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History 

Thermodynamics is the science of energy, which is the ability to cause changes. In engineering, it applies to the design 
and analysis of energy conversion systems. Classical thermodynamics does not require a knowledge of the behaviour of 
individual particles in a substance, while statistical thermodynamics is a microscopic approach. 

Pressure 

Pressure is defined as a normal force exerted by a fluid per unit area, its units being the Pascal (Pa) (N/m2). Absolute 
pressure, which is the actual pressure at a given position, is measured relative to absolute zero pressure (or ‘absolute 
vacuum’). Gauge pressure, the difference between the absolute pressure and the local atmospheric pressure, and 
vacuum pressure, which is pressure below atmospheric pressure, are measured relative to atmospheric pressure. 
Atmospheric pressure is measured by a barometer. We assume we are working with absolute pressure unless the 
problem explicitly states gauge pressure is used.  

 

Pressure 

Where +Pgage is used when Pabs > Patm and –Pgage is used for a vacuum gauge. 

Temperature 

In SI units, the temperature scale used is the Celsius scale based between 0 and 100 (the freezing and boiling points of 
water). The absolute thermodynamic scale in the SI system is the Kelvin scale (K). The lowest temperature on the 
Kelvin scale is absolute zero, or 0K. The thermodynamic scale in the English system is the Rankine scale, the 
temperature unit being the rankine (R).  

Temperature conversions 

Pascal’s Law 

Blaise Pascal (1623–1662) knew that the force applied by a fluid is proportional to the surface area involved. He 
realised that two hydraulic cylinders of different areas could be connected, and the larger one could be used to exert a 
proportionally greater force than that applied to the smaller one (Pascal’s Machine). Pascal’s Law states that the 
pressure applied to a confined fluid increases the pressure throughout by the same amount. The area ratio A2 / A1 is called the 
ideal mechanical advantage of the hydraulic lift. 

Pascal’s Law 
 

Pascal’s Machine 

!2

P =
F

A

Pgage = Pabs � Patm

Pvac = Patm � Pabs

Pabs = Patm ± Pgage

P1 = P2 , F1

A1
=

F2

A2
) F2

F1
=

A2

A1

T (K) = T (�C) + 273.15
T (R) = T (�F ) + 459.67

T (R) = 1.8T (K)
T (�F ) = 1.8T (�C) + 32
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F1 = P1A1 F2 = P2A2

A1, P1 A2, P2



Thermodynamic Systems 

A system is defined as a quantity of matter or a region in space chosen for study. The mass or region outside the system 
is called the surroundings, and the real or imaginary surface that separates a system from its surroundings is called the 
boundary. Boundaries may be fixed or movable and a system may be comprised of a number of each type. 
Identification of the system being closed or open is integral, because different relations apply to each type of system. 

A closed system (or control mass and assumed if not otherwise specified) consists of a fixed amount of mass and has no 
mass flow across its boundary. Energy, in the form of heat or work, can cross the boundary. The volume of a closed 
system does not have to be fixed. In special cases, when even energy is not allowed to cross the boundary, the system is 
called an isolated system. Examples of closed systems are closed tanks or piston cylinders. 

An open system (or control volume) encloses a device which has mass flow across its boundary, for example a turbine, 
nozzle or compressor. Both mass and energy (heat or work) can cross the system boundary, which is called a control 
surface and can be real or imaginary. In general, any arbitrary region in space can be selected as a control volume. 

The Continuum Assumption Applied to Systems 

Matter is made up of atoms that are widely spaced in the gas phase. However, it is convenient to disregard the atomic 
nature of a substance and view it as a continuous, homogeneous matter with no holes. This can be done despite large 
gaps between molecules, because of the large number of molecules even in an extremely small volume. The continuum 
idealisation allows us to treat properties as point functions and to assume the properties vary continually in space with 
no jump discontinuities, and is valid as long as the system size is large relative to molecular gaps. 

Density and Specific Gravity 

Density 

Specific Volume 𝓋 

There is a balance between density being mass per unit volume (kg /m3), and specific volume being volume per unit 
mass (m3/kg). Specific gravity is the ratio of the density of a substance to the density of some standard substance at a 
specified temperature (usually water at 4°C). Specific weight (N/m3) is the weight of a unit volume of a substance. 

Specific Gravity 
 
 
 
Specific Weight 

Properties of Systems 

Any characteristic of a system is called a property. An intensive property is independent of the size of the system, such 
as temperature, pressure and density, and is often denoted by lowercase lettering (except for P and T). An extensive 
property is dependent on the size of the system, such as mass, volume and energy, and is denoted by uppercase lettering 
(except for m).  

To determine a property type in a system, divide the system into two equal parts with an imaginary partition. Each 
part will have the same value for each intensive property as the original system, but half the value of each extensive 
property. Extensive properties per unit mass are called specific properties and become intensive, such as mass, specific 
volume, specific internal energy (u = U/m) (kJ/kg) and specific energy (e = E/m) (kJ/kg). 

!3

⇢ =
m

V

v =
V

m
=

1

⇢

SG =
⇢

⇢H20

�s = ⇢g

� = SG�H20

P = ⇢gh



Units 

Fundamental dimensions are length, mass, time and temperature, while others are expressed in terms of the primary 
dimensions and are called secondary or derived dimensions. The metric SI system is a logical system based on the 
decimal relationship between the various units. The English system has no apparent systematic numerical base, and 
various units in this system are related to each other rather arbitrarily. 

SI Unit Prefixes 

Equilibrium 

A system is in thermodynamic equilibrium if it is in thermal equilibrium (the temperature is the same throughout 
the entire system), mechanical equilibrium (no change in pressure at any point of the system with time, however it 
may vary within the system with elevation due to gravitational effects, but it is often negligible), phase equilibrium 
(when the mass of each of two phases reaches an equilibrium level and stays there) and chemical equilibrium 
(chemical composition does not change with time, that is, no chemical reactions occur). When a system is in an 
equilibrium state, the properties of the system do not change and are constant over the entire system. The system 
should experience no changes when it is isolated from its surroundings. 

Temperature and the Zeroth Law of Thermodynamics 

When a body is brought into contact with another body that is at a different temperature, heat is transferred from the 
body at higher temperature to the one at lower temperature until both bodies attain the same temperature. At that 
point, the heat transfer stops, and the two bodies are said to have reached thermal equilibrium.  

The Zeroth law of thermodynamics states that if two bodies are in thermal equilibrium with a third body, they are also 
in thermal equilibrium with each other. This validates temperature measurements in that if two bodies have the same 
temperature, they are in thermal equilibrium. By replacing the third body with a thermometer, the Zeroth law can be 
restated as: two bodies are in thermal equilibrium if both have the same temperature reading, even if not in contact. 

Ex. Iron 150°C and Copper 20°C → Iron 60°C and Copper 60°C 

Equations of State 

An equation of state is any equation that relates the pressure, temperature and specific volume of a substance. In the Ideal 
Gas Equation, we assume: the ideal gas is composed of a large amount of small molecules, that the gas molecules are 
elastic, that the size and total volume of the molecules is small relative to the volume, and that thermal motions of the 
gas are random. Real gases can be approximated by an ideal gas at low densities, low pressures and high temperatures. 

Ideal Gas Equation 
(Moles) 

 

Ideal Gas Equation 
(Mass) 
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PV = nRuT

P = Pressure (Pa)
V = Volume (m3)
n = Number of moles (mol)
Ru = Universal gas constant (8.314 (J/K ·mol))
T = Temperature (K)

PV = mRT

P = Pressure (kPa)
V = Volume (m3)
m = Mass of gas (kg)
R = Gas constant (kJ/K · kg)
T = Temperature (K)

yotta Y 1024 giga G 109 deci d 10–1 pico p 10–12

zetta Z 1021 mega M 106 centi c 10–2 femto f 10–15

exa E 1018 kilo k 103 milli m 10–3 atto a 10–18

peta P 1015 hecto h 102 micro μ 10–6 zepto z 10–21

tera T 1012 deka da 101 nano n 10–9 yocto y 10–24



Derivation 

The Ideal Gas Equation in moles terms is PV = nRuT. From the general equation m = nMW where MW stands for the 
molecular weight of gas in units g/mol or kg/kmol, we can rearrange the figures into n = m/MW. Therefore, PV = m/
MW x RuT. Then, from the general equation R = Ru/MW in units kJ/kg or kPa x m3/kg x K, we can rearrange the 
figures to yield Ru = R x MW. Therefore, PV = m/MW x R x MW x T. Cancelling the molecular weight MW resolves 
PV = mRT, which is the Ideal Gas Equation in mass terms.  
To divide from m3/kmol to m3/kg, divide the kmol value by the molar mass. 
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State Postulate 

The state of a system is described by its properties. The state postulate is the number of properties required to fix the 
state of a system (that is, other properties assume certain values automatically). The state of a simple compressible 
system (a system that involves no electrical, magnetic, gravitational, motion or surface tension effects) is completely 
specified by two independent (if one property can be varied while the other one is held constant), intensive properties. 

Pure Substances 

A pure substance has a fixed chemical composition throughout. Water, nitrogen and helium, for example, are all pure 
substances. A pure substance does not have to be of a single chemical element or compound and a mixture of two or 
more phases of a pure substance is still a pure substance as long as the composition of all phases is the same. A mixture 
qualifies as long as it is homogeneous, such as air (a mixture of several gases). However, a mixture of oil and water, or 
liquid air and gaseous air, for instance, are not pure substances because they have two chemically dissimilar regions. 

Phases of a Pure Substance 

The principal phases of a substance are the solid, liquid and gas phases. From solid to liquid to gas, energy increases 
and order decreases. A substance may even have several phases within a principal phase, each with a different molecular 
structure. The molecules in a solid are arranged in three dimensions (a lattice) throughout. Because of the small 
distances between molecules, the attractive forces of each on each other are larger and keep them at fixed positions. In 
the liquid phase, groups of molecules move about each other, and in the gas phase, molecules move about at random. 

Phase Change Processes of Pure Substances 

Pure substances can exist in different states. A compressed liquid(1) or subcooled liquid is a liquid that is not about to 
vaporise, for example, water at 20°C and 1 atm. pressure. Here, there is no danger of boiling. A saturated liquid(2) is a 
liquid that is about to vaporise. In continuance, this would be water at 100°C (boiling point) and 1 atm. pressure. A 
saturated liquid-vapour(3) mixture is the state at which the liquid and vapour phases coexist in equilibrium (equal 
amounts of liquid and vapour). As more heat is transferred, the saturated liquid vaporises. A saturated vapour(4) is a 
vapour that is about to condense (become liquid). Yet, no condensation will take place as long as the temperature 
remains above 100°C (for P = 1 atm.). A superheated vapour(5) is a vapour that is not about to condense. If the water 
is cooled while maintaining the same pressure, the water will go back to State (1), retracing the same path, and in so 
doing, the amount of heat released will exactly match the amount of heat added during the heating process. 

Saturation Temperature and Saturation Pressure 

The temperature at which water starts boiling depends on the pressure; therefore, if the pressure is fixed, so is the 
boiling temperature (water boils at 100°C at 1 atm. pressure). Saturation temperature Tsat is the temperature at which 
a pure substance changes phase at a given pressure. Saturation pressure Psat is the pressure at which a pure substance 
changes phase at a given temperature. 

Latent heat is the amount of energy absorbed or released during a phase-change process. Latent heat of fusion is the 
amount of energy absorbed during melting, which is the equivalent to the amount of energy released during freezing. 
Latent heat of vaporisation is the amount of energy absorbed during vaporisation, which is equivalent to the energy 
released during condensation. Its magnitude depends on the temperature or pressure at which the phase change occurs. 
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The liquid-vapour saturation curve of a pure substance is a plot of Tsat 
(°C) on the x-axis and Psat (kPa) on the y-axis. The curve increases 
exponentially, and while numerical values for water are often modelled as 
an example, the shape  of the curve applies to all pure substances. 

Phase diagrams represent the phase change processes of pure substances. 
The critical point in such diagrams is defined as the point at which the 
saturated liquid and saturated vapour states are identical. The 
temperature, pressure and specific volume of a substance at the critical 
point are called, respectively, the critical temperature Tcr, critical 
pressure Pcr, and critical specific volume 𝓋cr.  
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T-𝓋 and P-𝓋 Phase Diagrams 

 
P-T Phase Diagram 
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The Liquid-Vapour Saturation 
Curve of a Pure Substance  
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P-𝓋-T Surfaces 

Enthalpy and Entropy 

Entropy (S, s) is a property associated with the second law of thermodynamics. Total enthalpy (H) (kJ) and specific 
enthalpy (h) (kJ/kg) involve the combination of properties u + P𝓋 and describe the total heat content of a system. 
 

Enthalpy 

Saturated Liquid-Vapour Mixture 

During a vaporisation process, a substance exists as part liquid and part vapour (a mixture of saturated liquid and 
saturated vapour). To analyse the mixture, we must know the proportions of the liquid and vapour phases in it, which 
is done by defining the property of quality (x) as the ratio of the mass of vapour to the total mass of the mixture. 
 

 
Quality 

Quality has significance for saturated mixtures only and its value is between 0 and 1. The quality of a system consisting 
of saturated liquid is 0 and the quality of a system consisting of saturated vapour is 1 (or 100%). In saturated mixtures, 
quality can serve as one of the two independent intensive properties needed to describe a state. The properties of the 
saturated liquid are the same whether it exists alone or in a mixture with saturated vapour. Only the amount of 
saturated liquid (or saturated vapour) changes during the vaporisation process, not its properties. 

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 

Consider a tank that contains a saturated liquid-vapour mixture. The volume occupied by saturated liquid is Vf , and the volume 
occupied by saturated vapour is Vg. The total volume V is the sum of the two: Vf  + Vg.  
 
Volume sum 
 

Divide by mt , and since x = mg /mt : 

Also expressed where 𝓋fg = 𝓋g – 𝓋f : 
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h = u+ Pv

H = U + PV

x =
mvapour

mtotal

mtotal = mliquid +mvapour = mf +mg

V = mv ! mtvavg = mfvf +mgvg

mf = mt �mg ! mtvavg = (mt �mg)vf +mgvg

vavg = (1� x)vf + xvg

vavg = vf + xvfg (m3/kg)


