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1. UNDERSTAND THE
FUNDAMENTALS OF
THERMODYNAMICS.




Define thermodynamic, system, boundary, surroundings and the universe.

Thermodynamics, science of the relationship between heat, work,
temperature, and energy. In broad terms, thermodynamics deals with the
transfer of energy from one place to another and from one form to
another. The key concept is that heat 1s a form of energy corresponding
to a definite amount of mechanical work.

A thermodynamic system is a group of material and/or
contents. Its properties may be described by
such as , and

b/ bJ



https://en.wikipedia.org/wiki/Radiation
https://en.wikipedia.org/wiki/State_function
https://en.wikipedia.org/wiki/Temperature
https://en.wikipedia.org/wiki/Entropy
https://en.wikipedia.org/wiki/Internal_energy
https://en.wikipedia.org/wiki/Pressure

What is system, boundary and surrounding is thermodynamics ?

A system is defined as a region in space containing a specific amount of matter whose behavior is being observed.
The system is separated from its surrounding by a boundary. The boundary may be a real one or some imaginary
surface covering the region. The boundary may be at rest or in motion and may change its size or shape.

The term surrounding is restricted to those portions of matter external to the system which is thermodynamically
affected by the changes occurring within the system.

Any thermodynamically analysis begins with the selection of the system, its boundary and the surroundings.




The system and the surrounding combined are essentially "everything."
This is because the combined energy in the system and the
surroundings is a constant. Energy can flow between these two, but
the total energy is constant. Thus we talk about the system +
surroundings as the "universe." Since energy is constant in the universe
(from a chemistry thermodynamics perspective), we can discuss

changes for both the system and the surrounding as being for the
universe.

system + surroundings = universe




Mention types of systems- close, open, isolated, tlow, non-flow systems
with examples.

Open and closed systems

A closed system (sometimes termed as a control mass) is a system for which no masses cross the
boundary i.e. quantity of matter within the system remains fixed throughout the investigation. But
energy Is allowed to cross the boundary (in the form of heat and work).

An open system (sometimes termed as a control volume) on the other hand is a region in the space
defined by a boundary across (in/out/through) which matter may flow in addition to energy (in the form

of heat and work).
- A system is termed as isolated system if neither matter nor energy is allowed to transfer across the
boundary. A truly isolated system can only be obtained ideally.




An isolated system is a thermodynamic system that cannot exchange either energy or matter
outside the boundaries of the system. There are two ways in which this may occur:

1.The system may be so distant from another system that it cannot interact with them.
2.The system may be enclosed such that neither energy nor mass may enter or exit.

Isolated System Versus Closed System
An isolated system differs from a closed system by the transfer of energy. Closed systems are only
closed to matter, energy can be exchanged across the system's boundaries.




Flow process : It is one in which fluid enters the system and
leaves it after work interaction, which means that such processes
occur in the systems having open boundary permitting mass
.interaction across the system boundary.

Non flow process : It 1s the one in which there is no mass
interaction across the system boundaries during the occurrence of

ProOCESS.




We now define a non-flow process as one in which the system boundary change occurs
wholly within the control volume under observation - 1.e. no mass crosses the control
surface which bounds - the con tro 1 vo 1 ume. Furthermore a flow process is one in
which the system boundary change is such that mass does cross the control surface.
Note that Q and w can cross both system and control volume boundaries but by

definition mass can only cross the latter. .

Example of a non-flow process - expansion in a cylinder

System boundary (expanding)

In the expansion depicted in the figure there 1s work transfer across the system
boundary due to a pressure difference, there may be a heat transfer across the system
boundary due to a temperature difference, but there is no mass transfer across the
system boundary.

R T B = e o = e



Identity different applications of thermodynamics in the engineering field.

has very wide applications as basis of thermal engineering. Almost all process
and engineering industries, agriculture, transport, commercial and domestic activities use thermal
engineering. But energy technology and power sector are fully dependent on the

For examples:

*Central thermal power plants, captive power plants based on coal

*Nuclear power plants

*Gas turbine power plants

*Engines for automobiles, ships, airways & spacecrafts

*Direct energy conversion devices: Fuel cells, thermoionic, thermoelectric engines

*Air conditioning, HVAC

*Domestic, Commercial and industrial lighting

*Agricultural, transport and industrial machines

All the above engines and power consuming plants are designed using laws of thermodynamics.



https://mech-engineeringbd.blogspot.com/2016/06/thermodynamics.html
https://mech-engineeringbd.blogspot.com/2016/06/laws-of-thermodynamics.html
https://mech-engineeringbd.blogspot.com/2016/06/laws-of-thermodynamics.html
https://mech-engineeringbd.blogspot.com/2016/06/laws-of-thermodynamics.html
https://mech-engineeringbd.blogspot.com/2016/06/laws-of-thermodynamics.html
https://mech-engineeringbd.blogspot.com/2016/06/laws-of-thermodynamics.html

Explain the extensive & intensive properties of thermodynamics systems

with examples and units.

Intensive Property:

An intenstve property 1s a physical property of a system that does not depend on the
system size or the amount of material in the system. I.e. An intensive quantity (also
intensive variable) is a physical quantity whose value does not depend on the amount
of the substance for which it is measured. Intensive property is also known as Bulk

Property.
- Examples of intensive properties include:

Temperature
Chemical Potential
Density

Specific Gravity
Viscosity

Velocity

Electrical Resistivity.




Extensive Property:

An extenstve property of a system does depend on the system size or
the amount of material in the system.
Examples of extensive properties include:
Mass

Volume

Entropy

Enthalpy

Energy

Stiftness

Particle Number




Define thermodynamic state, path, process, quasi-static process, reversible &

volume.

irreversible process, thermodynamic equilibrium, point function, path function, control

For , a thermodynamic state of a IS ItS
condition at a specific time, that is fully identified by values of a
suitable set of parameters known as , State
parameters or thermodynamic variables. Once such a set of
-values of thermodynamic variables has been specified for a
system, the values of all thermodynamic properties of the system
are uniquely determined. Usually, by default, a thermodynamic
state Is taken to be one of . This
means that the state is not merely the condition of the system at
a specific time, but that the condition is the same, unchanging,

over an indefinitely long duration of time.

T


https://en.wikipedia.org/wiki/Thermodynamics
https://en.wikipedia.org/wiki/Thermodynamic_system
https://en.wikipedia.org/wiki/State_function
https://en.wikipedia.org/wiki/Thermodynamic_equilibrium

Athermodynamic process path is the path or series of states through which a
system passes from an initial equilibrium state to a final equilibrium state'' and can be
viewed graphically on a pressure-volume (P-V), pressure-temperature (P-T), and
temperature-entropy (T-s) diagrams.

There are an infinite number of possible patl:s',:from an initial point to an end point in a
proses In many cases the path matters, however, changes in the thermodynamic
properties depend only on the initial and final states and not upon the path.

Consider a gas in cylinder with a free floating piston resting on top of a volume of gas
V, at a temperature T,. If the gas is heated so that the temperature of the gas goes up
to T, while the piston is allowed to rise to V, as in Figure 1, then the pressure is kept
the same in this process due to the free floating piston being allowed to rise making
the process an isobaric or constant pressure process. This Process Path is a straight
horizontal line from state one to state two on a P-V diagram.



https://en.wikipedia.org/wiki/Thermodynamic_process_path
https://en.wikipedia.org/wiki/Thermodynamic_process_path
https://en.wikipedia.org/wiki/Thermodynamic_process_path
https://en.wikipedia.org/wiki/Thermodynamic_process_path
https://en.wikipedia.org/wiki/Thermodynamic_process_path
https://en.wikipedia.org/wiki/Thermodynamic_process_path
https://en.wikipedia.org/wiki/Thermodynamic_process_path
https://en.wikipedia.org/wiki/Thermodynamic_process_path
https://en.wikipedia.org/wiki/Thermodynamic_process_path
https://en.wikipedia.org/wiki/File:Gax_expanding_doing_work_on_a_piston_in_a_cylinder.jpg

In , 2 quasi-static process 1s a

that happens slowly enough for
the system to remain in internal . An example
of this is quasi-static compression, where the of a
system changes at a slow rate enough to allow the
to remain uniform and constant throughout the system.
The processes which allow all isothermal and adiabatic
operations to proceed very slowly are known as quasi-static
processes



https://en.wikipedia.org/wiki/Thermodynamics
https://en.wikipedia.org/wiki/Thermodynamic_process
https://en.wikipedia.org/wiki/Thermodynamic_equilibrium
https://en.wikipedia.org/wiki/Volume
https://en.wikipedia.org/wiki/Pressure
https://en.wikipedia.org/wiki/Quasistatic_process

Defined by change in a system, a thermodynamic process is a passage

of a thermodynamic system from an initial to a final state of

thermodynamic equilibrium. The 1nitial and final states are the defining

elements of the process. The actual course of the process is not the

primary concern, and thus often is ignored. This is the customary default .
meaning of the term 'thermodynamic process'. In general, during the

actual course of a thermodynamic process, the system passes through

physical states which are not describable as thermodynamic states,

because they are far from internal thermodynamic equilibrium. Such

processes are useful for thermodynamic theory



Defined by a cycle of transfers into and out of a system, a
cyclic process 1s described by the quantities transferred in

the several stages ot the cycle, which recur unchangingly.

 The descriptions of the staged states of the system are not

. the primary concern. Cyclic processes were important .

conceptual devices in the early days of thermodynamical
investigation, while the concept of the thermodynamic

state variable was being developed.



Detined by tlows through a system, a flow process 1s a
steady state of flows into and out of a vessel with definite
wall properties. The internal state of the vessel contents is
not the primary concern. The quantities of primary

. concern describe the states of the inflow and the outflow
materials, and, on the side, the transfers of heat, work, and

kinetic and potential energies for the vessel. Flow
processes are of interest in engineering.



Equilibrium state:

Physical systems found in nature are practically always dynamic
and complex, but in many cases, macroscopic physical systems are
amenable to description based on proximity to ideal conditions. One
such ideal condition is that of a stable equilibrium state. Such a state
IS a primitive object of classical or equilibrium thermodynamics, in
which it is called a thermodynamic state. Based on many
observations, thermodynamics postulates that all systems that are
Isolated from the external environment will evolve so as to approach
unique stable equilibrium states. There are a number of different
types of equilibrium, corresponding to different physical variables,
and a system reaches thermodynamic equilibrium when the
conditions of all the relevant types of equilibrium are simultaneously
satisfied. A few different types of equilibrium are listed below.




o . When the temperature throughout a
system Is uniform, the system is in thermal equilibrium.

. . If at every point within a given system
there Is no change In pressure with time, and there is no
movement of material, the system is in mechanical equilibrium.

. : This occurs when the mass for each .
Individual phase reaches a value that does not change with time.
. . In chemical equilibrium, the chemical

composition of a system has settled and does not change with
time.



https://en.wikipedia.org/wiki/Thermal_equilibrium
https://en.wikipedia.org/wiki/Mechanical_equilibrium
https://en.wikipedia.org/wiki/Phase_equilibrium
https://en.wikipedia.org/wiki/Chemical_equilibrium

In thermodynamics, a reversible process 1s a process whose direction can
be "reversed" by inducing infinitesimal changes to some property of the
system via its surroundings.l!l Throughout the entire reversible process, the
system 1s 1n thermodynamic equilibrium with its surroundings. Having
been reversed, it leaves no change in either the system or the surroundings.
Since it would take an infinite amount of time for the reversible process to
finish, perfectly reversible processes are impossible. However, if the system
undergoing the changes responds much faster than the applied change, the
deviation from reversibility may be negligible. In a reversible cycle, a cyclical
reversible process, the system and its surroundings will be returned to their
original states if one half cycle is followed by the other half cycle.l?!




Thermodynamic processes can be carried out in one of two ways: reversibly

or irreversibly. Reversibility means the reaction operates continuously at

quasiequilibrium. In an ideal thermodynamically reversible process, the

energy from work performed by or on the system would be maximized, and

that from heat would be zero. However, heat cannot fully be converted to

work and will always be lost to some degree (to the surroundings). (This 1s

.;:ue only in case of a cycle. In case of an ideal process, heat can be .
completely converted into work, e.g., 1sothermal expansion of an ideal gas in
a piston—cylinder arrangement.) The phenomenon of maximized work and
minimized heat can be visualized on a pressure—volume graph as the area

beneath the equilibrium curve, representing work done. In order to maximize
work, one must follow the equilibrium curve precisely.



Thermodynamic equilibrium is an axiomatic concept of
thermodynamics. It 1s an internal state of a single
thermodynamic system, or a relation between several

thermodynamic systems connected by more or less
permeable or impermeable walls. In thermodynamic
equilibrium there are no net macroscopic flows of matter or
of energy, either within a system or between systems.




Path function
A Path function is a function whose value depends on the :

path followed by the thermodynamic process irrespective of ClubTechnical.com
the initial and final states of the process. v

An example of path function is work done in a
thermodynamic process.

Work done in a thermodynamic process 1s dependent on the
path followed by the process.

A path function is an inexact or imperfect differential.

Pressure
d

In the P-V diagram given above we can easily see that for
the same initial and final states of the system, work done in
all the three process is different.

For process A work done is b2A1a

For process B work done is b2B1a

For process C work done is b2C1a

Another example of path function is heat.




Point function
A Point function (also known as state function) is a function whose value
depends on the final and initial states of the thermodynamic process,
irrespective of the path followed by the process.
Example of point functions are density, enthalpy, internal energy, entropy
_cte.

- A point function is a property of the system or we can say all the
properties of the system are point functions.
Point functions are exact or perfect differential.

Note: Since a point function 1s only dependent on the initial or final state
of the system, hence in a cyclic process value of a thermodynamic
function 1s zero, or change in thermodynamic property is zero.



Sr. no.

Point Function

Its values are based on the state of the system (i.e.
pressure, volume, temperature etc.)

No matter by which process the state is obtained, its
values will always remain the same.

Only 1initial and final states of the process are
sufficient

Its values are independent of the path followed

It is an exact or perfect differential
Its cyclic integral is always zero

It 1s property of the system

Its examples are density, enthalpy, internal energy,

Path Function

Its values are based on how that particular
thermodynamic state is achieved.

Ditferent processes to obtain a particular
state will give us different values.

We need to know exact path followed by
the process

Its values are dependent on the path
followed

It 1s an inexact or imperfect differential.
Its cyclic integral may or may not be zero

It 1s not the property of the system

Its examples are Heat, work etc.

entropy etc




In and , a control volume is a
mathematical abstraction employed in the process of creating

of physical processes. In an , it is a fictitious
volume fixed in space or moving with constant through which the
continuum (gas, or ) flows. The surface enclosing the control volume

1s referred to as the control surface.

At , a control volume can be thought of as an arbitrary volume in
which the mass of the continuum remains constant. As a continuum moves
through the control volume, the mass entering the control volume is equal to the
mass leaving the control volume. At , and in the absence of work and
heat transfer, the energy within the control volume remains constant. It is
analogous to the classical mechanics concept of the



https://en.wikipedia.org/wiki/Continuum_mechanics
https://en.wikipedia.org/wiki/Thermodynamics
https://en.wikipedia.org/wiki/Mathematical_model
https://en.wikipedia.org/wiki/Mathematical_model
https://en.wikipedia.org/wiki/Inertial_frame_of_reference
https://en.wikipedia.org/wiki/Flow_velocity
https://en.wikipedia.org/wiki/Gas
https://en.wikipedia.org/wiki/Liquid
https://en.wikipedia.org/wiki/Solid
https://en.wikipedia.org/wiki/Control_volume
https://en.wikipedia.org/wiki/Control_volume
https://en.wikipedia.org/wiki/Control_volume
https://en.wikipedia.org/wiki/Steady_state
https://en.wikipedia.org/wiki/Steady_state
https://en.wikipedia.org/wiki/Free_body_diagram

Define heat, temperature and pressure. 1.7 Explain different types of heat, temperature scale and
pressure.

Heat 1s the transfer ot kinetic energy trom one
medium or object to another, or from an
energy source to a medium or object. Such
energy transfer can occur in three ways:
radiation, conduction, and convection.




Notation and units
As a form of energy, heat has the unit (J) 10 the

(SI). However, in many applied
fields in engineering the (BTU) and the

are often used. The standard unit for the rate of heat

- transferred is the (W), detfined as one joule per second. .

Use of the symbol Q for the total amount of energy transterred
as heat 1s due to in 1850:


https://en.wikipedia.org/wiki/Joule
https://en.wikipedia.org/wiki/International_System_of_Units
https://en.wikipedia.org/wiki/British_thermal_unit
https://en.wikipedia.org/wiki/Calorie
https://en.wikipedia.org/wiki/Watt
https://en.wikipedia.org/wiki/Rudolf_Clausius

A temperature expresses hot and cold, as with a . In
physics, hotness is a body's ability to impart energy as to another body
that is colder.

In a body in which there are processes of chemical reaction and flow of
matter, temperature may vary over its parts, and over time, as measured by a
suitably small and rapidly responding thermometer, and may depend also
on the match of the processes to the characteristics of the thermometer.
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https://bn.wikipedia.org/wiki/%E0%A6%AA%E0%A6%B0%E0%A6%BF%E0%A6%AC%E0%A6%B9%E0%A6%A3_(%E0%A6%A4%E0%A6%BE%E0%A6%AA)
https://bn.wikipedia.org/wiki/%E0%A6%85%E0%A6%A3%E0%A7%81
https://bn.wikipedia.org/wiki/%E0%A6%AA%E0%A6%A6%E0%A6%BE%E0%A6%B0%E0%A7%8D%E0%A6%A5
https://bn.wikipedia.org/wiki/%E0%A6%AD%E0%A6%B0
https://bn.wikipedia.org/w/index.php?title=%E0%A6%87%E0%A6%A8%E0%A7%8D%E0%A6%A6%E0%A7%8D%E0%A6%B0%E0%A6%BF%E0%A6%AF%E0%A6%BC&action=edit&redlink=1
https://en.wikipedia.org/wiki/Measurement
https://en.wikipedia.org/wiki/Thermometer
https://en.wikipedia.org/wiki/Heat

Pressure 1s the amount of force applied at to the surface of an object

| per unit area. The symbol for it 1s p or P. The recommendation for pressure

| is a lower-case p.However, upper-case P is widely used. The usage of P vs p depends
upon the field in which one is working, on the nearby presence of other symbols for
quantities such as and , and on writing style.

Formula [ edit]

Mathematically:

F
p = —,FI

A

where:

p is the pressure,
F is the magnitude of the normal force,
A is the area of the surface on contact]

Pressure is a scalar quantity. It relates the vector area element (a vector normal to the surface) with the normal force acting on it. The
pressure is the scalar proportionality constant that relates the two normal vectors:

dF, = —pdA = —pndA.

T S —— P


https://en.wikipedia.org/wiki/Right_angle
https://en.wikipedia.org/wiki/IUPAC
https://en.wikipedia.org/wiki/Power_(physics)
https://en.wikipedia.org/wiki/Momentum
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https://bn.wikipedia.org/w/index.php?title=International_Committee_for_Weights_and_Measures&action=edit&redlink=1
https://bn.wikipedia.org/wiki/%E0%A6%95%E0%A7%87%E0%A6%B2%E0%A6%AD%E0%A6%BF%E0%A6%A8
https://bn.wikipedia.org/wiki/%E0%A6%86%E0%A6%A8%E0%A7%8D%E0%A6%A4%E0%A6%B0%E0%A7%8D%E0%A6%9C%E0%A6%BE%E0%A6%A4%E0%A6%BF%E0%A6%95_%E0%A6%8F%E0%A6%95%E0%A6%95_%E0%A6%AA%E0%A6%A6%E0%A7%8D%E0%A6%A7%E0%A6%A4%E0%A6%BF
https://bn.wikipedia.org/wiki/%E0%A6%86%E0%A6%A8%E0%A7%8D%E0%A6%A4%E0%A6%B0%E0%A7%8D%E0%A6%9C%E0%A6%BE%E0%A6%A4%E0%A6%BF%E0%A6%95_%E0%A6%8F%E0%A6%95%E0%A6%95_%E0%A6%AA%E0%A6%A6%E0%A7%8D%E0%A6%A7%E0%A6%A4%E0%A6%BF
https://bn.wikipedia.org/wiki/%E0%A6%86%E0%A6%A8%E0%A7%8D%E0%A6%A4%E0%A6%B0%E0%A7%8D%E0%A6%9C%E0%A6%BE%E0%A6%A4%E0%A6%BF%E0%A6%95_%E0%A6%8F%E0%A6%95%E0%A6%95_%E0%A6%AA%E0%A6%A6%E0%A7%8D%E0%A6%A7%E0%A6%A4%E0%A6%BF
https://bn.wikipedia.org/wiki/%E0%A6%86%E0%A6%A8%E0%A7%8D%E0%A6%A4%E0%A6%B0%E0%A7%8D%E0%A6%9C%E0%A6%BE%E0%A6%A4%E0%A6%BF%E0%A6%95_%E0%A6%8F%E0%A6%95%E0%A6%95_%E0%A6%AA%E0%A6%A6%E0%A7%8D%E0%A6%A7%E0%A6%A4%E0%A6%BF
https://bn.wikipedia.org/wiki/%E0%A6%B8%E0%A7%87%E0%A6%B2%E0%A6%B8%E0%A6%BF%E0%A6%AF%E0%A6%BC%E0%A6%BE%E0%A6%B8
https://bn.wikipedia.org/wiki/%E0%A6%A4%E0%A6%BE%E0%A6%AA%E0%A6%AE%E0%A6%BE%E0%A6%A4%E0%A7%8D%E0%A6%B0%E0%A6%BE
https://bn.wikipedia.org/wiki/%E0%A6%A4%E0%A6%BE%E0%A6%AA%E0%A6%AE%E0%A6%BE%E0%A6%A4%E0%A7%8D%E0%A6%B0%E0%A6%BE
https://bn.wikipedia.org/wiki/%E0%A6%A4%E0%A6%BE%E0%A6%AA%E0%A6%AE%E0%A6%BE%E0%A6%A4%E0%A7%8D%E0%A6%B0%E0%A6%BE
https://bn.wikipedia.org/wiki/%E0%A6%A4%E0%A6%BE%E0%A6%AA%E0%A6%AE%E0%A6%BE%E0%A6%A4%E0%A7%8D%E0%A6%B0%E0%A6%BE
https://bn.wikipedia.org/wiki/%E0%A6%AB%E0%A6%BE%E0%A6%B0%E0%A7%87%E0%A6%A8%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%9F
https://bn.wikipedia.org/wiki/%E0%A6%95%E0%A7%87%E0%A6%B2%E0%A6%AD%E0%A6%BF%E0%A6%A8
https://bn.wikipedia.org/w/index.php?title=%E0%A6%AA%E0%A6%B0%E0%A6%AE_%E0%A6%B6%E0%A7%82%E0%A6%A8%E0%A7%8D%E0%A6%AF_%E0%A6%A4%E0%A6%BE%E0%A6%AA%E0%A6%AE%E0%A6%BE%E0%A6%A4%E0%A7%8D%E0%A6%B0%E0%A6%BE&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%AA%E0%A6%B0%E0%A6%AE_%E0%A6%B6%E0%A7%82%E0%A6%A8%E0%A7%8D%E0%A6%AF_%E0%A6%A4%E0%A6%BE%E0%A6%AA%E0%A6%AE%E0%A6%BE%E0%A6%A4%E0%A7%8D%E0%A6%B0%E0%A6%BE&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%AA%E0%A6%B0%E0%A6%AE_%E0%A6%B6%E0%A7%82%E0%A6%A8%E0%A7%8D%E0%A6%AF_%E0%A6%A4%E0%A6%BE%E0%A6%AA%E0%A6%AE%E0%A6%BE%E0%A6%A4%E0%A7%8D%E0%A6%B0%E0%A6%BE&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%AA%E0%A6%B0%E0%A6%AE_%E0%A6%B6%E0%A7%82%E0%A6%A8%E0%A7%8D%E0%A6%AF_%E0%A6%A4%E0%A6%BE%E0%A6%AA%E0%A6%AE%E0%A6%BE%E0%A6%A4%E0%A7%8D%E0%A6%B0%E0%A6%BE&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%AA%E0%A6%B0%E0%A6%AE_%E0%A6%B6%E0%A7%82%E0%A6%A8%E0%A7%8D%E0%A6%AF_%E0%A6%A4%E0%A6%BE%E0%A6%AA%E0%A6%AE%E0%A6%BE%E0%A6%A4%E0%A7%8D%E0%A6%B0%E0%A6%BE&action=edit&redlink=1
https://bn.wikipedia.org/wiki/%E0%A6%AA%E0%A6%A6%E0%A6%BE%E0%A6%B0%E0%A7%8D%E0%A6%A5%E0%A6%AC%E0%A6%BF%E0%A6%9C%E0%A7%8D%E0%A6%9E%E0%A6%BE%E0%A6%A8
https://bn.wikipedia.org/wiki/%E0%A6%AC%E0%A6%B2
https://bn.wikipedia.org/wiki/%E0%A6%9A%E0%A6%BE%E0%A6%AA
https://bn.wikipedia.org/wiki/%E0%A6%9A%E0%A6%BE%E0%A6%AA
https://bn.wikipedia.org/wiki/%E0%A6%9A%E0%A6%BE%E0%A6%AA
https://bn.wikipedia.org/wiki/%E0%A6%AC%E0%A7%8D%E0%A6%B2%E0%A7%87%E0%A6%87%E0%A6%9C_%E0%A6%AA%E0%A7%8D%E0%A6%AF%E0%A6%BE%E0%A6%B8%E0%A6%95%E0%A7%87%E0%A6%B2
https://bn.wikipedia.org/w/index.php?title=%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%A1%E0%A7%8D%E0%A6%B0%E0%A7%8B%E0%A6%B8%E0%A7%8D%E0%A6%9F%E0%A6%BE%E0%A6%9F%E0%A6%BF%E0%A6%95&action=edit&redlink=1
https://bn.wikipedia.org/wiki/%E0%A6%AD%E0%A7%87%E0%A6%95%E0%A7%8D%E0%A6%9F%E0%A6%B0
https://bn.wikipedia.org/w/index.php?title=%E0%A6%B8%E0%A7%8D%E0%A6%95%E0%A7%87%E0%A6%B2%E0%A6%BE%E0%A6%B0&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%9F%E0%A7%87%E0%A6%A8%E0%A7%8D%E0%A6%B8%E0%A6%BE%E0%A6%B0&action=edit&redlink=1
https://bn.wikipedia.org/wiki/%E0%A6%8F%E0%A6%B8%E0%A7%8D%E2%80%8C%E0%A6%86%E0%A6%87_%E0%A6%8F%E0%A6%95%E0%A6%95
https://bn.wikipedia.org/wiki/%E0%A6%8F%E0%A6%B8%E0%A7%8D%E2%80%8C%E0%A6%86%E0%A6%87_%E0%A6%8F%E0%A6%95%E0%A6%95
https://bn.wikipedia.org/wiki/%E0%A6%8F%E0%A6%B8%E0%A7%8D%E2%80%8C%E0%A6%86%E0%A6%87_%E0%A6%8F%E0%A6%95%E0%A6%95
https://bn.wikipedia.org/wiki/%E0%A6%8F%E0%A6%B8%E0%A7%8D%E2%80%8C%E0%A6%86%E0%A6%87_%E0%A6%8F%E0%A6%95%E0%A6%95
https://bn.wikipedia.org/wiki/%E0%A6%8F%E0%A6%B8%E0%A7%8D%E2%80%8C%E0%A6%86%E0%A6%87_%E0%A6%8F%E0%A6%95%E0%A6%95
https://bn.wikipedia.org/wiki/%E0%A6%AA%E0%A7%8D%E0%A6%AF%E0%A6%BE%E0%A6%B8%E0%A7%8D%E0%A6%95%E0%A7%87%E0%A6%B2_(%E0%A6%8F%E0%A6%95%E0%A6%95)
https://bn.wikipedia.org/w/index.php?title=%E0%A6%B8%E0%A6%BF%E0%A6%9C%E0%A6%BF%E0%A6%8F%E0%A6%B8_%E0%A6%8F%E0%A6%95%E0%A6%95&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%B8%E0%A6%BF%E0%A6%9C%E0%A6%BF%E0%A6%8F%E0%A6%B8_%E0%A6%8F%E0%A6%95%E0%A6%95&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%B8%E0%A6%BF%E0%A6%9C%E0%A6%BF%E0%A6%8F%E0%A6%B8_%E0%A6%8F%E0%A6%95%E0%A6%95&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%A1%E0%A6%BE%E0%A6%87%E0%A6%A8/%E0%A6%B8%E0%A7%87%E0%A6%A8%E0%A7%8D%E0%A6%9F%E0%A6%BF%E0%A6%AE%E0%A6%BF%E0%A6%9F%E0%A6%BE%E0%A6%B0%C2%B2&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%A1%E0%A6%BE%E0%A6%87%E0%A6%A8/%E0%A6%B8%E0%A7%87%E0%A6%A8%E0%A7%8D%E0%A6%9F%E0%A6%BF%E0%A6%AE%E0%A6%BF%E0%A6%9F%E0%A6%BE%E0%A6%B0%C2%B2&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%A1%E0%A6%BE%E0%A6%87%E0%A6%A8/%E0%A6%B8%E0%A7%87%E0%A6%A8%E0%A7%8D%E0%A6%9F%E0%A6%BF%E0%A6%AE%E0%A6%BF%E0%A6%9F%E0%A6%BE%E0%A6%B0%C2%B2&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%A1%E0%A6%BE%E0%A6%87%E0%A6%A8/%E0%A6%B8%E0%A7%87%E0%A6%A8%E0%A7%8D%E0%A6%9F%E0%A6%BF%E0%A6%AE%E0%A6%BF%E0%A6%9F%E0%A6%BE%E0%A6%B0%C2%B2&action=edit&redlink=1

Mention units of heat, temperature scale and pressure.
Convert one unit to another unit of heat, temperature scale and pressure.
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https://bn.wikipedia.org/w/index.php?title=%E0%A6%B9%E0%A6%BF%E0%A6%AE%E0%A6%BE%E0%A6%99%E0%A7%8D%E0%A6%95&action=edit&redlink=1
https://bn.wikipedia.org/wiki/%E0%A6%B8%E0%A7%8D%E0%A6%AB%E0%A7%81%E0%A6%9F%E0%A6%A8%E0%A6%BE%E0%A6%99%E0%A7%8D%E0%A6%95
https://bn.wikipedia.org/wiki/%E0%A6%AB%E0%A6%BE%E0%A6%B0%E0%A7%87%E0%A6%A8%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%9F
https://bn.wikipedia.org/wiki/%E0%A6%AB%E0%A6%BE%E0%A6%B0%E0%A7%87%E0%A6%A8%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%9F
https://bn.wikipedia.org/wiki/%E0%A6%AB%E0%A6%BE%E0%A6%B0%E0%A7%87%E0%A6%A8%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%9F
https://bn.wikipedia.org/wiki/%E0%A6%AB%E0%A6%BE%E0%A6%B0%E0%A7%87%E0%A6%A8%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%9F
https://bn.wikipedia.org/wiki/%E0%A6%AB%E0%A6%BE%E0%A6%B0%E0%A7%87%E0%A6%A8%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%9F
https://bn.wikipedia.org/wiki/%E0%A6%AB%E0%A6%BE%E0%A6%B0%E0%A7%87%E0%A6%A8%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%9F
https://bn.wikipedia.org/wiki/%E0%A6%AB%E0%A6%BE%E0%A6%B0%E0%A7%87%E0%A6%A8%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%9F
https://bn.wikipedia.org/wiki/%E0%A6%AB%E0%A6%BE%E0%A6%B0%E0%A7%87%E0%A6%A8%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%9F
https://bn.wikipedia.org/wiki/%E0%A6%AB%E0%A6%BE%E0%A6%B0%E0%A7%87%E0%A6%A8%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%9F
https://bn.wikipedia.org/w/index.php?title=%E0%A6%AA%E0%A6%B0%E0%A6%AE_%E0%A6%B6%E0%A7%82%E0%A6%A8%E0%A7%8D%E0%A6%AF&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%AA%E0%A6%B0%E0%A6%AE_%E0%A6%B6%E0%A7%82%E0%A6%A8%E0%A7%8D%E0%A6%AF&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%AA%E0%A6%B0%E0%A6%AE_%E0%A6%B6%E0%A7%82%E0%A6%A8%E0%A7%8D%E0%A6%AF&action=edit&redlink=1
https://bn.wikipedia.org/wiki/%E0%A6%AB%E0%A6%BE%E0%A6%B0%E0%A7%87%E0%A6%A8%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%9F
https://bn.wikipedia.org/wiki/%E0%A6%AB%E0%A6%BE%E0%A6%B0%E0%A7%87%E0%A6%A8%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%9F
https://bn.wikipedia.org/wiki/%E0%A6%AB%E0%A6%BE%E0%A6%B0%E0%A7%87%E0%A6%A8%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%9F
https://bn.wikipedia.org/w/index.php?title=%E0%A6%B0%E0%A6%BE%E0%A6%A8%E0%A6%95%E0%A6%BF%E0%A6%A8_%E0%A6%B8%E0%A7%8D%E0%A6%95%E0%A7%87%E0%A6%B2%E0%A7%87&action=edit&redlink=1
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https://bn.wikipedia.org/wiki/%E0%A6%AA%E0%A6%A6%E0%A6%BE%E0%A6%B0%E0%A7%8D%E0%A6%A5%E0%A6%AC%E0%A6%BF%E0%A6%9C%E0%A7%8D%E0%A6%9E%E0%A6%BE%E0%A6%A8
https://bn.wikipedia.org/wiki/%E0%A6%AC%E0%A6%B2
https://bn.wikipedia.org/wiki/%E0%A6%9A%E0%A6%BE%E0%A6%AA
https://bn.wikipedia.org/wiki/%E0%A6%9A%E0%A6%BE%E0%A6%AA
https://bn.wikipedia.org/wiki/%E0%A6%9A%E0%A6%BE%E0%A6%AA
https://bn.wikipedia.org/wiki/%E0%A6%AC%E0%A7%8D%E0%A6%B2%E0%A7%87%E0%A6%87%E0%A6%9C_%E0%A6%AA%E0%A7%8D%E0%A6%AF%E0%A6%BE%E0%A6%B8%E0%A6%95%E0%A7%87%E0%A6%B2
https://bn.wikipedia.org/w/index.php?title=%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%A1%E0%A7%8D%E0%A6%B0%E0%A7%8B%E0%A6%B8%E0%A7%8D%E0%A6%9F%E0%A6%BE%E0%A6%9F%E0%A6%BF%E0%A6%95&action=edit&redlink=1
https://bn.wikipedia.org/wiki/%E0%A6%AD%E0%A7%87%E0%A6%95%E0%A7%8D%E0%A6%9F%E0%A6%B0
https://bn.wikipedia.org/w/index.php?title=%E0%A6%B8%E0%A7%8D%E0%A6%95%E0%A7%87%E0%A6%B2%E0%A6%BE%E0%A6%B0&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%9F%E0%A7%87%E0%A6%A8%E0%A7%8D%E0%A6%B8%E0%A6%BE%E0%A6%B0&action=edit&redlink=1
https://bn.wikipedia.org/wiki/%E0%A6%8F%E0%A6%B8%E0%A7%8D%E2%80%8C%E0%A6%86%E0%A6%87_%E0%A6%8F%E0%A6%95%E0%A6%95
https://bn.wikipedia.org/wiki/%E0%A6%8F%E0%A6%B8%E0%A7%8D%E2%80%8C%E0%A6%86%E0%A6%87_%E0%A6%8F%E0%A6%95%E0%A6%95
https://bn.wikipedia.org/wiki/%E0%A6%8F%E0%A6%B8%E0%A7%8D%E2%80%8C%E0%A6%86%E0%A6%87_%E0%A6%8F%E0%A6%95%E0%A6%95
https://bn.wikipedia.org/wiki/%E0%A6%8F%E0%A6%B8%E0%A7%8D%E2%80%8C%E0%A6%86%E0%A6%87_%E0%A6%8F%E0%A6%95%E0%A6%95
https://bn.wikipedia.org/wiki/%E0%A6%8F%E0%A6%B8%E0%A7%8D%E2%80%8C%E0%A6%86%E0%A6%87_%E0%A6%8F%E0%A6%95%E0%A6%95
https://bn.wikipedia.org/wiki/%E0%A6%AA%E0%A7%8D%E0%A6%AF%E0%A6%BE%E0%A6%B8%E0%A7%8D%E0%A6%95%E0%A7%87%E0%A6%B2_(%E0%A6%8F%E0%A6%95%E0%A6%95)
https://bn.wikipedia.org/w/index.php?title=%E0%A6%B8%E0%A6%BF%E0%A6%9C%E0%A6%BF%E0%A6%8F%E0%A6%B8_%E0%A6%8F%E0%A6%95%E0%A6%95&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%B8%E0%A6%BF%E0%A6%9C%E0%A6%BF%E0%A6%8F%E0%A6%B8_%E0%A6%8F%E0%A6%95%E0%A6%95&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%B8%E0%A6%BF%E0%A6%9C%E0%A6%BF%E0%A6%8F%E0%A6%B8_%E0%A6%8F%E0%A6%95%E0%A6%95&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%A1%E0%A6%BE%E0%A6%87%E0%A6%A8/%E0%A6%B8%E0%A7%87%E0%A6%A8%E0%A7%8D%E0%A6%9F%E0%A6%BF%E0%A6%AE%E0%A6%BF%E0%A6%9F%E0%A6%BE%E0%A6%B0%C2%B2&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%A1%E0%A6%BE%E0%A6%87%E0%A6%A8/%E0%A6%B8%E0%A7%87%E0%A6%A8%E0%A7%8D%E0%A6%9F%E0%A6%BF%E0%A6%AE%E0%A6%BF%E0%A6%9F%E0%A6%BE%E0%A6%B0%C2%B2&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%A1%E0%A6%BE%E0%A6%87%E0%A6%A8/%E0%A6%B8%E0%A7%87%E0%A6%A8%E0%A7%8D%E0%A6%9F%E0%A6%BF%E0%A6%AE%E0%A6%BF%E0%A6%9F%E0%A6%BE%E0%A6%B0%C2%B2&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%A1%E0%A6%BE%E0%A6%87%E0%A6%A8/%E0%A6%B8%E0%A7%87%E0%A6%A8%E0%A7%8D%E0%A6%9F%E0%A6%BF%E0%A6%AE%E0%A6%BF%E0%A6%9F%E0%A6%BE%E0%A6%B0%C2%B2&action=edit&redlink=1
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°C = (°F — 0R) x &/

K = (°F + 8&5.Y4) x &/%

°R = °F + 8¢ ».\vA4

°De = (2D — °F) X ¢/\Y

°N = (°F — 93) x $3/\b0

°Ré = (°F — OR) x 8/

°Ro = (°F — ©3) x 4/28+ 4.¢

°F=°C X &/C& + 92

°F = [K] X &/¢ — 8¢ ».\b4

°F = °R — 8¢ ».\v4

°F = 09— °De X Y/¢&

°F = °N X\Y0/55+ 9

°F = °Ré X 8/a+ 9

°F = (°Ro — Q.€) x :8/9+ 9
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Low-grade energy: Based on the thermodynamic concepts, an
energy source can be called as high-grade or low-grade,
depending the ease with which it can be converted into other
forms. Thus electrical energy is called a high-grade energy, as it is
very easy to convert almost all of it into other energy forms such
as thermal energy (say by using an electrical heater). Whereas, it is
not possible to convert thermal energy completely into electrical
energy (typical efficiencies of thermal power plants are around 30
percent), hence thermal energy is called a low-grade energy.
Naturally, high-grade energy sources are more expensive
compared to low-grade energy sources.
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2. Understand the concept of
specific heat of gases.

<
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Detine specific heat, thermal capacity and water equivalent.
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Describe the terms specific heat at constant pressure (Cp) and
specific heat at constant Volume (Cv).
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| Mention Regnault’s law.

|
|

\ PSS

Regnault’s Law:
Regnault’s law states that the specific heat capacity of a gas at constant

- pressure (C,)) and the specific heat capacity of a gas at constant volume .

(C,) do not change with change in pressure and temperature. According
to this law, C, and C, values of a gas remain constant.




Relation between C and C,













Explain the ratio of two specific heats (y)
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Mention the standard value of Cp, Cyv, and y for some common gases.










Solve problems on Cp, Cv, and vy
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1. Thermal Engineering
Tata McGraw Hill Publication A R Basu

2. Thermal Engineering Heat Power
DhanpatRai andCo.(P)Ltd, New Delhi R. S. Khurmi and J. K.Gupta

3. A Text book of Thermal Engineering
S. Chand and Co.Ltd P K Nag Basic and applied thermodynamics Tata McGraw Hill Publication Rai&Sarao

4. Applied Thermodynamics.

SatyaProkashan
Dr. D.S. Kumar Heat &Mass Transfer S.K. Kataria& sons A.S. Sarao

5. Thermal Engineering
SatyaProkashan H.B.Kaswani

6. Heat and Mass Transfer
Satya Prokashan Brijlal N. Subrahmanyam P.S.Hemen

7. Heat Thermodynamics and Statistical Physics
S. Chand and Co.L.td.
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State Boyle's
law, Chatles'
law and Gay-

Lussac law,

- Avogadro’s
law.
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State Boyle's
law, Chatles'
law and Gay-
Lussac law,
Avogadro’s

law.
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23« 57 760 mm of Hg or 1.01325
kg/cm2
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4. UNDERSTAND THE |
LAWS OF
THERMODYNAMICS.
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Zeroth law of thermodynamics
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(Mechanical Equivalent)

J=427 kg-m/kcal, 4.2 kj/kcal, 778 ft-Ib/BTU
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CONSERVATION OF ENERGY
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H=W+E , H=Heat Supplied,
W= Work done ,E=Enternal
Energy




4.2 Explain the 1st law of thermodynamics and it's limitation.

CONSERVATION OF ENERGY
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Define internal energy.
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Define internal energy.

Explain the internal energy of a gas heated at constant
volume and constant pressure.
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Figure 8.24 Specific heat capacity at
constant volume




Explain the internal energy of a gas heated at constant
volume and constant pressure.
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Figure 8.23 Specific heat capacity at
constant pressure




Relate between internal energy and enthalpy

could anyone explain me the fundamental different between internal
energy and enthalpy? I searched and found the below definitions for both

terms. INTERNAL ENERGY: In thermodynamics, the internal energy is
. the energy contained by a thermodynamic system. ENTHALPY: Enthalpy
is a measure of the total energy of a thermodynamic system. I really
couldn't find the differences. Is enthalpy a subset of internal energy or
internal energy a subset of enthalpy?
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the principle that at constant temperature the internal

energy of an ideal gas 1s independent of volume.

Real gases change their internal energy with volume
as a result of intermolecular forces



https://www.collinsdictionary.com/dictionary/english/constant
https://www.collinsdictionary.com/dictionary/english/temperature
https://www.collinsdictionary.com/dictionary/english/internal
https://www.collinsdictionary.com/dictionary/english/energy
https://www.collinsdictionary.com/dictionary/english/ideal
https://www.collinsdictionary.com/dictionary/english/independent
https://www.collinsdictionary.com/dictionary/english/volume
https://www.collinsdictionary.com/dictionary/english/real
https://www.collinsdictionary.com/dictionary/english/intermolecular
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P-V and T-S Diagram of Otto Cycle
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P-V and T-S Diagram of Diesel Cycle
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Detine entropy. 7.2 Mention the importance ot entropy

Describe the principle of increase of entropy. 7.4 Establish
the relation between heat & entropy
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Entropy Changes in an ldeal Gas

[VW, S & B: 6.5- 6.6, 7.1]
Many aerospace applications involve flow of gases (e.g., air) and we thus examine the entropy
relations for ideal gas behavior. The starting point is form (a) of the combined first and second

law, du = Tds — Pdv.

For an ideal gas, du=c.ar . Thus Tds — c,dT + Pdv  or  ds — m-g + ;d.u.

Using the equation of state for an ideal gas ( rv=rT ), we can write the entropy change as an
expression with only exact differentials:

dT dw
ds = cy— + H—.
§=c T + y

We can think of Equation (5.2) as relating the fractional change in temperature to the fractional
change of volume, with scale factors and ; If the volume increases without a proportionate
decrease in temperature (as in the case of an adiabatic free expan<inm than  incraacac

3 < 3 R Tz gT vz oy
Integrating Equation (5.2) between two states 1" and 2" As =5, — 8 =/T e TR | Tl

]



https://web.mit.edu/16.unified/www/FALL/thermodynamics/notes/node40.html
https://web.mit.edu/16.unified/www/FALL/thermodynamics/notes/node40.html

For a perfect gas with constant specific heats A, ¢ —cm (E) RIn (u;) ‘

1 (]

In non-dimensional form (using g/, =(v-1) )

A T v
25 In (—2) + (7 —1)In (1—2) . Entropy change of a perfect gas.

Cy TJ_ i
uation IS in terms of specific quantities. For moles of gas, as 1 /7 v,
relations ; , we find — =N [ln (ﬁ) +(y—1)n (ﬂ)} :
or

This expression gives entropy change in terms of temperature and volume. We can develop an
alternative form in terms of pressure and volume, which allows us to examine an assumption we

have used. The ideal gas equation of state can be written as mP+Iny—InR+InT
aP  dv _dT
P v T

—Taking differentials of bothsidesyields



https://web.mit.edu/16.unified/www/FALL/thermodynamics/notes/node40.html

Using both sides of (5.4) as exponents we obtain

-
Py

Pl 1??

= [PV = e/



https://web.mit.edu/16.unified/www/FALL/thermodynamics/notes/node40.html

Using both sides of (5.4) as exponents we obtain

Equation (5.5) describes a general process. For the specific situation in which , I.e., the entropy is
constant, we recover the expression . It was stated that this expression applied to a

reversible, adiabatic process. We now see, through use of the second law, a deeper meaning to the
- expression, and to the concept of a reversible adiabatic process, in that both are characteristics of a

constant entropy, or isentropic, process.
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Name the three-state of a substance.
Discuss the triple point of a substance.

Solids
A solid’s particles are packed closely together. The forces between the particles are strong enough that the particles
cannot move freely; they can only vibrate. As a result, a solid has a stable, definite shape and a definite volume. Solids
can only change shape under force, as when broken or cut.
In crystalline solids, particles are packed in a regularly ordered, repeating pattern. There are many different crystal
structures, and the same substance can have more than one structure. For example, iron has a body-centered cubic
structure at temperatures below 912 °C and a face-centered cubic structure between 912 and 1394 °C. Ice has fifteen
_ known crystal structures, each of which exists at a different temperature and pressure.
A solid can transform into a liquid through melting, and a liquid can transform into a solid through freezing. A solid

can also change directly into a gas through a process called sublimation.

neighboring molecules is much greater than the size of the molecules themselves.

A gas at a temperature below its critical temperature can also be called a vapor. A vapor can be liquefied through
compression without cooling, It can also exist in equilibrium with a liquid (or solid), in which case the gas pressure
equals the vapor pressure of the liquid (or solid).

A supercritical fluid (SCF) 1s a gas whose temperature and pressure are greater than the critical temperature and
critical pressure. In this state, the distinction between liquid and gas disappears. A supercritical fluid has the physical
properties of a gas, but its high density lends it the properties of a solvent in some cases. This can be useful in several
applications. For example, supercritical carbon dioxide 1s used to extract caffeine in the manufacturing of
decaffeinated coffee.



8.2 Distinguish between the steam and vapors.

Liquids

A liquid 1s a fluid that conforms to the shape of its container but that retains a nearly constant volume independent
of pressure. The volume is definite (does not change) if the temperature and pressure are constant. When a solid is
heated above its melting point, it becomes liquid because the pressure 1s higher than the triple point of the
substance. Intermolecular (or interatomic or interionic) forces are still important, but the molecules have enough
energy to move around, which makes the structure mobile. This means that a liquid is not definite in shape but
rather conforms to the shape of its container. Its volume is usually greater than that of its corresponding solid
(water is a well-known exception to this rule). The highest temperature at which a particular liquid can exist 1s called
its critical temperature.

A liquid can be converted to a gas through heating at constant pressure to the substance’s boiling point or through
reduction of pressure at constant temperature. This process of a liquid changing to a gas is called evaporation.




Gases
Gas molecules have either very weak bonds or no bonds at all, so
they can move freely and quickly. Because of this, not only will a
. gas conform to the shape of its container, it will also expand to .
completely fill the container. Gas molecules have enough kinetic
energy that the effect of intermolecular forces is small (or zero, for
an ideal gas), and they are spaced very far apart from each other;
the typical distance between



List the properties of vapors.

solid phase

Pressure

compressible

supercritical fluid
liquid

critical pressure
PCI‘

liquid critical point

phase

Pty triple point |

gaseous phase
vapour

critical
temperature
Ttp Ter

-
rmvrr————

Temperature




t is necessary to understand the properties of steam so that we can make proper use of it. Equipment
size can be decided, pipe systems can be perfectly designed. It also allows us to make informed
decisions affecting the energy usage of the system.

The properties are:

(1) Quality of steam (Dryness fraction)

- Dryness fraction in simple words denotes the mass of dry steam in given steam. Or how much steam is -
dry or in other words how much water vapour is present in steam. It is denoted by ‘x'.

M
T M4+m

Where M=mass of the dry steam

m=mass of water vapour




The use of dryness fraction allow us to know both the mass of dry steam and mass of water vapour.

Now, see

|f {liaw means dry steam is 0.9 kg and water vapour is 0.1 kg in 1 kg of given steam.

- Obviously for dry steam,
v =1

Quality is represented in percentage but meaning is same as ‘X'.

If quality of steam is 80%, then it has 80% of dry steam and 20 % water vapour by mass.




Specific volume :

Gases (steam is a gas) occupy less space under higher
pressure than under lower pressure. This means 1
kilogram of steam occupies different volumes,
depending upon its pressure. The term specific volume
refers to the volume that one kg of steam occupies at a
given pressure and temperature.

Unit is m?/kg,denoted by v




Enthalpy

The total heat content of a substance is called enthalpy. Actually it has much broad definition in
thermodynamics but for 15t year BME students this definition works just fine. So, total heat content
by steam is termed as its enthalpy. It is denoted by ‘H’. Sl unit is KJ

‘h' is generally used term which represents specific enthalpy, unit for which is KJ/Kg.

In steam tables you will see enthalpy written as
hy, hy, hyg

is the enthalpy of liquid that is water at boiling point that's why subscript ‘I’ is used, point ‘D’ in h-
T diagram. Similarly is enthalpy of dry saturated steam, point ‘E’ in h-T diagram and IS the
latent heat, Process D to E in h-T di¢_;1£|ram.




Explain the Formation of steam at constant pressure

Formation of steam at constant pressure:

Before going into formation of stean let we understand why steam is
being formed/produced at constant pressure.

The boiling temperature is 100  at one particular pressure that is 1 atm.
Now if we change the pressure then the boiling temperature also
changes. Since both are directly proportional then if we decrease
pressure, boiling temperature decreases and vice versa.




vl
o
i
! T-h diagram of formation of steam at constant pressure:
| A j"" | After having understood the temperature and pressure
;f_-i{f | e fundamentals, let we discuss how we are going to
r I J bl * produce steam from 1 kg piece of ice.
| f4;x | o S
.rf J Suppose the initial temperature of ice is a solid phase of

| | water is -10  .Now, keeping pressure constant which is
again assumed as 1 atm, we provide continuous heat to
L B Y O B the ice
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Let us understand what is happening in the above graph.

The graph is plotted between T and h. Let’s start with point A at which ice is at temperature
-10 . Now, as we provide heat to the piece of ice, its temperature as well as enthalpy
Increases simultaneously upto point ‘B’.

. PointBisat0 at which the phase transformation of solid ice into liquid takes place. This .
point is called melting point and temperature will remain constant until the whole

transformation process is completed i.e all ice will convertin liquid at0 . Thisis so
because of latent heat of fusion. All the heat we are providing is actually increasing the
energy of the molecules of the water not its temperature, that's why enthalpy increases but
the temperature remains constant upto point C. Heat provided from point ‘B’ to point ‘C’ is
hidden and cannot be measured using thermometer.



Since we are providing continuous heat the temperature and the
enthalpy both increases (sensible heating). At ‘D’ which is

boiling point of water. The next phase transformation 1.e. liquid

to vapour (steam) takes place. Since, the temperature again

remains constant and enthalpy keep increasing, the heat .
absorbed during this is latent heat of vaporization. This process

goes upto ‘E’. At ‘E’ we have converted all liquid into steam. If

we keep providing heat then ultimately at ‘I’ superheated steam

1s obtained.



Describe the important terms for steam (wet steam, dry saturated steam, superheated steam, dryness fraction, specific
volume of steam, etc)

Definition - What does Wet Steam mean?
Wet steam 1s a mixture of steam and liquid water. It exists at a saturation temperature containing more than 5%
water. It is said to be a two-phase mix: steam contains droplets of water that have not changed phase

Wet steam may cause corrosion in vulnerable equipment such as turbine blades, low-pressure steam piping and heat
exchangers. Wet steam lowers the heat transfer efficiency of steam, which results in an inefficient sterilization
procedure.

Wet steam is also known as supersaturated steam.




Corrosionpedia explains Wet Steam

Wet steam is generated by heating water, which then turns to steam at the first stage. If additional heat is added to wet
steam at a set pressure, the temperature remains the same until all the liquid is evaporated. Only then does the
temperature rise above saturation, allowing the formation of wet steam.

The quantity of water in wet steam is designated by the quality. The superiority of steam refers to the percent of steam
flow that is steam and water by weight. Steam that is 90% steam and 10% water 1s known as 90% quality steam. Wet
steam 1s the most difficult type of steam to measure.




Definition - What does Dry Steam mean?

Dry steam 1s steam that 1s at the temperature of saturation, but
does not contain water particles in suspension. It has a very high
dryness fraction, with almost no moisture.

Commercially, dry steam contains not more than one
half of one percent moisture. The presence of moisture
In steam causes deposition, corrosion and reduction of
life expectancy of boilers or other heat exchangers.
Therefore, in heating applications, dry steam is
preferable, because it has a better energy exchange
capacity and does not cause corrosion.




Definition - What does Superheated Steam mean?

Superheated steam is steam at a temperature that 1s higher than its vaporization

(boiling) point at the absolute pressure. It 1s steam which 1s formed at the temperature
which exceeds that of saturated steam at the same pressure.




Superheated steam is used in turbines to improve thermal efficiency. Other uses include:
*Surface technologies

*Cleaning technologies

«Catalysis/chemical reaction processing

*Surface drying technologies

*Curing technologies

*Soil steaming

*Energy systems

*Nanotechnologies

Pitting, corrosion fatigue and stress corrosion cracking all may be caused by superheated
steam.




he properties of superheated steam are close to a perfect gas rather than a vapor. Since
superheated steam has no direct relationship between temperature and pressure, at a

articular pressure it may be possible for superheated steam to exist at a wide range of
peratures.

t

superheated steam is an insulator, superheated steam farther away from the surface
annot easily cool down and yield its energy.
uperheated steam’s greatest value lies in its tremendous internal energy that can be used

C
S
for kinetic reaction through mechanical expansion against turbine blades and reciprocating
pistons, producing rotary motion of a shaft.




Dryness fraction(x) is the ratio of mass of steam to total mass (mass of steam
+mass of water). o
X= Ms/Ms+Mw s
For example if value of X 1s 0.85 that means mixture of water and vapour e

contains 85 % vapour of total mixture in other words mixture of water and

vapour contains 15 % of moisture conten




(3) Enthalpy

The total heat content of a substance is called enthalpy. Actually it has much broad
definition in thermodynamics but for 15t year BME students this definition works just
fine. So, total heat content by steam is termed as its enthalpy. It is denoted by ‘H'.
Sl unit is KJ

‘h' is generally used term which represents specific enthalpy, unit for which is
KJ/Kg.

In steam tables you will see enthalpy written as

is the enthalpy of liquid that is water at boiling point that's why subscript ‘I’ is
used, point ‘D’ in h-T diagram. Similarly is enthalpy of dry satuily, hy, h team,
point ‘E’in h-T dih ram and IS the latent heat, Process D to E in h-T diagram.




specific volume of steam:

The volume per mass of steam varies with temperature and pressure.
At the temperature of boiling water at atmospheric pressure, it is 1.67m”3/kg




8.7 Explain the method of using steam table.

Till now we had studied that it is very important to study and understand the properties of steam
for proper utilization. Steam tables enable us to know these properties directly i.e. without doing
any calculation or other thing. These properties can be found out at a given pressure or
temperature.

Before obtaining these values let us understand few more things
Saturated steam :

Saturated steam is pure steam at the temperature that corresponds to the boiling temperature of
water at the existing pressure.

For example : Saturated steam is obtained at point ‘E’. where all the liquid water has converted
Into steam.

uy, hy,s; = These are the internal energy, specific enthalpy, specific entropy of liquid.

ug,hy, s, = These are the internal energy, specific enthalpy, specific entropy of gas

g




Coming back to steam table use, we can use either temperature tables or pressure tables.

If we have to find properties of steam at given temperature, use temperature scale and vice-
versa.

For super-heated steam, different table is given. Keep units in mind while using steam tables
and use scale for current measurement

Example on steam table usage

Suppose you have to find all properties of steam at 150 °( . Then first of all use
temperature scale.

Find out in the temperature where 150 “C is. Then mark it and put a scale across it
covering the entire row. This entire row will give you all the properties corresponding
to this temperature.

Fig. in this way, we can get all the properties, (U, 5.1, hg,s5)

So from above table at 150 °C values of properties of steam are

T T B =
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Explain the mollier diagram.

The Mollier diagram is a graphic representation of the relationship
between air temperature, moisture content and enthalpy - and is a
basic design tool for building engineers and designers



https://www.engineeringtoolbox.com/psychrometric-chart-mollier-d_27.html
https://www.engineeringtoolbox.com/psychrometric-chart-mollier-d_27.html
https://www.engineeringtoolbox.com/psychrometric-chart-mollier-d_27.html

of mostly oxygen, nitrogen and water vapor. The Mollier diagram is a graphic representation of the
relationship between air temperature, moisture content and enthalpy, and is a basic design tool for building engineers
and designers.

i 0,000



https://www.engineeringtoolbox.com/air-composition-d_212.html

Find out the different properties of steam from a steam table at a certain pressure and temperature.

Example - How to use the Mollier Chart

The state of air with 21 °C and relative humidity 50% 1s indicated in the Moliier chart below o
—_— cooo oo s o oo ROTS == ‘Eg— 5
ES-"< —— — — ‘

T = Esoggiamasar-iaes T sl B-x

T —— — — . —_—— - -



https://www.engineeringtoolbox.com/dry-wet-bulb-dew-point-air-d_682.html

9.UNDERSTAND THE
ASPECTS OF

THERMODYNAMIC CYCLES.




9.1 Define thermodynamic cycle.

A thermodynamic cycle is a series of P ‘ 1
which returns a
system to its initial state. depend
only on the and thus do
not change over a cycle. Variables such as
and are not zero over a cycle, but rather
depend on the process. The
dictates that the net heat
Input is equal to the net work output over any
cycle. The repeating nature of the process 4
path allows for continuous operation, making
the cycle an important concept in

T T B =


https://simple.wikipedia.org/w/index.php?title=Thermodynamic_process&action=edit&redlink=1
https://simple.wikipedia.org/wiki/Properties
https://simple.wikipedia.org/wiki/Thermodynamic_state
https://simple.wikipedia.org/wiki/Heat
https://simple.wikipedia.org/wiki/Work_(thermodynamics)
https://simple.wikipedia.org/wiki/First_law_of_thermodynamics
https://simple.wikipedia.org/wiki/First_law_of_thermodynamics
https://simple.wikipedia.org/wiki/Thermodynamics

Classify the thermodynamic cycle

Two primary classes of thermodynamic cycles are power cycles and heat
pump cycles. Power cycles are cycles which convert some heat input into a

' output, while heat pump cycles transfer heat from low to
. high temperatures by using mechanical work as the input. Cycles composed

entirely of quasistatic processes can operate as power or heat pump cycles
by controlling the process direction. On a of

, the

directions indicate power and heat pump cycles, respectively.


https://en.wikipedia.org/wiki/Mechanical_work
https://en.wikipedia.org/wiki/Pressure_volume_diagram
https://en.wikipedia.org/wiki/Pressure_volume_diagram
https://en.wikipedia.org/wiki/Pressure_volume_diagram
https://en.wikipedia.org/wiki/Temperature%E2%80%93entropy_diagram
https://en.wikipedia.org/wiki/Temperature%E2%80%93entropy_diagram
https://en.wikipedia.org/wiki/Temperature%E2%80%93entropy_diagram
https://en.wikipedia.org/wiki/Clockwise_and_counterclockwise

Relationship to work

The net work equals the area inside because it is (a) the Riemann
sum of work done on the substance due to expansion, minus (b) the
work done to re-compress.

Because the net variation in state properties during a thermodynamic
cycle is zero, it forms a closed loop on a . APV diagram's
Y axis shows pressure (P) and X axis shows volume (V). The area
enclosed by the loop is the work (W) done by the process:

This work is equal to the balance of heat (Q) transferred into the
system:

Equation (2) makes a cyclic process similar to an

even though the internal energy changes during the course of the
cyclic process, when the cyclic process finishes the system's energy
IS the same as the energy it had when the process began.

If the cyclic process moves clockwise around the loop, then W will be
positive, and it represents a . If it moves
counterclockwise, then W will be negative, and it represents a

W = ?’)‘ Pdv

7SS

b

I =1'U'r
%, PAV — 3, PAV

he net work equals the area
inside because it 1s (a) the

Riemann sum of work d
the substance due to exp
minus (b) the work done to) re-
compress.


https://en.wikipedia.org/wiki/File:PdV_work_cycle.gif
https://en.wikipedia.org/wiki/Pressure_volume_diagram
https://en.wikipedia.org/wiki/Isothermal_process
https://en.wikipedia.org/wiki/Heat_engine
https://en.wikipedia.org/wiki/Heat_pump
https://en.wikipedia.org/wiki/Heat_pump
https://en.wikipedia.org/wiki/File:PdV_work_cycle.gif

Each point in the cycle

Description of each point in the thermodynamic cycles.

Otto Cycle

1 -2: expansion: Constant (s), Decrease in (P),
Increase in (v), Decrease in (T)

«2—3: Cooling: Constant volume(v), Decrease in pressure (P),

Decrease in entropy (S), Decrease in temperature (T)

«3—4: Isentropic compression: Constant entropy (s), Increase in pressure
(P), Decrease in volume (Vv), Increase in temperature (T)

*4—1: Isochoric heating: Constant volume (v), Increase in pressure (P),
Increase in entropy (S), Increase in temperature (T)

Pl



https://en.wikipedia.org/wiki/Isentropic
https://en.wikipedia.org/wiki/Entropy
https://en.wikipedia.org/wiki/Pressure
https://en.wikipedia.org/wiki/Volume
https://en.wikipedia.org/wiki/Temperature
https://en.wikipedia.org/wiki/Isochoric_process
https://en.wikipedia.org/wiki/File:Stirling_Cycle.png

A list of thermodynamic processes

: No energy transfer as heat (Q) during that part of the cycle would amount to 6Q=0. This does
not exclude energy transfer as work.

. . The process is at a constant temperature during that part of the cycle (T=constant,

0T=0). This does not exclude energy transfer as heat or work.

. . Pressure in that part of the cycle will remain constant. (P=constant, 8P=0). This does not

exclude energy transfer as heat or work.

. : The process is constant volume (V=constant, d8V=0). This does not exclude energy .
transfer as heat or work.

. : The process is one of constant entropy (S=constant, 8S=0). This excludes the transfer of

heat but not work.

. . process that proceeds without any change in enthalpy or specific enthalpy

. . process that obeys the relation:

. :process where entropy production is zero


https://en.wikipedia.org/wiki/Adiabatic
https://en.wikipedia.org/wiki/Isothermal
https://en.wikipedia.org/wiki/Isobaric_process
https://en.wikipedia.org/wiki/Isochoric_process
https://en.wikipedia.org/wiki/Isentropic
https://en.wikipedia.org/wiki/Isenthalpic_process
https://en.wikipedia.org/wiki/Polytropic_process
https://en.wikipedia.org/wiki/Reversible_process_(thermodynamics)

Power cycles

Heat engine diagram.

Main article:

Thermodynamic power cycles are the basis for the operation of heat
engines, which supply most of the world's and run the
vast majority of . Power cycles can be organized into
two categories: real cycles and ideal cycles. Cycles encountered in
real world devices (real cycles) are difficult to analyze because of the
presence of complicating effects (friction), and the absence of
sufficient time for the establishment of equilibrium conditions. For the
purpose of analysis and design, idealized models (ideal cycles) are
created; these ideal models allow engineers to study the effects of
major parameters that dominate the cycle without having to spend
significant time working out intricate details present in the real cycle
model.



https://en.wikipedia.org/wiki/Heat_engine
https://en.wikipedia.org/wiki/Electric_power
https://en.wikipedia.org/wiki/Motor_vehicle
https://en.wikipedia.org/wiki/File:Carnot_heat_engine_2.svg

Power cycles can also be divided according
to the type of heat engine they seek to
model. The most common cycles used to

model are the
. which models )
and the , which models
. Cycles that model
include the
. which models . the
. which models
the , which models
, and the ,

which also models hot air engines

F"‘1

o
v

The clockwise thermodynamic cycle indicated by
arrows shows that the cycle represents a heat el
The cycle consists of four states (the point show
crosses) and four thermodynamic processes (lin

/ the
gine.
N by
es).



https://en.wikipedia.org/wiki/Internal_combustion_engine
https://en.wikipedia.org/wiki/Otto_cycle
https://en.wikipedia.org/wiki/Gasoline_engine
https://en.wikipedia.org/wiki/Diesel_cycle
https://en.wikipedia.org/wiki/Diesel_engine
https://en.wikipedia.org/wiki/Diesel_engine
https://en.wikipedia.org/wiki/External_combustion_engine
https://en.wikipedia.org/wiki/External_combustion_engine
https://en.wikipedia.org/wiki/Brayton_cycle
https://en.wikipedia.org/wiki/Brayton_cycle
https://en.wikipedia.org/wiki/Gas_turbine
https://en.wikipedia.org/wiki/Rankine_cycle
https://en.wikipedia.org/wiki/Steam_turbine
https://en.wikipedia.org/wiki/Stirling_cycle
https://en.wikipedia.org/wiki/Hot_air_engine
https://en.wikipedia.org/wiki/Hot_air_engine
https://en.wikipedia.org/wiki/Ericsson_cycle
https://en.wikipedia.org/wiki/File:Stirling_Cycle.png

F

C

or example, the pressure-volume output from the ideal Stirling cycle (net work out),
onsisting of 4 thermodynamic processes, isl It S I

(3) Wiet = Wi + Wi g + Wy oy + Wy

Va
Wi = f PdV, negative, work done on system
| ¥V

1
Vi
Wi g = PdV, zero work since Vo = V4
Va
Vi
Wig = P dV, positive, work done by system
Vi

¥
Wy = f PdV, zero work since Vy = 17
¥

7

For the ideal Stirling cycle, no volume change happens in process 4-1 and 2-3, thus equation (3) simplifies to:

(4) Whet = Wi + Wiy

Heat pump cycles

Main article:

Thermodynamic heat pump cycles are the for household and . There is no difference
between the two except the purpose of the refrigerator is to cool a very small space while the household heat pump is
intended to warm a house. Both work by moving heat from a cold space to a warm space. The most common

refrigeration cycle is the , which models systems using that change phase. The
is an alternative that absorbs the refrigerant in a liquid solution rather than evaporating it.
Gas refrigeration cycles include the reversed Brayton cycle and the . Multiple compression and

expansion cycles allow gas refrigeration systems to


https://en.wikipedia.org/wiki/Mechanical_work
https://en.wikipedia.org/wiki/Wikipedia:Citation_needed
https://en.wikipedia.org/wiki/Wikipedia:Accuracy_dispute
https://en.wikipedia.org/wiki/Talk:Thermodynamic_cycle
https://en.wikipedia.org/wiki/Heat_pump_and_refrigeration_cycle
https://en.wikipedia.org/wiki/Mathematical_model
https://en.wikipedia.org/wiki/Heat_pump
https://en.wikipedia.org/wiki/Refrigerator
https://en.wikipedia.org/wiki/Vapor_compression_cycle
https://en.wikipedia.org/wiki/Refrigerant
https://en.wikipedia.org/wiki/Absorption_refrigeration_cycle
https://en.wikipedia.org/wiki/Hampson%E2%80%93Linde_cycle
https://en.wikipedia.org/wiki/Hampson%E2%80%93Linde_cycle
https://en.wikipedia.org/wiki/Hampson%E2%80%93Linde_cycle
https://en.wikipedia.org/wiki/Liquefaction_of_gases

Modeling real systems

|
T A 3
|
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Fresh Air Exhaust ki
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P-v Diagram e T-s Diagram S

Example of a real system modelled by an idealized process: PV and TS diagrams of a Brayton cycle mapped to actual
processes of a gas turbine engine




Thermodynamic cycles may be used to model real devices and systems, typically by making a series of assumptions.
simplifying assumptions are often necessary to reduce the problem to a more manageable form. - For example, as shown
in the figure, devices such a or can be modeled as a . The actual device is made up of
a series of stages, each of which is itself modeled as an idealized thermodynamic process. Although each stage which
acts on the working fluid is a complex real device, they may be modelled as idealized processes which approximate their
real behavior. If energy is added by means other than combustion, then a further assumption 1s that the exhaust gases
would be passed from the exhaust to a heat exchanger that would sink the waste heat to the environment and the working
gas would be reused at the inlet stage.

The difference between an idealized cycle and actual performance may be significant. For example, the following

images illustrate the differences in work output predicted by an ideal and the actual performance of a
Stirling engine: P4 diogran
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https://en.wikipedia.org/wiki/Thermodynamic_cycle
https://en.wikipedia.org/wiki/Thermodynamic_cycle
https://en.wikipedia.org/wiki/Thermodynamic_cycle
https://en.wikipedia.org/wiki/Thermodynamic_cycle
https://en.wikipedia.org/wiki/Thermodynamic_cycle
https://en.wikipedia.org/wiki/Thermodynamic_cycle
https://en.wikipedia.org/wiki/Gas_turbine
https://en.wikipedia.org/wiki/Jet_engine
https://en.wikipedia.org/wiki/Brayton_cycle
https://en.wikipedia.org/wiki/Thermodynamic_cycle
https://en.wikipedia.org/wiki/Thermodynamic_cycle
https://en.wikipedia.org/wiki/Thermodynamic_cycle
https://en.wikipedia.org/wiki/Stirling_cycle

As the net work output for a cycle 1s represented by the interior of the cycle, there is a
significant difference between the predicted work output of the ideal cycle and the
actual work output shown by a real engine. It may also be observed that the real

. individual processes diverge from their idealized counterparts; e.g., isochoric expansion

(process 1-2) occurs with some actual volume change.




ell-known thermodynamic cycles

In practice, simple idealized thermodynamic cycles are usually made out of four . Any
thermodynamic processes may be used. However, when idealized cycles are modeled, often processes where one
state variable is kept constant are used, such as an (constant temperature),
(constant pressure), (constant volume), (constant entropy), or an

(constant enthalpy). Often are also used, where no heat is exchanged.

Some example thermodynamic cycles and their constituent processes are as follows:



https://en.wikipedia.org/wiki/Thermodynamic_process
https://en.wikipedia.org/wiki/Isothermal_process
https://en.wikipedia.org/wiki/Isobaric_process
https://en.wikipedia.org/wiki/Isochoric_process
https://en.wikipedia.org/wiki/Isentropic_process
https://en.wikipedia.org/wiki/Isenthalpic_process
https://en.wikipedia.org/wiki/Isenthalpic_process
https://en.wikipedia.org/wiki/Adiabatic_process
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Compression, Heat addition, Expansion, Heat rejection, e
Cycle Notes -
1—2 2—3 o—4 4—1
Power cycles normally with external combustion - or heat pump cycles:
Bell _ _ _ _ : : : .
adiabatic isobaric adiabatic isobaric A reversed Brayton cycle
Coleman
Carnot isentropic isothermal isentropic isothermal Carnot heat engine
Ericsson isothermal isobaric isothermal isobaric The second Ericsson cycle from 1853
Rankine adiabatic isobaric adiabatic isobaric Steam engine
Hygroscopic | adiabatic isobaric adiabatic isobaric Hygroscopic cycle
) _ _ variable pressure _ _ _ _
Scuderi adiabatic adiabatic isochoric
and volume
Stirling isothermal isochoric isothermal isochoric Stirling engine
. : : _ isochoric then . .
Manson isothermal isochoric isothermal _ _ Manson-Guise Engine
adiabatic
Stoddard adiabatic isobaric adiabatic isobaric
Power cycles normilly with internal combustion:
_ _ _ _ _ _ _ _ Jet engine. The external combustion version of this cycle is known as first
Brayton adiabatic isobaric adiabatic isobaric _
Ericsson cycle from 1833.
Diesel adiabatic isobaric adiabatic isochoric Diesel engine
) _ _ _ _ _ _ Pulse jets. Note, 1—2 accomplishes both the heat rejection and the
Lenoir isochoric adiabatic isobaric _
compression.
Otto isentropic isochoric isentropic isochoric Gasoline / petrol engines

m




An ideal cycle is consfructed out of.

1. TOP and BOTTOM of the loop: & pair of parallel isobaric processes
2. LEFT and RIGHT of the loop: a pair of parallel isochoric processes

Internal energy of a perfect gas undergoing different porfions of a cycle:

/ V:
sothermal: AU = RT 111% - RThn ﬁ = () (Note: U of an isothermal process has to equal 0)
1 1

sochoric: AU = C,AT - 0= C,AT
sobaric: AU = G, AT - RAT( or PAV) = C,AT

An illustration of an ideal cycle heat engine

(arw - - T ————




Camnot cycle [edi]
Main article: Garmnot E}/GHE

The Camnot cycle is a cycle composed of the totally reversible processes of isentropic compression and expansion and isothermal heat addition and rejection. The thermal
efficiency of a Camot cycle depends only on the absolute temperatures of the two reservoirs in which heat transfer takes place, and for a power cycle is:

where T} is the lowest cycle temperature and Ty the highest. For Carnot power cycles the coefiicient of performance for a heat pump is: .

I
Iy-T;

and for a refrigerator ihe coefficient of performance is:
Iy
Ty-Ty

The second [aw of thermodynamics limits the efficiency and COP for all cyclic devices to levels at or below the Camot efficiency. The Siiriing cycle and Ericsson cycle are fwo ofher
reversible cycles that use regeneration to obtain isothermal heat transfer

T —— a P T ——

COP=1+

COP =




Stirling cycle

Main article:

A Stirling cycle is like an Otto cycle, except that the adiabats are replaced by isotherms. It is also

the same as an Ericsson cycle with the isobaric processes substituted for constant volume

processes.

1.TOP and BOTTOM of the loop: a pair of quasi-parallel isothermal processes

2.LEFT and RIGHT sides of the loop: a pair of parallel isochoric processes

Heat flows into the loop through the top isotherm and the left isochore, and some of this heat

bws back out through the bottom isotherm and the right isochore, but most of the heat flow is

.rough the pair of isotherms. This makes sense since all the work done by the cycle is done by
the pair of isothermal processes, which are described by Q=W. This suggests that all the net heat
comes in through the top isotherm. In fact, all of the heat which comes in through the left isochore
comes out through the right isochore: since the top isotherm is all at the same warmer
temperature and the bottom isotherm is all at the same cooler temperature , and since
change in energy for an isochore is proportional to change in temperature, then all of the heat

coming in through the left isochore is cancelled out exactly by the heat going out the right
Isochore.



https://en.wikipedia.org/wiki/Stirling_cycle

1. Reversible cycle.

process, in which some change in the reverse direction, reverses the process completely, is known as
reversible process. In a reversible. process there should not be any loss of heat due to friction, .
adiation or conduction, etc. A cycle will be reversible if all the processes constituting the cycle are

reversible. Thus in a reversible cycle, the initial conditions are restored at the end of the cycle.

A little consideration will show, that when the operations are performed in the reversed order, the cycle
draws heat from the cold body and rejects it to the hot body. This operation requires an external power to
drive the mechanism according to second law of thermodynamics. A machine which operates on a
reversed cycle is regarded as a "heat pump", such as a refrigerator, because it pumps heat from the cold
body to the hot body. Following are the conditions for reversibility of a cycle:



1. The pressure and temperature of the working substance must not differ, appreciably,
from those of the surroundings at any stage in the process.

2. All the processes, taking place in the cycle ,of operation, must be extremely slow.

3. The working parts of the engine must be friction free.

- 4. There should be no loss of energy during the cycle of operation.

Note: A reversible cycle should not be confused with a mechanically reversible engine.
Steam engine cranks may be made to revolve in a reversed direction by mechanically
altering the valve settings. But this does not reverse the cycle, on which it works. A
two-stroke petrol engine may be made to revolve in reverse direction by altering the
timing of ignition. But this also does not reverse the actual cycle.




Irreversible cycle.

A process, in which change in the reverse direction, does not reverse the process, 1s
called irreversible process. In an irreversible process, there 1s a loss of heat due to
friction, radiation or conduction,

.]n an actual practice, most of the processes are irreversible to some degree. The main .

causes for the irreversibility are

(1) mechanical and fluid friction,
(1) unrestricted expansion
(111) heat transfer with a finite temperature difference.




Moreover, friction converts the mechanical work into heat. This heat cannot supply back the same amount of
mechanical work, which was consumed for its production. Thus, if there is some friction involved in the process, it
becomes irreversible. A cycle will be irreversible if any of the processes, constituting the cycle, is irreversible. Thus in
an irreversible cycle, the initial conditions are not restored at the end of the cycle.

Notes:

1. We have discussed the various thermodynamic processes. The processes such as constant volume, constant pressure,
isothermal or constant temperature (i.e. p.v = C), adiabatic and polytropic are all reversible processes.

2. The throttling is an irreversible process.




List the assumption in thermodynamic cycles.

Air-Standard Assumptions - Assumptions used to simplify analysss of complex gas
cycles. These assumptions are: (1)The working thusd 15 air, which contimuously
circulates in a closed loop and always behaves as an ideal gas. (2)AIl the processes are
ternally reverstble. (3)The combustion process 1s replaced by a heat additton process
(4)The exhaust process is replaced by a heat rejection process




Explain the reversible and irreversible cycles.

1. Reversible cycle.

A process, in which some change in the reverse direction, reverses the process completely, is known as a
reversible process. In a reversible. process there should not be any loss of heat due to friction, radiation or

uction, etc. A cycle will be reversible if all the processes constituting the cycle are reversible. Thus in a
rsible cycle, the initial conditions are restored at the end of the cycle.

A little consideration will show, that when the operations are performed in the reversed order, the cycle
draws heat from the cold body and rejects it to the hot body. This operation requires an external power to
drive the mechanism according to second law of thermodynamics. A machine which operates on a

reversed cycle is regarded as a "heat pump", such as a refrigerator, because it pumps heat from the cold
bady to the hot body. Following are the conditions for reversibility of a cycle:



1. The pressure and temperature of the working substance must not differ,
appreciably, from those of the surroundings at any stage in the process.

2. All the processes, taking place in the cycle ,of operation, must be extremely slow.

3. The working parts of the engine must be friction free.

- 4. There should be no loss of energy during the cycle of operation.

Note: A reversible cycle should not be confused with a mechanically reversible
engine. Steam engine cranks may be made to revolve in a reversed direction by
mechanically altering the valve settings. But this does not reverse the cycle, on which
it works. A two-stroke petrol engine may be made to revolve in reverse direction by
altering the timing of ignition. But this also does not reverse the actual cycle.




Irreversible cycle.

A process, in which change in the reverse direction, does not
reverse the process, 1s called irreversible process. In an
irreversible process, there is a loss of heat due to friction,
radiation or conduction,

In an actual practice, most of the processes are irreversible to
some degree. The main causes for the irreversibility are

(1) mechanical and fluid friction,
(i1) unrestricted expansion
(111) heat transfer with a finite temperature difference.




State the meaning of air standard cycle. Gas power cycle and vapor power cycle

Ajar-Standard Cycele - A cvcle for which the air-standard assumptions are applicable.

The air standard cycles
In what are known as air standard cycles, or ideal cycles, the , constant pressure and

are put together to form theoretical which we can show on the p/1” diagram. The actual p/ 1~

diagram is different from what is possible in practice, because, for instance, we assume that the gas is air throughout

hat expansion and compressions are adiabatic

.he cycle when in fact it may be . We also assume that valves can open and close simultaneously and



https://www.sciencedirect.com/topics/engineering/constant-volume
https://www.sciencedirect.com/topics/engineering/adiabatic-process
https://www.sciencedirect.com/topics/engineering/adiabatic-process
https://www.sciencedirect.com/topics/engineering/engine-cycle
https://www.sciencedirect.com/topics/engineering/combustion-gas

Air standard cycles are reference cycles which give an approximation to the performance of

Constant volume (Otto) cycle

This is the basis of the petrol

Figure 2.4.2 shows the cycle, made up of an adiabatic compression, 1-2 (piston rises to compress the air in the
cylinder), heat energy added at constant volume, 2-3 (the fuel burns), adiabatic expansion, 3—4 (the hot gases
drive the down the cylinder), and heat energy rejected at constant volume, 41 (exhaust)

Figure 2.4.2. Constant volume (Otto) cycle



https://www.sciencedirect.com/topics/engineering/internal-combustion-engines
https://www.sciencedirect.com/topics/engineering/internal-combustion-engines
https://www.sciencedirect.com/topics/engineering/engine-cycle
https://www.sciencedirect.com/topics/engineering/pistons

What can we do with this? We can calculate from our knowledge so far:

the pressures, volumes and temperatures around the cycle;
the work done during each of the processes and therefore the net work done;
the heat energy transferred during each process;

the ideal — or air standard — efficiency of the cycle using the expression we derived earlier in
this chapter.




Example 2.4.2

The ratio of compression of an engine working on the constant
volume cycle is 8.6:1. At the beginning of compression the
temperature is 32°C and at the end of heat supply the
temperature is 1600°C. If the index of compression and

expansion is 1.4, find:
(a) the temperature at the end of compression;
(b) the temperature at the end of expansion;

(c) the air standard efficiency of the cycle.

Figure 2.4.4 shows the cycle.

T, =32 + 273 = 305K
T, = 1600 + 273 = 1873K
Pi A

— e — ———————

«» the compression ratio is a ratio of volumes, V;/V5, not a ratio

of pressures;

« the dimensionless ratio values of 8.6 and 1 are used directly

in the equations;

« the heat energy transfer in a constant volume process is

(m.c,.0 T).

T, (v,\' ! g.6) 1471
E_(V_E) ' 305 (T)
T,=305x8.6°*

=721 .3 K temperature at end of compression.

E_(ﬁ)*"l I (1)
T, V, 1873 8.6 !
T,=1873 x0.42
=792 K temperature at end of expansion.

Air standard efhiciency, n

heat rejected

~ heat supplied
m.c, {T4 - T:L]

=1- mand ¢, cancel
m.c, (Ty—Tx)

o (792—305) 487
(1873-721.3) 1151.7

= 0.577 = 57.7 % air standard efficiency




Carnot cycle

In 1824 Carnot suggested a particular cycle of operation for a CHPP which avoided all irreversibilities. It consisted of four processes,
two isothermal and two adiabatic. The process take place between a heat source at temperature Tr and a heat sink at temperature T

The system is a mass of gas behind a piston. The cycle on a p-v diagram is shown below:

'y \“-..D

“

In state A the gas is temperature Th and the cylinder is fully insulated




Adiabatic expansion (A to B)

The gas expands adiabatically and very slowly, i.e., quasi-statically (and therefore reversibly). As the gas expands its U decreases
(dU=0-W) and its temperature drops until it reaches Te

I:'JEIC

——
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Isothermal Compression (B to C)

When the gas reaches temperatures T the heat reservoir at temperature T is brought into contact with the cylinder end. The gas is
then compressed quasi statically from state B to C and at constant temperature with heat transfer from the gas to the reservoir through
a negilible temperature difference. Thus process B to C is also reversible




. WCD

Adiabatic Compression (C to D)

At C the heat reservoir at temperature T is removed and the insulation put back. Then slow compression from C to D. At D the
temperature reaches Th. Again process is reversible

T IZJI:).-'J‘-. "
: Woa

Isothermal expansion (D to A)

At D the heat reservoir at temperature Ty, is brought into contact with the cylinder and as a result slow isothermal expansion occurs
from state D to A, there by completing the cycle.

It is Enssible to show that the efﬂciencx of this reversible CHPP deeends Dnlx an temeerature_




Thermodynamic temperature scale

Theorem
All reversible cyclic engines operating between the same two temperature level have the same (Maximum) efficiency.

Proof:

Assume opposite is true and show before that PMM2 is produced.

Because all reversible engines, whatever their internal processes or materials, operating between the same two thermal reservoirs
have the same efficiency, then there must be some common factor which determines the efficiency. Clearly the only common factor is
the temperature of the two reservoirs. Therefore the efficiency of a reversible heat engine depends upon the temperature of the
thermal reservoirs that it exchanges energy with. (We shall show this more rigorously for a carmnot cycle, with a perfect gas as working
substance.)

We mentioned earlier that the zeorth law of TD provides the basis for temperature measurements, but that a temperature scale must
be defined in terms of particular thermometer and device. Thus a temp scale that is independent of any particular substance is most
desirable. Now the efficiency of a carnot cycle is independent of the working substance and depends only on temperature. This fact
may be used to define the TD temperature scale. Now consider the following diagram:

gy Ty




Shows three heat reservoir and three reversible engines working on Carnot Cycle.




Shows three heat reservoir and three reversible engines working on Carnot Cycle.

T1 is the highest temperature, T3 the lowest and T2 is the intermediate temperature.

Q1 is the same for engines A & C.

The two engines in conjunction (A&B) must have the same efficiency as (c) (they operate between the same temperature levels).
Therefore, 1W2 + 2W3 = 1W3 and Q3 is the same for both sides.

Since efficiency of Carnot cycle is a function of temperature only then:

%: @77 Ty

igh

7=1-

Applying these to the different engines we get:

2]
: QE_ QE ; QE !

But...

s PET) =@ T)xe(D, )




Mow, the LHS is a function of T1 and T3 (and not T2) and therefore the RHS of the equation must also be a function of T1 and T3 (and
not T2) i.e. the function must be

ST
fl:'TJ :'
ST

W':THTJ:' =

p(T T )=2'2
Al

_ @1, 0@, 1)
Thus f(T2) will cancel out of the product
2 ST
L= (0. 5)="2
&, J(T)
Therefore:
Oy STy
¢, JiT;)
In general:
There are several relations that will satisfy this equation, eq:
-} Q—Hz ETH =
- 0
Logarithmic
= Q_H = E‘E

Q; T

Linear and so on...

Lord Kelvin proposed the Linear relationship ie.
Lr_Zx

_

0. T
F "% (1)This relationship defines the Thermodynamic (or Absolute) temperature scale.




With temperature so defined, the efficiency of a carnot cycle may be expressed as
1_%= 1 T

73
Cu # (o)

Hp=

Mote:

(i) It is impossible to attain negative temperatures on the absolute scale. If TL is negative > 1 i.e. a PMM2 which is impossible.
(ii) It is impossible (in the absence of a perfect insulator) for a finite system to attain zero temperature on the absolute scale. If TL =0
then =1 i.e_ Violates the second law. But we can get very close fo T=0.

Units
Equation {1} only defines a ratio of absolute temperature but does not give information about the scale. In this case we need to define

only one temperature point. since there is zero temperature.

Mark triple point of water 273.16K
Then temperature of melting ice is 273.16K and that of boiling water at 1 atm 373.15K, thus preserving the 100 units between ice and

boiling point so that it corresponds in units to temperature difference in celcius scale.

T(OC)+ 27315 =T(K)

Example - maximum Efficiency

We said the maximum achievable efficiency of heat engine is that of the Carnot (or reversible) heat engine.

e,

The maximum efficiency obtainted if we make Te as low as possible and Ty as high as possible.
Tc is practically limited by the temperature of the sea or ocean which is nearby the power plant ie 10-20°C or 283-303K. The upper

limit is set by the metallurgical properties and at present it is limited to about 600°C for alloyed steel. So the maximum achievable

efficiency of an engine is
_ B73-Z88

= =067
e

T S —— P

A T



Now if we reduce Ty o the boiling point of liquid Helium ie.e 40K we get:

9774
_ 578 g sy
2T T “

Gas power cycles

. Deal with systems that produce power in which the working fluid remains a gas throughout the cycle ( in other words, there is no
change in phase).

Spark Ignition (gasoline) engines, Compression ignition (diesel) engines and conventional gas turbine engines (generally refer {o as

Internal Combustion engines or IC Engines) are some examples of engines that operate on gas cycles.

Spark Ignition (gasoline) engines, Compression ignition (diesel) engines and conventional gas turbine engines (generally refer|to
as Internal Combustion engines or IC Engines) are some examples of engines that operate on gas cycles.




Air standard cycles

Internal combustion engines: Combustion of fuel is non-cyclic process.
Working fluid, air-fuel mixture undergoes permanent chemical change
due to combustion Products are thrown out of the engine & Fresh
charge is taken in.

Hence, the working fluid doesn't undergo a thermodynamic cycle.In
order to analyze this complex gas power cycles, air standard cycles are
conceived.

In air standard cycle a certain mass of air operates in a complete
thermodynamic cycle where the heat 1s added and rejected using external
reservoirs, and all the processes in the cycle are reversible.




Summary of assumptions made during such analysis:The working
fluid, air behaves like an ideal gas (and specific heats are assumed
to be constant)

Combustion process is replaced by heat addition and exhaust
process by heat rejection

All the processes are reversible.

Internal combustion engines

There are two types of reciprocating engines:

Spark Ignition- Otto cycle

Compression Ignition-Diesel cycle




IC Engines overview

Air and fuel mixture flows through inlet valve and exhaust leaves through exhaust valve

Converts reciprocating motion to rotary motion using piston and crank shaft

TDC; Top Dead Center: Position of the piston where it forms the smallest volume

BDC; Bottom Dead Center: Position of the piston where it forms the largest volume

Stroke: Distance between TDC and BDC

Bore: Diameter of the piston (internal diameter of the cylinder)

Clearance volume: minimum volume formed

Compression ratio: ratio of maximum volume to minimum volume IVBDC/T"TDC

Engine displacement = (# of cylinders) x (stroke length) x (bore area) (usually given in cc or liters)
MEP: mean effective pressure: A const. theoretical pressure that if acts on piston produces work same
as that during an actual cycle

Wnet = MEP x Piston area x Stroke

= MEP x displacement volume

4 Stoke engine




FUEL

I Intake Ignition Exhaust
R valve valve
opens e

= 44
| REHS BRP ,'|'\
;J— Fuel/Air
Mixture Combustion
Products ﬁ
Intake Compression Power Exhaust
Stroke Stroke Stroke Stroke

Cycle consists of four distinct strokes (processes):
Intake

Compression stroke

Power stroke

Exhaust










