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Basic Concept of Thermodynamics 

 Definition of thermodynamics: science of energy 

 What is energy? 

 Fundamental laws of nature 

- Conservation of energy ( the 1st law of thermodynamics)

: Energy can be changed from one form to another 

but the total amount of energy remains constant.  

- The 2nd law of thermodynamics 

: Energy has quality as well as quantity 

 actual processes occur in the direction of decreasing quality of 

energy 

 the ability to cause changes 



Energy vs Power  

 Unit of energy: Joule (J)  

1 J= 1 Nm = 1 kgm2/s2

 Unit of power (time rate of energy): watt (W)  

1 W = 1 J/s, 1hp = ~750 W 

 Dimensional homogeneity 

e.g., Mechanical energy: E =1/2 mv2 + mgh [J]



Power  

Source: wikipedia

Gasoline : 34 MJ/Liter 

 3.8L: ~130 MJ

http://en.wikipedia.org/wiki/Gasoline


Pressure

5

Source: facebook

Pressure:

A normal force per unit area



Forms of Energy 

Total energy 

of a system

Energy of a system 

per unit mass

Potential energy per unit mass

Kinetic energy per unit mass

Potential energy

Total energy 

per unit mass

Kinetic energy



System 

 System: A quantity of matter or a region in space chosen for study.

 Surroundings: The mass or region outside the system

 Boundary: The real or imaginary surface that separates the system from 
its surroundings.

 The boundary of a system can be fixed or movable.

 Systems may be considered to be closed or open.

 Closed system (Control mass): A fixed amount of mass, and no mass 
can cross its boundary



Process & Cycle 

 The prefix iso- is often used to 
designate a process for which a 
particular property remains constant. 

 Isothermal process: A process during 
which the temperature T remains 
constant.

 Isobaric process: A process during 
which the pressure P remains constant.

 Isochoric (or isometric) process: A 
process during which the specific 
volume v remains constant.

 Cycle: A process during which the 
initial and final states are identical.



Steady vs Equilibrium State

 Equilibrium: A state of balance. 

In an equilibrium state there is no driving forces within the   

system  no change when isolated from its surrounding 

 Steady state: A system in a steady state has numerous 
properties that are unchanging in time. This implies that for 
any property p of the system, the partial derivative with 
respect to time is zero:



Heat vs Work

 Both are recognized at the boundaries of 

a system as they cross the boundaries. 

That is, both heat and work are boundary

phenomena.

 Systems possess energy, but not heat or 

work.

 Both are associated with a process, not a 

state. 

 Unlike properties, heat or work has no 

meaning at a state.

 Both are path functions (i.e., their 

magnitudes depend on the path followed 

during a process as well as the end 

states).

Properties are point functions 

have exact differentials (d ). Path functions 

have inexact 

differentials ( )



Heat / Work Transfer

Well-insulated 

electric oven

Electric heater



The 1st Law of Thermodynamics

 The first law of thermodynamics (the conservation of energy principle)

provides a sound basis for studying the relationships among the various forms 

of energy and energy interactions. 

 The first law states that energy can be neither created nor destroyed during 

a process; it can only change forms.

 The change in the total energy during an adiabatic process must be equal to the 

net work done.  

Energy cannot 

be created or 

destroyed; it can 

only change 

forms.



The 1st Law of Thermodynamics



Energy Balance

The net change (increase or decrease) in the total energy of the system 
during a process is equal to the difference between the total energy entering 
and the total energy leaving the system during that process.



Mechanism of Energy Transfer

(kJ)



Energy Conversion Efficiency

Efficiency is one of the most frequently used terms in thermodynamics, and it 
indicates how well an energy conversion or transfer process is accomplished.



Overall Efficiency

Generator 

efficiency

Pump-Motor overall 

efficiency

Turbine-Generator overall 

efficiency

Pump efficiency



Physical Insight to Internal Energy

The various forms of 

microscopic 

energies that make 

up sensible energy.

Sensible energy: The 

portion of the internal energy 

of a system associated with 

the kinetic energies of the 

molecules.

Latent energy: The internal 

energy associated with the 

phase of a system.

Thermal = Sensible + Latent



Saturation temperature & Pressure

• Latent heat: The amount of energy absorbed 

or released during a phase-change process. 

• Latent heat of fusion: The amount of energy 

absorbed during melting. It is equivalent to the 

amount of energy released during freezing. 

• Latent heat of vaporization: The amount of 

energy absorbed during vaporization and it is 

equivalent to the energy released during 

condensation.

• The magnitudes of the latent heats depend on 

the temperature or pressure at which the phase 

change occurs.

• At 1 atm pressure, the latent heat of fusion of 

water is 333.7 kJ/kg and the latent heat of 

vaporization is 2256.5 kJ/kg.

• The atmospheric pressure, and thus the boiling 

temperature of water, decreases with elevation.



Liquid-Vapor Phase Change

 One of the most efficient heat removal methods 

(e.g., nuclear reactor cooling)  

Normal operation

(Source:

Wikipedia)



Liquid-Vapor Phase Change

Cooling mode failure 

@ fukushima plant
http://society.ezinemark.com/in-picture-fukushima-nuclear-

explosion-7736a65192ae.html



Saturated vs Superheated Vapor

• Saturated vapor: A vapor that is about to condense.

• Saturated liquid–vapor mixture: The state at which the liquid and 
vapor phases coexist in equilibrium.

• Superheated vapor: A vapor that is not about to condense (i.e., not a 
saturated vapor).

As more heat is transferred, 

part of the saturated liquid 

vaporizes (saturated liquid–

vapor mixture).

At 1 atm pressure, the 

temperature remains 

constant at 100°C until the 

last drop of liquid is vaporized 

(saturated vapor).

As more heat is 

transferred, the 

temperature of the 

vapor starts to rise 

(superheated vapor).



T-v Diagram

The variations of properties during phase-change processes are best studied 
and understood with the help of property diagrams such as the T-v, P-v, and P-T 
diagrams for pure substances.

T-v diagram of 

constant-pressure 

phase-change 

processes of a pure 

substance at various 

pressures 

(numerical values 

are for water).



Saturated Liquid/Vapor Line

 saturated liquid line

 saturated vapor line

 compressed liquid region

 superheated vapor region

 saturated liquid–vapor 

mixture region (wet region)

At supercritical 

pressures (P > Pcr), 

there is no distinct 

phase-change 

(boiling) process.

Critical point: The point at 

which the saturated liquid 

and saturated vapor states 

are identical.



P-v Diagram
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Saturated Liquid–Vapor Mixture


