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Previous lecture summary
• Scope of mechanical engineering 

• Source of energy 

• Basic definition: system, boundary condition, and surrounding 

• Properties of boundary 

• Different systems: closed, open, adiabatic, and isolated
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Thermodynamic Property
• Any characteristic of a system is called a property. 

• A property is a quantity whose numerical value depends on the state but not on the history of the system. 
Example: Pressure (P), Temperature (T), Volume (V), Mass (m), Density (ρ), Specific gravity 

• Density (ρ): mass per unit volume.  

• Specific gravity (SG): density of a substance is given relative to the density of a well-known substance. 

• Specific weight: weight of unit volume of a substance. 
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Property: classification
• Intensive properties: Do not depend on the size of the system (independent of system mass). Examples include 

P and T. 

• Extensive Properties: Do depend on the size or extent of the system. Examples include m, V and U.
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Property: classification, cont’d
• Specific properties: extensive properties per unit mass. 
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State and Equilibrium
• State: The condition of a system at any instance of time is determined by its intensive 

properties. Specifying a certain number of properties is sufficient to fix a state. If the 
value of even one property changes, the state will change to a different one. 

• Equilibrium: The word equilibrium implies a state of balance. 

• The thermodynamic properties are defined at equilibrium states. 

• In an equilibrium state there are no unbalanced potentials (or driving forces) within 
the system 

• Quasi-equilibrium: A process during which the system only deviates from 
equilibrium by an infinitesimal amount. A quasi-equilibrium process can be viewed 
as a sufficiently slow process that allows the system to adjust itself internally so that 
properties in one part of the system do not change any faster than those at other parts.
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Condition for thermodynamic equilibrium
• A system in thermodynamic equilibrium satisfies the following stringent requirements: 

• Mechanical Equilibrium: no unbalance forces acting on any part of the system or the system as a 
whole. 

• Thermal Equilibrium: no temperature differences between parts of the system or between the system 
and the surrounding. 

• Chemical Equilibrium: no chemical reactions within the system and no motion of any chemical 
species from one part to another part of the system.
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Thermodynamic process
• A thermodynamic process is the succession of thermodynamic states that a system passes through as it goes 

from an initial state to a final state 

• Some Common Process: 

• Isothermal : constant Temperature. 

• Isentropic: constant Entropy. 

• Isoenthalpic: constant Enthalpy. 

• Isobaric: constant Pressure. 

• Isochoric: constant Volume. 
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Thermodynamic cycle
• A cycle is a very special type of process in which the initial and final states are the same
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Zeroth Law of thermodynamics
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Pure substance and its phase
• A pure substance is one that has a homogeneous and invariable chemical composition. 

• It may exist in more than one phase, but the chemical composition is the same in all phases. 

• Three principal phases—solid, liquid, and gas.
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Phase change: pure substance (water)
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Saturated T and P
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Physical meaning of some terminology
• Saturation temperature designates the temperature at which vaporization takes place at a given pressure. This 

pressure is called the saturation pressure for the given temperature. 

• If a substance exists as liquid at the saturation temperature and pressure, it is called a saturated liquid. If the 
temperature of the liquid is lower than the saturation temperature for the existing pressure, it is called either a 
sub-cooled liquid [implying T < Tsat (at a given P)] or a compressed liquid. 

• When a substance exists as part liquid and part vapour at the saturation temperature, its quality, x is defined as 
the ratio of the mass of vapour to the total mass. 

• If a substance exists as vapour at the saturation temperature, it is called saturated vapour. When the vapour is 
at a temperature greater than the saturation temperature, it is said to exist as superheated vapour.
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T-V diagram
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P-V diagram
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Enthalpy: a combinational property
• In the analysis of certain types of processes, particularly in power generation and refrigeration, we frequently 

encounter the combination of properties u (internal energy) and PV (pressure x volume). 

• For the sake of simplicity and convenience, this combination is defined as a new property, ENTHALPY, and 
given the symbol H or h:  

H = U + PV (kJ) 

h= u + PV (kJ/kg)
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Saturated liquid and saturated vapor states
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Saturated liquid-vapor mixture
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Obtaining Data from a T_sat Table
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Obtaining Data from a P_sat Table
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R-134a property table
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Obtaining Data From a Superheated vapor Table
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Reading material
• Cengel: Chapter 2 and 3
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