition of Positive work is said to be done by a
system when the „sole effect‟ external to the system could be reduced to the raising of a
weight.

Consider a piston-cylinder arrangement which contains certain working fluid undergoing quasistatic process.
Let p = Pressure exerted by the fluid on the piston A = Area of c/s of the cylinder
dx = displacement of the piston when the system has undergone an infinitesimal change of state.
Displacement work: dw = Force x displacement
= p.A x dx i.e.,
dw = p.dV
Where dv is the infinitesimal change in volume of the system. If the system undergoes a finite
change of state from state (1) to state (2).
Then the displacement work is given by

Heat: Heat is a mode of energy transfer that takes place between the system and the
surroundings solely due to the temperature difference. Thus, heat is a transient phenomenon. It
can be recognized only during a process. It is not a thermodynamic property of the system. Like
work, heat is a path function i.e., the magnitude of heat transfer between the system and
surroundings depends upon the type of process the system is undergoing.
Heat transfer is considered as positive if it takes place from the surroundings to the system and it
is considered as negative if it takes place from the system to the surroundings.
During an adiabatic process, Q = 0
Units: Since heat is a form of energy transfer it will have the same units as that of energy. In SI
units it is expressed in Joules (J) or Kilo Joules (kJ).
Comparison between work and heat: Similarities:
Both are path functions and inexact differentials.
Both are boundary phenomenon i.e., both are recognized at the boundaries of the system as they
cross them.

Both represent transient phenomenon; these energy interactions occur only when a system
undergoes change of state i.e., both are associated with a process, not a state. Unlike properties,
work or heat has no meaning at a state.
A system possesses energy, but not work or heat.
Concepts of heat and work are associated not with a store but with a process.
Dissimilarities:
Heat is energy interaction due to temperature difference only; work is by reasons other than
temperature difference.
In a stable system, there cannot be work transfer; however there is no restriction for the transfer
of heat.
The sole effect external to the system could be reduced to rise of a weight but in the case of a heat
transfer other effects are also observed.
Heat is low grade energy whereas work is a high grade energy

Heat Capacity
Look at Q = ∆U + W
Heat capacity is defined to be the heat required to raise the temperature of a system by 1K
(=1º C). Its SI units are J/K.
Heat capacity at constant volume (CV)
Heat capacity at constant pressure (Cp)
First Law of Thermodynamics: Energy can be changed from one form to another, but it
cannot be created or destroyed. The total amount of energy and matter in the Universe
remains constant, merely changing from one form to another. The First Law of
Thermodynamics (Conservation) states that energy is always conserved, it cannot be
created or destroyed. In essence, energy can be converted from one form into another.

(a) The first law of thermodynamics applied to metabolism. Heat transferred out of the
body (Q) and work done by the body (W) remove internal energy, while food intake
replaces it. (Food intake may be considered as work done on the body.) (b) Plants
convert part of the radiant heat transfer in sunlight to stored chemical energy, a
process called photosynthesis.

Problems on first law of thermodynamics

1. A gas contained in a cylinder fitted with a frictionless piston expands against
a constant external pressure of 1 atm from a volume of 5 litres to a volume of
10 litres. In doing so it absorbs 400 J of thermal energy from its
surroundings. Determine the change in internal energy of system.

Solution:
Given data
q = 400 J
V1=5L
V2 = 10L

∆u = q-w (heat is given to the system (+q); work is done by the system(-w)
∆u q - PdV
= 400 – 101.33 (10-5)

[∴ 1 L atm = 101.33 J]

=400 - 506.65
=- 106.65 J
2. 3000 J of heat is added to a system and 2500 J of work is done by the system.
What is the change in internal energy of the system?
Given data :
Heat (Q) = +3000 Joule
Work (W) = +2500 Joule
To find: the change in internal energy of the system
Solution :
The equation of the first law of thermodynamics
ΔU = Q-W
The sign conventions :
Q is positive if the heat added to the system
W is positive if work is done by the system

Q is negative if heat leaves the system
W is negative if work is done on the system
The change in internal energy of the system :
ΔU = 3000-2500
ΔU = 500 Joule
Internal energy increases by 500 Joule

3. The internal energy of a system decreases by 200J. If 50 J of heat rejected by
the gas, then how much energy is transfered as work? Is the work done positive
or negative?
Given data
U = -200 J
Q = -50 J
To find : Work
Solution:
By first law of thermodynamics
Q=W +U
-50 = W – 200
W = 150 J
Work is + (positive sign) which indicates that the work is done by the system

First law of thermodynamics to non-flow process or closed system
 Constant volume (isochoric) process
 Constant pressure (isobaric) process
 Constant temperature (isothermal) process.
 Adiabatic process.
 Polytropic process
 Hyperbolic process
 Throttling process
 Free expansion process
First law of thermodynamics to flow process or open system

 Steady Flow Energy Equation – Boiler, condenser, compressor, nozzle and turbine
The Second Law of Thermodynamics states that "in all energy exchanges, if no energy
enters or leaves the system, the potential energy of the state will always be less than that of
the initial state." This is also commonly referred to as entropy.

The zeroth law of thermodynamics defines thermal equilibrium and forms a basis for the
definition of temperature. It says that if two systems are each in thermal equilibrium with a
third system, then they are in thermal equilibrium with each other.
The third law of thermodynamics states that a system's entropy approaches a constant
value as the temperature approaches absolute zero.

APPLICATIONS


All types of vehicles that we use, cars, motorcycles, trucks, ships, aeroplanes, and
many other types work on the basis of second law of thermodynamics and Carnot
Cycle. They may be using petrol engine or diesel engine, but the law remains the
same.



All the refrigerators, deep freezers, industrial refrigeration systems, all types of airconditioning systems, heat pumps, etc work on the basis of the second law of
thermodynamics



One of the important fields of thermodynamics is heat transfer, which relates to
transfer of heat between two media. There are three modes of heat transfer:
conduction, convection and radiation. The concept of heat transfer is used in wide
range of devices like heat exchangers, evaporators, condensers, radiators, coolers,
heaters, etc.



All types of air and gas compressors, blowers, fans, run on various thermodynamic
cycles.



Thermodynamics also involves study of various types of power plants like thermal
power plants, nuclear power plants, hydroelectric power plants, power plants based
on renewable energy sources like solar, wind, geothermal, tides, water waves etc,



Renewable energy is an important subject area of thermodynamics that involves
studying the feasibility of using different types of renewable energy sources for
domestic and commercial use.

MCQ POST-TEST
1.Which of the following represents the energy in storage?
a) heat
b) work
c) internal energy
d) none of the mentioned

2. By first law of thermodynamics,
a) Q=ΔE-W
b) Q=ΔE+W
c) Q=-ΔE-W
d) Q=-ΔE+W
3. What does a nozzle do?
a) decreases the velocity of a fluid at the cost of its pressure gain
b) increases the velocity of a fluid at the cost of its pressure drop
c) increases the velocity of a fluid and also its pressure
d) none of the mentioned.
4. Fluid flow through which of the following throttles the flow?
a) partially opened valve
b) orifice
c) porous plug
d) all of the mentioned
5. Turbines and engines ____ positive power output, and compressors and pumps ____
power input.
a) require, give
b) give, require
c) give, give
d) require, require
6. When there is mass transfer across the system boundary, the system is called
a) isolated system
b) closed system
c) open system
d) none of the mentioned
7. Example of reversed heat engine is
a) heat pump
b) refrigerator
c) both of the mentioned
d) none of the mentioned
8. Quality indicates the
a) mass fraction of liquid in a liquid vapour mixture
b) mass fraction of vapour in a liquid vapour mixture

c) both of the mentioned
d) none of the mentioned
9. The Otto cycle is the
a) air standard cycle of CI engine
b) air standard cycle of SI engine
c) vapour power cycle of CI engine
d) vapour power cycle of SI engine
10. The correct sequence of processes in CI engine is
a) intake->fuel injection and combustion->compression->expansion->exhaust
b) intake->compression->fuel injection and combustion->expansion->exhaust
c) intake->compression->expansion->fuel injection and combustion->exhaust
d) intake->compression->exhaust->fuel injection and combustion->expansion
11. The processes in CI engine cycle is completed in ____ strokes of piston and ____
revolutions of crankshaft.
a) four, four
b) two, two
c) two, four
d) four, two
12. In Dual cycle,
a) all the heat is added at constant volume
b) all the heat is added at constant pressure
c) some heat is added at constant volume and remaining at constant pressure
d) none of the mentioned.
13. The first stage of compression is done in ____ cylinder and next stage in ____
cylinder.
a) both in high pressure cylinder
b) both in low pressure cylinder
c) high pressure, low pressure
d) low pressure, high pressure
14. In perfect intercooling, gas from intercooler has temperature equal to
a) inlet temperature
b) outlet temperature
c) intercooler temperature
d) all of the mentioned

Refrigeration is the cooling of any system below its surroundings temperature.
a) true
b) false

CONCLUSION
Upon completion of this course, Students should be able to
 Recognize Thermodynamic Principles to Mechanical Engineering Application.
 Recognize the mathematical fundamentals to study the properties of steam, gas and
gas mixtures.
 Recognize the different gas power cycles and use of them in Internal Combustion
Engines.
 Analyze the performance of the Air Compressors.
 Distinguish the fundamentals of Refrigeration and Air conditioning systems
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VIDEO LINK
https://www.youtube.com/watch?v=F_NmS-Wy2lE
ASSIGNMENT
1.

Write about the fundamentals of thermodynamics.

2.

Explain the applications of thermodynamics in real life.
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THERMODYNAMICS
AIM & OBJECTIVE
 To understand and apply the concept of non-flow

and flow process

inthermodynamics

 Apply the thermodynamic various non-flow and flow process into various thermal
application like Steam boilers, Turbines, Compressors

PRE-TEST
1. If all the variables of a stream are independent of time it is said to be in
(a) steady flow (b) unsteady flow
(c) uniform flow (d) closed flow
(e) constant flow.
2. A control volume refers to
(a) a fixed region in space (b) a specified mass
(c) an isolated system (d) a reversible process only
(e) a closed system.
3. Internal energy of a perfect gas depends on
(a) temperature, specific heats and pressure (b) temperature, specific heats and enthalpy
(c) temperature, specific heats and entropy (d) temperature only.
4. In reversible polytropic process
(a) true heat transfer occurs (b) the entropy remains constant
(c) the enthalpy remains constant (d) the internal energy remains constant
(e) the temperature remains constant.
5. An isentropic process is always
(a) irreversible and adiabatic (b) reversible and isothermal
(c) frictionless and irreversible (d) reversible and adiabatic

THEORY BEHIND
SYLLABUS: THERMODYNAMICS
UNIT - I SYSTEM AND LAWS OF THERMODYNAMICS
Closed and open systems – equilibrium – first law – second law – reversibility – entropy –
processes – heat and work transfers- entropy change – Carnot’s cycle.

Relationship Between Two Specific Heats
Consider a perfect gas being heated at constant pressure from T1 to T2.
According to non-flow equation,
Q = (U2 – U1) + W
Also for a perfect gas,
U2 – U1 = mcv (T2 – T1)
Q = mcv (T2 – T1) + W
In a constant pressure process, the work done by the fluid,
W = p(V2 – V1)
= mR(T2 – T1)
On substituting
Q = mcv (T2 – T1) + mR(T2 – T1) = m(cv + R) (T2 – T1)
But for a constant pressure process,
Q = mcp(T2 – T1)
By equating the two expressions, we have
m(cv + R)(T2 – T1) = mcp(T2 – T1)
∴cv+ R = cp
orcp– cv = R
Enthalpy
— One of the fundamental quantities which occur invariably in thermodynamics is thesum of
internal energy (u) and pressure volume product (pv). This sum is called
Enthalpy (h).
i.e., h = u + pv...(4.24)
— The enthalpy of a fluid is the property of the fluid, since it consists of the sum of aproperty
and the product of the two properties. Since enthalpy is a property like internal energy,
pressure, specific volume and temperature, it can be introduced into anyproblem whether the
process is a flow or a non-flow process.
The total enthalpy of mass, m, of a fluid can be
H = U + pV, where H = mh.
For a perfect gas,

Referring equation (4.24),
h = u + pv
FIRST LAW OF THERMODYNAMICS
= cvT+ RT

[pv=mrt]

= (cv + R)T
= cpT

[R=cp-cv]

h = cpT
andH = mcpT.
Ratio of Specific Heats
The ratio of specific heat at constant pressure to the specific heat at constant volume is
given the symbol  (gamma).
 = cp/cv
In general, the approximate values of γ are as follows :
For monoatomic gases such as argon, helium = 1.6.
For diatomic gases such as carbon monoxide, hydrogen, nitrogen and oxygen = 1.4.
For triatomic gases such as carbon dioxide and sulphur dioxide = 1.3.
For some hydro-carbons the value of γ is quite low.
[e.g., for ethane γ = 1.22, and for isobutane γ = 1.11]

Problems

MCQ POST-TEST
1. A reversible process requires that
(a) there be no heat transfer (b) newton’s law of viscosity be satisfied
(c) temperature of system and surroundings be equal
(d) there be no viscous or coloumb friction in the system
(e) heat transfer occurs from surroundings to system only.
2. The first law of thermodynamics for steady flow
(a) accounts for all energy entering and leaving a control volume
(b) is an energy balance for a specified mass of fluid
(c) is an expression of the conservation of linear momentum
(d) is primarily concerned with heat transfer

(e) is restricted in its application to perfect gases.
3. The characteristic equation of gases pV= mRTholds good for
(a) monoatomic gases (b) diatomic gas
(c) real gases (d) ideal gases
(e) mixture of gases.
4. A gas which obeys kinetic theory perfectly is known as
(a) monoatomic gas (b) diatomic gas
(c) real gas (d) pure gas
(e) perfect gas.
5. Work done in a free expansion process is
(a) zero (b) minimum
(c) maximum (d) positive
(e) negative.
6. Which of the following is not a property of the system ?
(a) Temperature (b) Pressure
(c) Specific volume (d) Heat
(e) None of the above.
7. In the polytropic process equation pvn= constant, if n = 0, the process is termed as
(a) constant volume (b) constant pressure
(c) constant temperature (d) adiabatic
(e) isothermal.
8. In the polytropic process equation pvn= constant, if n is infinitely large, the process is
termed as
(a) constant volume (b) constant pressure
(c) constant temperature (d) adiabatic
(e) isothermal.

CONCLUSION
Upon completion of this course, Students should be able to
 Recognize Thermodynamic non flow and flow process
 Recognize the thermodynamic flow process applications
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VIDEO LINK
https://www.youtube.com/watch?v=F_NmS-Wy2lE
ASSIGNMENT
1.

Express the equations of work done, heat, and change in internal energy for nonflow process.

2.

Derive equation for steady flow energy equation.
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PRE-TEST
1. Second law of thermodynamics defines
(a) heat (b) work (c) enthalpy
(d) entropy (e) internal energy.
2. For a reversible adiabatic process, the change in entropy is
(a) zero (b) minimum (c) maximum
(d) infinite (e) unity.
3. For any reversible process, the change in entropy of the system and surroundings is
(a) zero (b) unity (c) negative
(d) positive (e) infinite.
4. For any irreversible process the net entropy change is
(a) zero (b) positive (c) negative
(d) infinite (e) unity.
5. The processes of a Carnot cycle are
(a) two adiabatic and two constant volume
(b) one constant volume and one constant pressure and two isentropics
(c) twoadiabatics and two isothermals (d) two constant volumes and two isothermals
(e) two isothermals and two isentropics.
6. Isentropic flow is
(a) irreversible adiabatic flow (b) ideal fluid flow (c) perfect gas flow
(d) frictionless reversible flow (e) reversible adiabatic flow.
7. In a Carnot engine, when the working substance gives heat to the sink
(a) the temperature of the sink increases
(b) the temperature of the sink remains the same
(c) the temperature of the source decreases
(d) the temperatures of both the sink and the source decrease

(e) changes depend on the operating conditions.

THEORY BEHIND
SYLLABUS: THERMODYNAMICS
UNIT - I SYSTEM AND LAWS OF THERMODYNAMICS
Closed and open systems – equilibrium – first law – second law – reversibility – entropy –
processes – heat and work transfers- entropy change – Carnot’s cycle.

It may be written as,

dS = (dQ/T)

MCQ POST-TEST
1. If the temperature of the source is increased, the efficiency of the Carnot engine
(a) decreases (b) increases
(c) does not change (d) will be equal to the efficiency of a practical engine
(e) depends on other factors.
2. The efficiency of an ideal Carnot engine depends on
(a) working substance (b) on the temperature of the source only
(c) on the temperature of the sink only
(d) on the temperatures of both the source and the sink
(e) on the construction of engine.
3. In a reversible cycle, the entropy of the system
(a) increases (b) decreases
(c) does not change (d) first increases and then decreases
(e) depends on the properties of working substance.
4.A frictionless heat engine can be 100% efficient only if its exhaust temperature is
(a) equal to its input temperature (b) less than its input temperature
(c) 0°C (d) 0°K (e) – 100°C.
5. Kelvin-Planck’s law deals with
(a) conservation of energy (b) conservation of heat (c) conservation of mass
(d) conversion of heat into work (e) conversion of work into heat.
6. Which of the following statements is correct according to Clausius statement of second
law of
thermodynamics ?
(a) It is impossible to transfer heat from a body at a lower temperature to a body at a higher
temperature

(b) It is impossible to transfer heat from a body at a lower temperature to a body at a higher
temperature,
without the aid of an external source.
(c) It is possible to transfer heat from a body at a lower temperature to a body at a higher
temperature by
using refrigeration cycle
(d) None of the above.
7. The property of a working substance which increases or decreases as the heat is supplied or
removed in a
reversible manner is known as
(a) enthalpy (b) internal energy
(c) entropy (d) external energy.
8. The entropy may be expressed as a function of
(a) pressure and temperature (b) temperature and volume
(c) heat and work (d) all of the above
(e) none of the above.
9.The change of entropy, when heat is absorbed by the gas is
(a) positive (b) negative (c) positive or negative.
10. Which of the following statements is correct ?
(a) The increase in entropy is obtained from a given quantity of heat at a low temperature
(b) The change in entropy may be regarded as a measure of the rate of the availability of heat
for
transformation into work
(c) The entropy represents the maximum amount of work obtainable per degree drop in
temperature
(d) All of the above.

CONCLUSION
Upon completion of this course, Students should be able to
 Recognize Thermodynamic flow process
 Recognize the entropy, Carnot cycle.

REFERENCES
 Nag P. K, “Engineering Thermodynamics”, Tata McGraw-Hill, 1995.

 Kothadaraman and Domkundwar, “Applied Thermodynamics”, DhanputRai& co (p)
ltd, 1998.
 T.Roy Choudhury, “Basic Engineering Thermodynamics”, Tata MCGraw – Hill
Publishing Co. Ltd 1997.
 Ballancy P. L, “Applied Thermodynamics”, Edition 5, Khanna Publishers, 1984.
 Rai and Sorao, „Applied Thermodynamics‟, SatyaPrakasm 1985.
 Arora, C.P., “Thermodynamics” , Tata McGraw Hill Publishing Co. Ltd., New
Delhi,1998


Cengel, Y.A. and Boles, M.A., "Thermodynamics- An Engineering Approach", 5th
edition, McGraw Hill, 2006.

VIDEO LINK
https://www.youtube.com/watch?v=F_NmS-Wy2lE
ASSIGNMENT
1.

Derive equation for steady flow energy equation.

2.

Draw p-v and t-s diagram of Carnot cycle and write its efficiency equation.
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THERMODYNAMICS
AIM & OBJECTIVE
 Familiarize the students to understand the gas power cycles.
 Familiarize the students to know the working principle of internal combustion
engines.

PRE-TEST
1. The thermal efficiency of theoretical Otto cycle
(a) increases with increase in compression ratio (b) increases with increase in isentropic
index 
(c) does not depend upon the pressure ratio (d) follows all the above.
2. The work output of theoretical Otto cycle
(a) increases with increase in compression ratio (b) increases with increase in pressure ratio
(c) increases with increase in adiabatic index (d) follows all the above.
3. For same compression ratio
(a) thermal efficiency of Otto cycle is greater than that of Diesel cycle
(b) thermal efficiency of Otto cycle is less than that of Diesel cycle
(c) thermal efficiency of Otto cycle is same as that for Diesel cycle
(d) thermal efficiency of Otto cycle cannot be predicted.
4. In air standard Diesel cycle, at fixed compression ratio and fixed value of adiabatic index
(a) thermal efficiency increases with increase in heat addition cut-off ratio
(b) thermal efficiency decreases with increase in heat addition cut-off ratio
(c) thermal efficiency remains same with increase in heat addition cut-off ratio
(d) none of the above
5. Thermal efficiency of a gas turbine plant as compared to Diesel engine plant is
(a) higher (b) lower
(c) same (d) may be higher or lower.
6. Mechanical efficiency of a gas turbine as compared to internal combustion reciprocating
engine is
(a) higher (b) lower
(c) same (d) un-predictable.
7. For a gas turbine the pressure ratio may be in the range
(a) 2 to 3 (b) 3 to 5
(c) 16 to 18 (d) 18 to 22.

PREREQUISITES
 Engineering Physics

THEORY BEHIND
SYLLABUS: THERMODYNAMICS
UNIT - II POWER CYCLES AND INTERNAL COMBUSTIONS ENGINES

Carnot’s cycle – otto cycle – diesel cycle – dual cycle – brayton cycle – air standard efficiency –
two stroke and four stroke engines – SI and CI engines-gas turbine operation.

Gas power cycles

APPLICATIONS


All types of vehicles that we use, cars, motorcycles, trucks, ships, aeroplanes, and
many other types work on the basis of second law of thermodynamics and Carnot
Cycle. They may be using petrol engine or diesel engine, but the law remains the
same.



All the refrigerators, deep freezers, industrial refrigeration systems, all types of airconditioning systems, heat pumps, etc work on the basis of the second law of
thermodynamics



One of the important fields of thermodynamics is heat transfer, which relates to
transfer of heat between two media. There are three modes of heat transfer:
conduction, convection and radiation. The concept of heat transfer is used in wide
range of devices like heat exchangers, evaporators, condensers, radiators, coolers,
heaters, etc.



All types of air and gas compressors, blowers, fans, run on various thermodynamic
cycles.



Thermodynamics also involves study of various types of power plants like thermal
power plants, nuclear power plants, hydroelectric power plants, power plants based
on renewable energy sources like solar, wind, geothermal, tides, water waves etc,



Renewable energy is an important subject area of thermodynamics that involves
studying the feasibility of using different types of renewable energy sources for
domestic and commercial use.

MCQ POST-TEST
1. The air standard Otto cycle comprises
(a) two constant pressure processes and two constant volume processes
(b) two constant pressure and two constant entropy processes
(c) two constant volume processes and two constant entropy processes
(d) none of the above.
2. The Otto cycle is the
a) air standard cycle of CI engine
b) air standard cycle of SI engine

c) vapour power cycle of CI engine
d) vapour power cycle of SI engine
3. The correct sequence of processes in CI engine is
a) intake->fuel injection and combustion->compression->expansion->exhaust
b) intake->compression->fuel injection and combustion->expansion->exhaust
c) intake->compression->expansion->fuel injection and combustion->exhaust
d) intake->compression->exhaust->fuel injection and combustion->expansion
4. The processes in CI engine cycle is completed in ____ strokes of piston and ____
revolutions of crankshaft.
a) four, four
b) two, two
c) two, four
d) four, two
5. In Dual cycle,
a) all the heat is added at constant volume
b) all the heat is added at constant pressure
c) some heat is added at constant volume and remaining at constant pressure
d) none of the mentioned.
6. In perfect intercooling, gas from intercooler has temperature equal to
a) inlet temperature
b) outlet temperature
c) intercooler temperature
d) all of the mentioned

CONCLUSION
Upon completion of this course, Students should be able to
 Recognize the different gas power cycles and use of them in Internal Combustion
Engines.
 Analyze the performance air standard cycles.

REFERENCES
 Nag P. K, “Engineering Thermodynamics”, Tata McGraw-Hill, 1995.
 Kothadaraman and Domkundwar, “Applied Thermodynamics”, DhanputRai& co (p)
ltd, 1998.
 T.Roy Choudhury, “Basic Engineering Thermodynamics”, Tata MCGraw – Hill
Publishing Co. Ltd 1997.
 Ballancy P. L, “Applied Thermodynamics”, Edition 5, Khanna Publishers, 1984.
 Rai and Sorao, „Applied Thermodynamics‟, SatyaPrakasm 1985.
 Arora, C.P., “Thermodynamics” , Tata McGraw Hill Publishing Co. Ltd., New
Delhi,1998


Cengel, Y.A. and Boles, M.A., "Thermodynamics- An Engineering Approach", 5th
edition, McGraw Hill, 2006.

VIDEO LINK
https://www.youtube.com/watch?v=lmHDC1s82bY
ASSIGNMENT
1.

Write about the fundamentals of thermodynamics.

2.

Explain the applications of thermodynamics in real life.
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THERMODYNAMICS
AIM & OBJECTIVE
 Familiarize the students to understand the gas power cycles.
 Familiarize the students to know the working principle of internal combustion
engines.

PRE-TEST
1.Acarburetor is used to supply
a) petrol, air and lubricating oil
b) air and diesel
c) petrol and lubricating oil
d) petrol and air
2. The working cycle in case of four stroke engine is completed in following
number of revolutions of crankshaft

(c)

1/2
(b) 1
(c) 2
(d) 4
3. In a diesel engine, the fuel is ignited by
(a) spark
(b) injected fuel
(c) heat resulting from compressing air that is supplied for combustion
(d) ignition
4. Scavenging air in diesel engine means

(c)

(d)

air used for combustion sent under pres-sure
(b) forced air for cooling cylinder
(c) burnt air containing products of combustion
(d) air used for forcing burnt gases out of engine’s cylinder during the exhaust period
5. Supercharging is the process of
supplying the intake of an engine with air at a density greater than the density of the
surrounding atmosphere
(b) providing forced cooling air
(c) injecting excess fuel for raising more load
(d) supplying compressed air to remove combustion products fully

(a)

PREREQUISITES
 Engineering Physics

THEORY BEHIND
SYLLABUS: THERMODYNAMICS
UNIT - II POWER CYCLES AND INTERNAL COMBUSTIONS ENGINES

Carnot’s cycle – otto cycle – diesel cycle – dual cycle – brayton cycle – air standard efficiency –
two stroke and four stroke engines – SI and CI engines-gas turbine operation.

INTERNAL COMBUSTION ENGINE

Four-stroke diesel engine
A four-stroke (also four-cycle) engine is an internal combustion (IC) engine in which
the piston completes four separate strokes while turning the crankshaft. A stroke refers to
the full travel of the piston along the cylinder, in either direction. The four separate strokes
are termed:
1. Intake: Also known as induction or suction. This stroke of the piston begins at top
dead center (T.D.C.) and ends at bottom dead center (B.D.C.). In this stroke the
intake valve must be in the open position while the piston pulls an air-fuel mixture
into the cylinder by producing vacuum pressure into the cylinder through its

downward motion. The piston is moving down as air is being sucked in by the
downward motion against the piston.
2. Compression: This stroke begins at B.D.C, or just at the end of the suction stroke,
and ends at T.D.C. In this stroke the piston compresses the air-fuel mixture in
preparation for ignition during the power stroke (below). Both the intake and exhaust
valves are closed during this stage.
3. Combustion: Also known as power or ignition. This is the start of the second
revolution of the four stroke cycle. At this point the crankshaft has completed a full
360 degree revolution. While the piston is at T.D.C. (the end of the compression
stroke) the compressed air-fuel mixture is ignited by a spark plug (in a gasoline
engine) or by heat generated by high compression (diesel engines), forcefully
returning the piston to B.D.C. This stroke produces mechanical work from the engine
to turn the crankshaft.
4. Exhaust: Also known as outlet. During the exhaust stroke, the piston, once again,
returns from B.D.C. to T.D.C. while the exhaust valve is open. This action expels the
spent air-fuel mixture through the exhaust valve.

Two stroke diesel engine
Two-stroke internal combustion engines are simpler mechanically than four-stroke engines,
but
more
complex
in thermodynamic and aerodynamic processes,
according
to SAE definitions. In a two-stroke engine, the four "cycles" of internal combustion engine
theory (intake, compression, ignition, exhaust) occur in one revolution, 360 mechanical
degrees, whereas in a four-stroke engine these occur in two complete revolutions, 720

mechanical degrees. In a two-stroke engine, more than one function occurs at any given
time during the engine's operation.




Intake begins when the piston is near the bottom dead center. Air is admitted to
the cylinder through ports in the cylinder wall (there are no intake valves). All two-stroke
Diesel engines require artificial aspiration to operate, and will either use a mechanically
driven blower or a turbo-compressor to charge the cylinder with air. In the early phase of
intake, the air charge is also used to force out any remaining combustion gases from the
preceding power stroke, a process referred to as scavenging.
As the piston rises, the intake charge of air is compressed. Near top dead center, fuel is
injected, resulting in combustion due to the charge's extremely high pressure and heat
created by compression, which drives the piston downward. As the piston moves
downward in the cylinder, it will reach a point where the exhaust port is opened to expel
the high-pressure combustion gasses. However, most current two-stroke diesel engines
use top-mounted poppet valves and uniflow scavenging. Continued downward
movement of the piston will expose the air intake ports in the cylinder wall, and the cycle
will start again.

Differences between two stroke and four stroke engines
Two-stroke Cycle Engines
•
•
•
•
•
•
•
•

Lighter weight
Operates in many positions
Higher power to weight ratio
Engine oil usually mixed with
fuel
Louder operation
Higher Engine speeds
More vibration
Rough idling operation

Four-Stroke Cycle Engines
•
•
•
•
•
•
•
•

Heavier weight
Operates in limited positions
Lower power to weight ratio
Engine oil in a reservoir
Quieter operation
Slower engine speeds
Smoother operation
Smoother idling operation

MCQ Test
1. Compression loss in I.C engines occurs due to

(d)

(a) leaking piston rings
(b) use of thick head gasket
(c) clogged air-inlet slots
(d) all of the above.
2. Which of the following is not an interns combustion engine

(b)

(a) 2-stroke petrol engine
(b) steam turbine.
(c) diesel engine
(d) gas turbine
3. Pick up the false statement

(a)

(a) S.I. engines are quality-governed engines.
(b) Theoretically correct mixture of air am petrol is approximately 15 : 1
(c) High speed compression engines operate on dual combustion cycle
(d) Diesel engines are compression ignition engines
4. For the same compression ratio

(a)

(a) Otto cycle is more efficient than the Diesel
(b) Diesel cycle is more efficient’than Otto
(c) both Otto and Diesel cycles are, equally efficient
(d) compression ratio has nothing to do with efficiency
5. The precess of breaking up or a lipuid into fine droplets by spraying is called
(d)
(a) vaporisation
(b) carburetion
(c) ionisation
(d) atomisation.
6. Deposit of carbon in the exhaust system

(d)

(A) will result in black smoke
(B) will have no effect on back pressure
(C) will reduce back pressure
(D) will increase back pressure

APPLICATIONS


All types of vehicles that we use, cars, motorcycles, trucks, ships, aeroplanes, and
many other types work on the basis of second law of thermodynamics and Carnot
Cycle. They may be using petrol engine or diesel engine, but the law remains the
same.



All the refrigerators, deep freezers, industrial refrigeration systems, all types of airconditioning systems, heat pumps, etc work on the basis of the second law of
thermodynamics



One of the important fields of thermodynamics is heat transfer, which relates to
transfer of heat between two media. There are three modes of heat transfer:
conduction, convection and radiation. The concept of heat transfer is used in wide
range of devices like heat exchangers, evaporators, condensers, radiators, coolers,
heaters, etc.



All types of air and gas compressors, blowers, fans, run on various thermodynamic
cycles.



Thermodynamics also involves study of various types of power plants like thermal
power plants, nuclear power plants, hydroelectric power plants, power plants based
on renewable energy sources like solar, wind, geothermal, tides, water waves etc,



Renewable energy is an important subject area of thermodynamics that involves
studying the feasibility of using different types of renewable energy sources for
domestic and commercial use.

MCQ POST-TEST
1. The air standard Otto cycle comprises
(a) two constant pressure processes and two constant volume processes
(b) two constant pressure and two constant entropy processes
(c) two constant volume processes and two constant entropy processes
(d) none of the above.

2. The Otto cycle is the
a) air standard cycle of CI engine
b) air standard cycle of SI engine
c) vapour power cycle of CI engine
d) vapour power cycle of SI engine
3. The correct sequence of processes in CI engine is
a) intake->fuel injection and combustion->compression->expansion->exhaust
b) intake->compression->fuel injection and combustion->expansion->exhaust
c) intake->compression->expansion->fuel injection and combustion->exhaust
d) intake->compression->exhaust->fuel injection and combustion->expansion
4. The processes in CI engine cycle is completed in ____ strokes of piston and ____
revolutions of crankshaft.
a) four, four
b) two, two
c) two, four
d) four, two
5. In Dual cycle,
a) all the heat is added at constant volume
b) all the heat is added at constant pressure
c) some heat is added at constant volume and remaining at constant pressure
d) none of the mentioned.
6. In perfect intercooling, gas from intercooler has temperature equal to
a) inlet temperature
b) outlet temperature
c) intercooler temperature
d) all of the mentioned

CONCLUSION
Upon completion of this course, Students should be able to
 Recognize the use of them in Internal Combustion Engines.
 Analyze the performance air standard cycles.

REFERENCES
 Nag P. K, “Engineering Thermodynamics”, Tata McGraw-Hill, 1995.
 Kothadaraman and Domkundwar, “Applied Thermodynamics”, DhanputRai& co (p)
ltd, 1998.
 T.Roy Choudhury, “Basic Engineering Thermodynamics”, Tata MCGraw – Hill
Publishing Co. Ltd 1997.
 Ballancy P. L, “Applied Thermodynamics”, Edition 5, Khanna Publishers, 1984.
 Rai and Sorao, „Applied Thermodynamics‟, SatyaPrakasm 1985.
 Arora, C.P., “Thermodynamics” , Tata McGraw Hill Publishing Co. Ltd., New
Delhi,1998


Cengel, Y.A. and Boles, M.A., "Thermodynamics- An Engineering Approach", 5th
edition, McGraw Hill, 2006.

VIDEO LINK
https://www.youtube.com/watch?v=RM0A1kQuXI4
ASSIGNMENT
1.

Write about the four stoke diesel engine with neat sketch.

2.

Explain the working principle of two stroke petrol engine.
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THERMODYNAMICS
AIM & OBJECTIVE
 Familiarize the students to understand the gas power cycles.
 Familiarize the students to know the working principle of internal combustion
engines.

PRE-TEST
Choose the correct answer
1. (a) Specific volume of water decreases on freezing
(b) Boiling point of water decreases with increasing pressure
(c) Specific volume of CO2 increases on freezing
(d) Freezing temperature of water decreases with increasing pressure.
2. (a) The slope of vapourisation curve is always negative
(b) The slope of vapourisation curve is always positive
(c) The slope of sublimation curve in negative for all pure substances
(d) The slope of fusion curve is positive for all pure substances.
3. (a) The process of passing from liquid to vapour is condensation
(b) An isothermal line is also a constant pressure line during wet region
(c) Pressure and temperature are independent during phase change
(d) The term dryness fraction is used to describe the fraction by mass of liquid in the mixture
of liquid
water and water vapour.
4. The latent heat of vapourisation at critical point is
(a) less than zero (b) greater than zero
(c) equal to zero (d) none of the above.
5. (a) Critical point involves equilibrium of solid and vapour phases
(b) Critical point involves equilibrium of solid and liquid phases

(c) Critical point involves equilibrium of solid, liquid and vapour phases
(d) Triple point involves equilibrium of solid, liquid and vapour phases.

PREREQUISITES
 Engineering Physics

THEORY BEHIND
SYLLABUS: THERMODYNAMICS
UNIT – III STEAM BOILERS AND TURBINES
Steam properties – use of steam tables and charts – steam power cycle – boilers and
accessories – boiler testing – layout of thermal power stations – steam turbines – impulse and
reaction turbine – compounding of turbines.

STEAM BOILERS

MCQ Test
1. With the increase in pressure
(a) boiling point of water increases and enthalpy of evaporation increases
(b) boiling point of water increases and enthalpy of evaporation decreases
(c) boiling point of water decreases and enthalpy of evaporation increases.
2. With increase in pressure
(a) enthalpy of dry saturated steam increases
(b) enthalpy of dry saturated steam decreases
(c) enthalpy of dry saturated steam remains same
(d) enthalpy of dry saturated steam first increases and then decreases.
3. Dryness fraction of steam is defined as
(a) mass of water vapour in suspension/(mass of water vapour in suspension + mass of dry
steam)
(b) mass of dry steam/mass of water vapour in suspension
(c) mass of dry steam/(mass of dry steam + mass of water vapour in suspension)
(d) mass of water vapour in suspension/mass of dry steam.
4. The specific volume of water when heated at 0°C
(a) first increases and then decreases (b) first decreases and then increases
(c) increases steadily (d) decreases steadily.
5. Only throttling calorimeter is used for measuring
(a) very low dryness fraction upto 0.7 (b) very high dryness fraction upto 0.98
(c) dryness fraction of only low pressure steam (d) dryness fraction of only high pressure
steam.

APPLICATIONS


All types of vehicles that we use, cars, motorcycles, trucks, ships, aeroplanes, and
many other types work on the basis of second law of thermodynamics and Carnot

Cycle. They may be using petrol engine or diesel engine, but the law remains the
same.


All the refrigerators, deep freezers, industrial refrigeration systems, all types of airconditioning systems, heat pumps, etc work on the basis of the second law of
thermodynamics



One of the important fields of thermodynamics is heat transfer, which relates to
transfer of heat between two media. There are three modes of heat transfer:
conduction, convection and radiation. The concept of heat transfer is used in wide
range of devices like heat exchangers, evaporators, condensers, radiators, coolers,
heaters, etc.



All types of air and gas compressors, blowers, fans, run on various thermodynamic
cycles.



Thermodynamics also involves study of various types of power plants like thermal
power plants, nuclear power plants, hydroelectric power plants, power plants based
on renewable energy sources like solar, wind, geothermal, tides, water waves etc,



Renewable energy is an important subject area of thermodynamics that involves
studying the feasibility of using different types of renewable energy sources for
domestic and commercial use.

MCQ POST-TEST
1.On what basis are fire and water tube boilers are classified?
a) Depending the combustion products formed
b) Depending the state of fuel
c) Depending on the steam formation rate
d) Depending tubular heating surface
2. Which of these is a stationary boiler?
a) Locomotive boiler
b) Marine boiler
c) Mobile boiler
d) Babcock-Wilcox boiler

3. Which of these is a mobile boiler?
a) Lancashire boiler
b) Stirling boiler
c) Locomotive boiler
d) Cochran boiler
4. What is the steam pressure limit of natural circulation boilers?
a) 650bar
b) 180bar
c) 400bar
d) 550bar
5. Which are the major types of boilers that are operated in world today?
a) Natural circulation boiler
b) Forced circulation boiler
c) Fire tube boiler
d) Once through boiler
1.

CONCLUSION
Upon completion of this course, Students should be able to
 Recognize the different types of steam boilers.
 Analyze the performance air standard cycles.

REFERENCES
 Nag P. K, “Engineering Thermodynamics”, Tata McGraw-Hill, 1995.
 Kothadaraman and Domkundwar, “Applied Thermodynamics”, DhanputRai& co (p)
ltd, 1998.
 T.Roy Choudhury, “Basic Engineering Thermodynamics”, Tata MCGraw – Hill
Publishing Co. Ltd 1997.

 Ballancy P. L, “Applied Thermodynamics”, Edition 5, Khanna Publishers, 1984.
 Rai and Sorao, „Applied Thermodynamics‟, SatyaPrakasm 1985.
 Arora, C.P., “Thermodynamics” , Tata McGraw Hill Publishing Co. Ltd., New
Delhi,1998


Cengel, Y.A. and Boles, M.A., "Thermodynamics- An Engineering Approach", 5th
edition, McGraw Hill, 2006.

VIDEO LINK
https://www.youtube.com/watch?v=vr3RXIba0D4
ASSIGNMENT
1.

Write about the steam formation.

2.

Explain the p-v and h-s diagram.
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THERMODYNAMICS
AIM & OBJECTIVE
 Familiarize the students to understand the gas power cycles.
 Familiarize the students to know the working principle of internal combustion
engines.

PRE-TEST
Choose the correct answer
1. What is the critical pressure of steam?

(a)

a) 221.2 bar
b) 220 bar
c) 120 bar
d) 300 bar
2. Which of the following statement is correct?
(a)
a) A simple vertical boiler has one fire tube
b) A fire tube boiler occupies less space than a water tube boiler, for a given power
c) Steam at a high pressure and in large quantities can be produced with a simple
vertical boiler
d) all of the mentioned
3. Lancashire boiler is ___________
a) stationary fire tube boiler
b) horizontal boiler
c) internally fired boiler
d) all of the mentioned
4. The performance of a boiler is depends on ___________
a) dry flue gases
b) steam formation
c) moisture in fuel
d) unburnt carbon

(b)

(a)

5. When the circulation of water, in a boiler, is by a centrifugal pump, then the boiler is
known as _____________
(a)
a) forced circulation boiler
b) externally fired boiler

c) naturally circulation boiler
d) internally fired boiler

PREREQUISITES
 Engineering Physics

THEORY BEHIND
SYLLABUS: THERMODYNAMICS
UNIT – III STEAM BOILERS AND TURBINES
Steam properties – use of steam tables and charts – steam power cycle – boilers and
accessories – boiler testing – layout of thermal power stations – steam turbines – impulse and
reaction turbine – compounding of turbines.

STEAM BOILERS

High pressure boilers

Fig.Loeffler boiler

STEAM TURBINES

MCQ Test
1. With the increase in pressure
(a) boiling point of water increases and enthalpy of evaporation increases
(b) boiling point of water increases and enthalpy of evaporation decreases
(c) boiling point of water decreases and enthalpy of evaporation increases.
2. With increase in pressure
(a) enthalpy of dry saturated steam increases
(b) enthalpy of dry saturated steam decreases
(c) enthalpy of dry saturated steam remains same
(d) enthalpy of dry saturated steam first increases and then decreases.
3. Dryness fraction of steam is defined as
(a) mass of water vapour in suspension/(mass of water vapour in suspension + mass of dry
steam)
(b) mass of dry steam/mass of water vapour in suspension
(c) mass of dry steam/(mass of dry steam + mass of water vapour in suspension)
(d) mass of water vapour in suspension/mass of dry steam.
4. The specific volume of water when heated at 0°C
(a) first increases and then decreases (b) first decreases and then increases
(c) increases steadily (d) decreases steadily.
5. Only throttling calorimeter is used for measuring
(a) very low dryness fraction upto 0.7 (b) very high dryness fraction upto 0.98
(c) dryness fraction of only low pressure steam (d) dryness fraction of only high pressure
steam.

APPLICATIONS


All types of vehicles that we use, cars, motorcycles, trucks, ships, aeroplanes, and
many other types work on the basis of second law of thermodynamics and Carnot

Cycle. They may be using petrol engine or diesel engine, but the law remains the
same.


All the refrigerators, deep freezers, industrial refrigeration systems, all types of airconditioning systems, heat pumps, etc work on the basis of the second law of
thermodynamics



One of the important fields of thermodynamics is heat transfer, which relates to
transfer of heat between two media. There are three modes of heat transfer:
conduction, convection and radiation. The concept of heat transfer is used in wide
range of devices like heat exchangers, evaporators, condensers, radiators, coolers,
heaters, etc.



All types of air and gas compressors, blowers, fans, run on various thermodynamic
cycles.



Thermodynamics also involves study of various types of power plants like thermal
power plants, nuclear power plants, hydroelectric power plants, power plants based
on renewable energy sources like solar, wind, geothermal, tides, water waves etc,



Renewable energy is an important subject area of thermodynamics that involves
studying the feasibility of using different types of renewable energy sources for
domestic and commercial use.

MCQ POST-TEST
1. Which of the following statement is correct?
a) Fire tube boilers are internally fired
b) Lancashire boiler is a fire tube boiler
c) Babcock and Wilcox boiler is a water tube boiler
d) All of the mentioned

(d)

2. In which turbine the pressure energy of water is first converted into kinetic energy by
means of nozzle kept close to the runner?
(a)
a) Impulse turbine
b) Reaction turbine
c) Both Impulse and Reaction turbine
d) None of the mentioned
3. The energy of water entering the reaction turbine is _______
a) fully the kinetic energy

(c)

b) fully the pressure energy
c) partly the pressure energy and partly the kinetic energy
d) unpredictable
4. Which of the following is an example of impulse turbine?
a) Propeller turbine
b) Francis turbine
c) Kaplan turbine
d) Pelton wheel
5. What is the head of water available at turbine inlet in hydro-electric power plant
called?
a) head race
b) tail race
c) gross head
d) net head

(d)

(d)

6. Which of these is not a major direct energy conversion device?
a) magnetohydrodynamic
b) thermionic
c) geothermal
d) fuel cell

(c)

7. Which of these is the most promising power generation system?
a) magnetohydrodynamic
b) thermoelectric
c) hydrogen
d) fuel cell

(a)

8. Which of these is not a limitation of conventional energy sources?
a) Resources are limited some are seasonal
b) Most of them emit harmful gases contributing to global warming
c) Situated in remote areas and higher T and D losses
d) requires small areas

(d)

9. Which of these is a conventional source of energy?
a) sun
b) wind
c) fossil fuels
d) fuel cells

(c)

CONCLUSION
Upon completion of this course, Students should be able to
 Recognize the different boilers and turbines.
 Recognize the thermal power plant.

REFERENCES
 Nag P. K, “Engineering Thermodynamics”, Tata McGraw-Hill, 1995.
 Kothadaraman and Domkundwar, “Applied Thermodynamics”, DhanputRai& co (p)
ltd, 1998.
 T.Roy Choudhury, “Basic Engineering Thermodynamics”, Tata MCGraw – Hill
Publishing Co. Ltd 1997.
 Ballancy P. L, “Applied Thermodynamics”, Edition 5, Khanna Publishers, 1984.
 Rai and Sorao, „Applied Thermodynamics‟, SatyaPrakasm 1985.
 Arora, C.P., “Thermodynamics” , Tata McGraw Hill Publishing Co. Ltd., New
Delhi,1998


Cengel, Y.A. and Boles, M.A., "Thermodynamics- An Engineering Approach", 5th
edition, McGraw Hill, 2006.

VIDEO LINK
https://www.youtube.com/watch?v=4KqTiHMbAQM
ASSIGNMENT
1.

Write about the thermal power plant layout.

2.

Explain the working of any one high pressure boiler.
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AIM & OBJECTIVE
 Familiarize the students to understand the gas power cycles.
 Familiarize the students to know the working principle of internal combustion
engines.

PRE-TEST
1. For minimum work, the compression should be ____
a) adiabatic
b) isothermal
c) isochore
d) isobar
2. As the pressure ratio increases, delivery temperature ____
a) increases
b) decreases
c) remains constant
d) none of the mentioned
3. The first stage of compression is done in ____ cylinder and next stage in ____
cylinder.
a) both in high pressure cylinder
b) both in low pressure cylinder
c) high pressure, low pressure
d) low pressure, high pressure
4. In perfect intercooling, gas from intercooler has temperature equal to
a) inlet temperature
b) outlet temperature

c) intercooler temperature
d) all of the mentioned
5. In perfect aftercooling, gas from intercooler has temperature equal to
a) inlet temperature
b) outlet temperature
c) intercooler temperature
d) all of the mentioned
6.Multi-cylinders give
a) less uniform torque
b) better mechanical balance
c) need large flywheel
d) all of the mentioned
7. In a multi-stage compression,
a) lubrication difficulties are reduced
b) explosion hazards are lessened
c) leakage losses are reduced
d) all of the mentioned

PREREQUISITES
 Engineering Physics

THEORY BEHIND
SYLLABUS: THERMODYNAMICS
UNIT – IV AIR COMPRESSORS
Reciprocating compressors –working principle – work done–effect of clearance volume –
single and multi stage compressors, volumetric efficiency – Intercooling in multistage
compressors – Rotary compressors.

AIR COMPRESSORS

Axial flow compressor

Problems
1.

A single stage double acting air compressor of 150KW power takes air in at 16 bar & delivers
at 6 bar. The compression follows the law PV1.35 = C. the compressor runs at 160rpm with
average piston speed of 150 m/min. Determine the size of the cylinder.

Given data
Power (P) = 150KW
Piston speed (2lN) = 150m /min
Speed (N) = 160rpm 160/6 0 = 2.7rps
Pressure (P1) = 1bar = 100 KN/m2
Pressure (P2) = 6bar = 600 KN/m2
PV1.35 = C, n = 1.35
Hence it is a polytropicprocess.
To find
Size of the cylinder (d) ?
Solution
It is given that,
2lN = 2.5m/s

150 = 2 × 82.899 d2 × 2.7
d2 = 0.3350
d = 0.57M
2. A single stage single acting reciprocating air compressor is required to
handle 30m3 of
free air per hour measured at 1 bar . the delivery pressure is 6.5 bar and the s
peed is 450 r.p.m
allowing volumetric efficienc y of 75%;an isothermal efficiency of 76%
and mechanical
efficiency of 80% Find the indicated mean effective pressure and the power
required the
compressor
Given data
Volume
V1 =30m2
Pressure
P1=1 bar ,
P2=6.5 bar Speed
N=450 r.p.m
Volumetric efficiency ηv=75%
Isothermal efficiency ηi=76%
Mechanical efficiency ηm=80%
To find
The indicated mean effective pressure
The power required to drive the compressor
Solution
Indicted Mean Effectiv e Pressure
We know that isothermal work done

Therefore the power required to drive the compressor = =2.56KW
Result
Indicated mean effective pressure pm=184.5KN/m2 The power required
to drive the compressor =2.56KW
3. A two stages, single acting air compressor compresses air to 20bar. The air
enters the L.P cylinder at 1bar and 27oc and leaves it at 4.7bar. The air enters the
H.P. cylinder at 4.5bar and 27oc. the size of the L.P cylinder is 400mm diameter
and 500mm stroke. The clearance volume In both cylinder is 4% of the
respective stroke volume. The compressor runs at 200rpm, taking index of
compression and ex pansion in the two cylinders as 1.3, estimate 1. The
indicated power required to run the comp ressor; and 2. The heat rejected in the
intercooler per minute.
Given data
Pressure (P4)= 20bar
Pressure (P1) = 1bar = 1× 105 N/m2
Temperature (T1) = 27oC = 27+273 = 300K Pressure (P2) = 4.7bar
Pressure (P3) = 4.5bar
Temperature (T3) = 27oC = 27+273 = 300K Diameter (D1) = 400mm 0.4m
Stroke (L1) = 5 00mm = 0.5m
K = 0.04
N = 200rpm ; n = 1.3
To find
Indicated power required to run the compressor
Solution
We know the swept volume of the L.P cylinder

= 2043.5× 103 J/min = 2034.5 KJ/min
Total indicated work done by the compressor,
W = WL + WH = 2123.3 + 2034 .5 = 4157.8 KJ/min
Indicated power required to run the compressor
= 4157.8 / 60
= 69.3K

MCQ Test
1. With the increase in pressure
(a) boiling point of water increases and enthalpy of evaporation increases
(b) boiling point of water increases and enthalpy of evaporation decreases
(c) boiling point of water decreases and enthalpy of evaporation increases.
2. With increase in pressure
(a) enthalpy of dry saturated steam increases
(b) enthalpy of dry saturated steam decreases
(c) enthalpy of dry saturated steam remains same
(d) enthalpy of dry saturated steam first increases and then decreases.
3. Dryness fraction of steam is defined as
(a) mass of water vapour in suspension/(mass of water vapour in suspension + mass of dry
steam)
(b) mass of dry steam/mass of water vapour in suspension
(c) mass of dry steam/(mass of dry steam + mass of water vapour in suspension)
(d) mass of water vapour in suspension/mass of dry steam.
4. The specific volume of water when heated at 0°C
(a) first increases and then decreases (b) first decreases and then increases
(c) increases steadily (d) decreases steadily.
5. Only throttling calorimeter is used for measuring
(a) very low dryness fraction upto 0.7 (b) very high dryness fraction upto 0.98
(c) dryness fraction of only low pressure steam (d) dryness fraction of only high pressure
steam.

APPLICATIONS


All types of vehicles that we use, cars, motorcycles, trucks, ships, aeroplanes, and
many other types work on the basis of second law of thermodynamics and Carnot

Cycle. They may be using petrol engine or diesel engine, but the law remains the
same.


All the refrigerators, deep freezers, industrial refrigeration systems, all types of airconditioning systems, heat pumps, etc work on the basis of the second law of
thermodynamics



One of the important fields of thermodynamics is heat transfer, which relates to
transfer of heat between two media. There are three modes of heat transfer:
conduction, convection and radiation. The concept of heat transfer is used in wide
range of devices like heat exchangers, evaporators, condensers, radiators, coolers,
heaters, etc.



All types of air and gas compressors, blowers, fans, run on various thermodynamic
cycles.



Thermodynamics also involves study of various types of power plants like thermal
power plants, nuclear power plants, hydroelectric power plants, power plants based
on renewable energy sources like solar, wind, geothermal, tides, water waves etc,



Renewable energy is an important subject area of thermodynamics that involves
studying the feasibility of using different types of renewable energy sources for
domestic and commercial use.

MCQ POST-TEST
1. Rotary compressor can be classified as
a) displacement compressor
b) steady-flow compressor
c) both of the mentioned
d) none of the mentioned
2. In steady-flow compressor, compression occurs by
a) transfer of kinetic energy
b) transfer of potential energy
c) trapping air
d) all of the mentioned

3. The Roots blower and vane-type compressor are the types of
a) displacement compressor
b) steady-flow compressor
c) both of the mentioned
d) none of the mentioned
4. The centrifugal and axial flow compressor are the types of
a) displacement compressor
b) steady-flow compressor
c) both of the mentioned
d) none of the mentioned
5. For uncooled rotary compressor, compression process is ____ while ideal process is
____
a) isothermal, adiabatic
b) isentropic, adiabatic
c) adiabatic, isentropic
d) adiabatic, isothermal

CONCLUSION
Upon completion of this course, Students should be able to
 Recognize the different types of air compressors.
 Recognize the rotary compressors.

REFERENCES
 Nag P. K, “Engineering Thermodynamics”, Tata McGraw-Hill, 1995.
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ltd, 1998.
 T.Roy Choudhury, “Basic Engineering Thermodynamics”, Tata MCGraw – Hill
Publishing Co. Ltd 1997.
 Ballancy P. L, “Applied Thermodynamics”, Edition 5, Khanna Publishers, 1984.
 Rai and Sorao, „Applied Thermodynamics‟, SatyaPrakasm 1985.
 Arora, C.P., “Thermodynamics” , Tata McGraw Hill Publishing Co. Ltd., New
Delhi,1998


Cengel, Y.A. and Boles, M.A., "Thermodynamics- An Engineering Approach", 5th
edition, McGraw Hill, 2006.

VIDEO LINK
https://www.youtube.com/watch?v=VO0IVe9ZHY0
https://www.youtube.com/watch?v=HSErbqvII4U
ASSIGNMENT
1.

Write about the single stage reciprocating air compressors.

2.

Explain the working of vanes blower.
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AIM & OBJECTIVE
 Familiarize the students to understand the gas power cycles.
 Familiarize the students to know the working principle of internal combustion
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PRE-TEST
1-One ton of refrigeration is equal to
(A) 21 KJ/min
(B) 105 KJ/min
(C) 210 KJ/min
(D) 420 KJ/min
2-The refrigerant used in water cooler is
(A) R21
(B) R22
(C) R134a
(D) R717
3-Following is the heart of refrigeration system
(A) Condenser
(B) Evaporator
(C) Compressor
(D) None of the above

4-An ideal refrigerants is one whose boiling point is
(A) Very high
(B) High
(C) Medium
(D) Low
5-Boiling point of R-600a is
(A) -15.8°C
(B) -14.8°C
(C) -11.8°C
(D) -10.8°C
6-Colour code for ammonia refrigerant cylinder is
(A) Light blue
(B) Silver
(C) Orange
(D) Light green

THEORY BEHIND
SYLLABUS: THERMODYNAMICS
UNIT – IV AIR COMPRESSORS
Reciprocating compressors –working principle – work done–effect of clearance volume –
single and multi stage compressors, volumetric efficiency – Intercooling in multistage
compressors – Rotary compressors.

REFRIGERATION AND AIR CONDITIONING
PREREQUISITE DISCUSSION
Before 1830, few Am ericans used ice to refrigerate foods due to a lack of
ice-storehouses and iceboxes. As these two things became more widely
available, individuals used axes and saws to harvestt ice for their storehouses.
This method proved to be difficult, dangerous, and certainly did not resemble
anything that could be du plicated on a commercial scale.
Despite the difficulties of harvesting ice, Frederic Tudor thought that he
could capitalize on this new commodity by harvesting ice in New England and
shipping it to the Caribbean islands as well as the southern states. In the
beginning, Tudor lost thousands of dollars, but eventually turned a profit as he
constructed icehouses in Charleston, Virginia and in the Cuban port town of
Havana. These icehouses as well as better insulated ships helped reduce ice
wastage from 66% to 8%. This efficiency gain influenced Tudor to expand his
ice market to othe r towns with icehouses such as New Orleans a nd Savannah.
This ice market further expanded as harvesting ice became faster and cheap er
after one of Tudor’s suppliers, Nathaniel Wyeth, invented a horse-drawn ice
cutter in 1825. This invention as well as Tudor’s s uccess inspired others to get
involved in the ice trade and the ice industry grew.
Ice became a mass-m arket commodity by the early 1830s with the price of ice
dropping from six cents per pound to a half of a cent per pound. In New York
City, ice consumption increased from 12,000 tons in 1843 to 100,000 tons in 1
856. Boston’s consumption leapt from 6,00 0 tons to 85,000 tons during that
same period. Ice harvesting created a “cooling culture” as majority of people
used ice and iceboxes to store their dairy products, fish, meat, and ev en fruits
and vegetables. These early cold storage practices paved the way for many
Americans to accept the refrigeration technology that would soon take over the
country.

CONCEPT OF REFRIGERATION
Refrigeration is a pro cess in which work is done to move heat from one
location to another. The work of heat trannsport is traditionally driven by
mechanical work, but can also be driven by heat, magnetism , electricity, laser,
or other means.
How does it work?

Thermal energy moves from left to right through five loops of heat
transfer:
1)
2)
3)
4)

Indoor air loop
Chilled water loop
Refrigerant loop
Condenser water loop

5) Cooling water loop

SIGNIFICANCE
Refrigeration has had a large importance on industry, lifestyle, a
griculture and settlement patterns. The idea of preserving food dates back to the
ancien t Roman and Chinese empires. However, refrigeration technology has
rapidly evolved in the last century, from ice harvesting to temperaturecontrolled rail cars. In order to avoid food spoilage, refrigeration plays an
important role in day to day life, similarly, Air conditioning is also an important
technological system to prevent the human from the hot atmosphere during
summer seasons.

CLASSIFICATION OF REFRIGERATION SYSTEM
Types of Refrigeratio n
•

Vapour Compression Refrigeration (VCR): uses mechanical energy

•

Vapour Absorption Re frigeration (VAR): uses thermal energy

Vapour Compression Refrigeration
•

Highly compressed flu ids tend to get colder when allowed to expand

•

If pressure high enough
•

Compressed air hotter than source of cooling

•

Expanded gas cooler than desired cold temperature

• Lot of heat can be rem oved (lot of thermal energy to change liquid to
vapour)
• Heat transfer rate re mains high (temperature of working fluid mu ch
lower than
what is being cooled)

Vapour Compression Refrigeration Cycle

Evaporator
Low pressure liquid re frigerant in evaporator absorbs heat and changes
to a gas
Compressor
The superheated vapour enters the compressor where its pressure is raised
Condenser
The high pressure sup erheated gas is cooled in several stages in the co
ndenser
Expansion
Liquid passes through expansion device, which reduces its pressure an d
controls the flow into the evaporator
Type of refrigerant
•

Refrigerant determine d by the required cooling temperature

•

Chlorinated fluorocarbons (CFCs) or freons: R-11, R-12, R-21, R-22 and
R-502

Choice of compressor, design of condenser, evaporator determined by

•

Refrigerant

•

Required cooling

•

Load

•

Ease of maintenance

•

Physical space requirements

•

Availability of utilities (water, power)

Vapour Absorption Refrigeration

Evaporator

Absorber

High pressure generator

Condenser

Evaporative Cooling
•

Air in contact with water to cool it close to ‘wet bulb temperature’

•

Advantage: efficient cooling at low cost

•

Disadvantage: air is rich in moisture

COMPARISON BETWEEN VAPOR COMPRESSION AND A
BSORPTION SYSTEM

PERFORMANCE
Assessment of Refrigeration
•

Cooling effect: Tons of Refrigeration
1 TR = 3024 kCal /hr heat rejected

•

TR is assessed as:
TR = Q xCp x ( Ti – To) / 3024

Q=

mass flow rate of coolant in kg/hr

Cp =

is coolant specific heat in kCal /kg °C

Ti = inlet, temperature of coolant to evaporator (chiller) in 0°C To = outlet
temperature of coolant from evaporator (chiller) in 0°C

Specific Power Consumption (kW/TR)
•

Indicator of refrigeration system’s performance

•

kW/TR of centralized chilled water system is sum of
•

Compressor kW/TR

•

Chilled water pump kW/TR

•

Condenser water pump kW/TR

•

Cooling tower fan kW/TR

Coefficient of Performance (COP)
•

The performance of refrigerators and heat pumps is expressed in
terms of
coefficient of performance (COP), defined as

Measure
•

Airflow Q (m3/s) at Fan Coil Units (FCU) or Air Handling Units (AHU):
anemometer

•

Air density (kg/m3)

•

Dry bulb and wet bulb temperature: psychrometer

•

Enthalpy (kCal/kg) of inlet air (hin) and outlet air (Hout): psychrometric
charts

APPLICATIONS OF REFRIGERATRION
 Metal workers
 Oil refineries
 Chemical plants

 Petrochemical plants
 Transporting temperature-sensitive foodstuffs
 Dairy products
MCQ Test
1. With the increase in pressure
(a) boiling point of water increases and enthalpy of evaporation increases
(b) boiling point of water increases and enthalpy of evaporation decreases
(c) boiling point of water decreases and enthalpy of evaporation increases.
2. With increase in pressure
(a) enthalpy of dry saturated steam increases
(b) enthalpy of dry saturated steam decreases
(c) enthalpy of dry saturated steam remains same
(d) enthalpy of dry saturated steam first increases and then decreases.
3. Dryness fraction of steam is defined as
(a) mass of water vapour in suspension/(mass of water vapour in suspension + mass of dry
steam)
(b) mass of dry steam/mass of water vapour in suspension
(c) mass of dry steam/(mass of dry steam + mass of water vapour in suspension)
(d) mass of water vapour in suspension/mass of dry steam.
4. The specific volume of water when heated at 0°C
(a) first increases and then decreases (b) first decreases and then increases
(c) increases steadily (d) decreases steadily.
5. Only throttling calorimeter is used for measuring
(a) very low dryness fraction upto 0.7 (b) very high dryness fraction upto 0.98

(c) dryness fraction of only low pressure steam (d) dryness fraction of only high pressure
steam.

APPLICATIONS


All types of vehicles that we use, cars, motorcycles, trucks, ships, aeroplanes, and
many other types work on the basis of second law of thermodynamics and Carnot
Cycle. They may be using petrol engine or diesel engine, but the law remains the
same.



All the refrigerators, deep freezers, industrial refrigeration systems, all types of airconditioning systems, heat pumps, etc work on the basis of the second law of
thermodynamics



One of the important fields of thermodynamics is heat transfer, which relates to
transfer of heat between two media. There are three modes of heat transfer:
conduction, convection and radiation. The concept of heat transfer is used in wide
range of devices like heat exchangers, evaporators, condensers, radiators, coolers,
heaters, etc.



All types of air and gas compressors, blowers, fans, run on various thermodynamic
cycles.



Thermodynamics also involves study of various types of power plants like thermal
power plants, nuclear power plants, hydroelectric power plants, power plants based
on renewable energy sources like solar, wind, geothermal, tides, water waves etc,



Renewable energy is an important subject area of thermodynamics that involves
studying the feasibility of using different types of renewable energy sources for
domestic and commercial use.

MCQ POST-TEST

CONCLUSION
Upon completion of this course, Students should be able to
 Recognize the different types of refrigeration systems.
 Recognize the refrigerant properties.

REFERENCES
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 T.Roy Choudhury, “Basic Engineering Thermodynamics”, Tata MCGraw – Hill
Publishing Co. Ltd 1997.
 Ballancy P. L, “Applied Thermodynamics”, Edition 5, Khanna Publishers, 1984.
 Rai and Sorao, „Applied Thermodynamics‟, SatyaPrakasm 1985.
 Arora, C.P., “Thermodynamics” , Tata McGraw Hill Publishing Co. Ltd., New
Delhi,1998


Cengel, Y.A. and Boles, M.A., "Thermodynamics- An Engineering Approach", 5th
edition, McGraw Hill, 2006.

VIDEO LINK
https://www.youtube.com/watch?v=9uCeFhO8H40
ASSIGNMENT
1.

Write about the refrigeration system.

2.

Explain the working of vapor absorption system with neat sketch.
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AIM & OBJECTIVE
 Familiarize the students to understand the gas power cycles.
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PRE-TEST
1. The thermostat used for the window type air conditioner is set at:
(A) 65°F
(B) 75°F
(C) 80°F
(D) 85°F
2-Name the temperature at which moisture condenses on a surface:
(A) Relative humidity
(B) Grains of moisture
(C) Dew point temperature
(D) Humidity
3-Compressor used in Window Air Conditioner is
(A) Rotary compressor
(B) Reciprocating compressor
(C) Sealed compressor
(D) Open type compressor
4-When air is heated relative humidity
(A) Decreases
(B) Increases
(C) Very high
(D) None of the above

PREREQUISITES
 Engineering Physics

THEORY BEHIND
SYLLABUS: THERMODYNAMICS
UNIT – IV AIR COMPRESSORS
Reciprocating compressors –working principle – work done–effect of clearance volume –
single and multi stage compressors, volumetric efficiency – Intercooling in multistage
compressors – Rotary compressors.

AIR CONDITIONERS
CONCEPT OF AIR CONDITIONING
Air conditioning (often referred to as aircon, AC or A/C) is the process of
altering the properties of air (primarily temperatureand humidity) to more
favourable conditions, typically with the aim of distributing the conditioned air
to an occupied space to improve thermal comfort and indoor air quality.

TYPES OF AIR CONDITIONERS
•

Room air conditioners

•

Zoned Systems

•

Unitary Systems

•

Window Air-conditioning System

•

Split Air-conditioning System

•

Central air conditioning systems

1 ROOM AIR CONDITIONER
•

Room air conditioners cool rooms rather than the entire home.

•

Less expensive to operate than central units

•

Their efficiency is generally lower than that of central air conditioners.

•

Can be plugged into any 15- or 20-amp, 115-volt household circuit that is
not shared with any other major appliances

2 ZONED SYSTEMS

3 CENTRAL AIR CONDITIONING
•

Circulate cool air through a system of supply and return ducts. Supply
ducts and registers (i.e., openings in the walls, floors, or ceilings covered
by grills) carry cooled air from the air conditioner to the home.

•

This cooled air becomes warmer as it circulates through the home; then it
flows back to the central air conditioner through return ducts and registers

4.UNITARY SYSTEMS
A unitary air conditioning system comprises an outdoor unit including a
compressor for compressing a refrigerant, an outdoor heat exchanger for heat
exchange of the refrigerant and an expander connected to the outdoor heat
exchanger, for expanding the refrigerant; a duct installed inside a zone of a
building; a central blower unit having a heat exchanger connected to the outdoor
unit through a first refrigerant pipe and a blower for supplying the air heatexchanged by the heat exchanger to the duct; and an individual blower unit

including a heat exchanger connected to the outdoor unit through a second
refrigerant pipe and a fan for sending the air heat exchanged by the heat
exchanger and disposed in a zone in the building, for individually cooling or
heating the zone. Accordingly, cooling or heating operation is performed on
each zone of the building, and simultaneously, additional individual heating or
cooling operation can be performed on a specific space, so that a cost can be
reduced and cooling or heating in the building can be efficiently performed.

5.WINDOW AIR-CONDITIONING SYSTEM
It is the most commonly used air conditioner for single rooms. In this air
conditioner all the components, namely the compressor, condenser, expansion
valve or coil, evaporator and cooling coil are enclosed in a single box. This unit
is fitted in a slot made in the wall of the room, or often a window sill. Windows
air conditioners are one of the most widely used types of air conditioners
because they are the simplest form of the air conditioning systems. Window air
conditioner comprises of the rigid base on which all the parts of the window air
conditioner are assembled. The base is assembled inside the casing which is
fitted into the wall or the window of the room in which the air conditioner is
fitted. The whole assembly of the window air conditioner can be divided into
two compartments: the room side, which is also the cooling side and the outdoor
side from where the heat absorbed by the room air is liberated to the
atmosphere. The room side and outdoor side are separated from each other by
an insulated partition enclosed inside the window air conditioner assembly. In
the front of the window air conditioner on the room side there is beautifully

decorated front panel on which the supply and return air grills are fitted (the
whole front panel itself is commonly called as front grill). The louvers fitted in
the supply air grills are adjustable so as to supply the air in desired direction.
There is also one opening in the grill that allows access to the Control panel or
operating panel in front of the window air conditioner.

TYPES OF CENTRAL AC
•

split-system
•

•

An outdoor metal cabinet contains the condenser and compressor,
and an indoor cabinet contains the evaporator
Packaged
•

The evaporator, condenser, and compressor are all located in one
cabinet.

6 SPLIT AIR-CONDITIONING SYSTEM:
The split air conditioner comprises of two parts: the outdoor unit and the indoor
unit. The outdoor unit, fitted outside the room, houses components like the
compressor, condenser and expansion valve. The indoor unit comprises the
evaporator or cooling coil and the cooling fan. For this unit you don't have to
make any slot in the wall of the room. Further, the present day split units have

aesthetic looks and add to the beauty of the room. The split air conditioner can
be used to cool one or two rooms.

Energy Consumption
•

Air conditioners are rated by the number of British Thermal Units (Btu)
of heat they can remove per hour. Another common rating term for air
conditioning size is the "ton," which is 12,000 Btu per hour.

•

Room air conditioners range from 5,500 Btu per hour to 14,000 Btu per
hour.
Energy Efficiency
•

Today's best air conditioners use 30% to 50% less energy than 1970s

•

Even if your air conditioner is only 10 years old, you may save 20% to
40% of your cooling energy costs by replacing it with a newer, more
efficient model

APPLICATIONS


All types of vehicles that we use, cars, motorcycles, trucks, ships, aeroplanes, and
many other types work on the basis of second law of thermodynamics and Carnot
Cycle. They may be using petrol engine or diesel engine, but the law remains the
same.



All the refrigerators, deep freezers, industrial refrigeration systems, all types of airconditioning systems, heat pumps, etc work on the basis of the second law of
thermodynamics



One of the important fields of thermodynamics is heat transfer, which relates to
transfer of heat between two media. There are three modes of heat transfer:
conduction, convection and radiation. The concept of heat transfer is used in wide
range of devices like heat exchangers, evaporators, condensers, radiators, coolers,
heaters, etc.



All types of air and gas compressors, blowers, fans, run on various thermodynamic
cycles.



Thermodynamics also involves study of various types of power plants like thermal
power plants, nuclear power plants, hydroelectric power plants, power plants based
on renewable energy sources like solar, wind, geothermal, tides, water waves etc,



Renewable energy is an important subject area of thermodynamics that involves
studying the feasibility of using different types of renewable energy sources for
domestic and commercial use.

MCQ POST-TEST
1. Room air conditioners and packaged units are examples of _________
a) Direct expansion systems
b) Indirect expansion systems
c) Chilled water systems
d) Indirect contraction systems

2. Which of the following is not a component of packaged air conditioners?
a) Compressor
b) Condenser
c) Chiller
d) Evaporator

3. In which component of the chilled water system, the return air and the fresh air
mixture is filtered?
a) Fan coil unit
b) Ducting grill
c) Compressor
d) Evaporator

4. Which of the following types of filters used in the air conditioning system is made
of cloth that is discarded on getting dirty?
a) Viscous type filters
b) Dry filter
c) Spray washers
d) Electric precipitators

5. The process of extraction of the certain required amount of water from air is
known as ___________
a) Heating
b) Cooling
c) Humidification
d) Dehumidification

CONCLUSION
Upon completion of this course, Students should be able to
 Recognize the different types of air conditioning systems.
 Recognize the psychometric process.
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VIDEO LINK
https://www.youtube.com/watch?v=xUtRYshItAo
ASSIGNMENT
1.

Write about the summer airconditioning.

2.

Explain the working of centralized air conditioning system.

