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BASIC CONCEPTS

THEORY

1.1

1.2

1.3

WHAT IS THERMODYNAMICS

Thermodynamics is the science of energy transfer and its effect on the physical properties of substances.
It is based upon observation of common experience which have been formulated into thermodynamics
laws. These law govern the principle found in all fields of energy technology, notable in steam and nuclear
power plants, Internal combustion engine, gas turbines, air conditioning, refrigeration, gas dynamics, jet
propulsion, compressor, chemical process plants and direct energy conversion devices.

ETYMOLOGY

The etymology of thermodynamics has an intricate history. It was first spelled in hyphenated form as an
adjective (Thermo-dynamic) and from 1854 to 1868 as the noun Thermodynamics to represent, “The
science of heat engines”.

American bio physicist Donald Haynie Claims that thermodynamics was coined in 1840 from the “Greek™
root therme meaning ‘heat” and ‘dynamics’ meaning power. However the etymology has been cited as
unlikely

Pierre Parrot claims that the term thermodynamics was coined by James Joule in 1858 to designate. The
science of relation between heat and power.

By 1858, thermodynamics, as functional term was used in William Thomson's paper ““An Account of
Carnot's Theory of Motive Power of Heat™.

THERMODYNAMIC SYSTEM AND SURROUNDINGS

An important concept in thermodynamics is the thermodynamic system, a precisely defined region of the
universe under study. Everything in the universe, except the system is known as the surrounding.

A system is separated from the remainder of the universe by a boundary which may be notional or not
but which by convention delimits a finite volume. Exchanges of work, heat or matter between the system
and the surrounding take place across this boundary.

Boundary

Surrounding

System + Surrounding combined called universe
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The boundary is simply a surface around the volume of interest. Any thing that passes across the
boundary that effects a change in the internal energy need to be accounted for in the energy balance
equation.

The volume can be the region surrounding a single atoms resonating energy. It can be the body of tropical
cyclone. It could also be just one nuclide (i.e., system of quarks) as hypothesized in quantum
thermodynamics.

TYPE OF BOUNDARIES

Real Boundaries Imaginary Boundaries

} }

Fixed Boundaries Moveable Boundaries

(Example : Rigid Container) (Example : Balloon, Tyre, Piston Cylinder Engine)

Note: Adiabatic wall : It is a kind of wall made of insulator which will not allow heat transfer between
system and surrounding.

Metalic Wall or Diathermic Wall : It is a kind of wall made of conductor which will allow hea|
transfer between system and surrounding.

1.4 TYPES OF THERMODYNAMIC SYSTEM
There are three types of Thermodynamic system
1.4.1 CLOSED SYSTEM

Energy in the form of heat and work can cross the boundary of the system, but there is no mass flow
across the boundary. Boundary in closed system is control mass boundary.
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Example: Piston cylinder arrangment without valve (heat and work cross the boundary but not mass)

Boundary

1.4.2 OPEN SYSTEM

Both matter and energy can cross the boundary. Boundary use in these type of system is control volume
boundary example flow of fluid in pipe
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Surrounding ~ Boundary
Heat, flow work and mass all can enter and leave the control volume
Example: Turbine, Pump, compressor, earth and it's atmosphere etc.
Piston cylinder arrangement without valve.
1.4.3 ISOLATED SYSTEM

A system that exchanges neither energy nor matter with its surrounding. In isolated system boundary of
the system is adiabatic and control mass boundary

Example: Thermoflask, Universe

(Note:Most of the thermodynamic system is taken as control volume or open system. ]

Universe = System + Surrounding

E#0

m#0

Surrounding

Boundary

t Universe

Hence universe is an e.g. of isolated system because no transfer of energy and matter takes place

1.5 THERMODYNAMICS PROPERTIES

Any measurable characteristics of the system is called the system Properties, properties of system define
the position of system in space.

»  All properties are point function

»  Any variable whose change is fixed by the end states is a property (or we can say it an exact
differential dependents on limit only)

1.5.1 INTENSIVE PROPERTIES

It is the properties of the system which is independent of the mass or size of the system; pressure,
temperature, specific enthalpy, specific entropy, density and velocity are examples since they are the
same for the entire system or for parts of the system. If we bring two system together, intensive
properties are not summed.

1.5.2 EXTENSIVE PROPERTIES

It is the properties of the system which depends on the mass of the system; volume, momentum and
kinetic energy are example, if two system are brought together the extensive property of the new system
is the sum of the extensive properties of the two system.






