THERMODYNAMICS
BASIC CONCEPTS

I. DEFINITION
Thermodynamics can be defined as the science of energy. Although everybody has a feeling of what energy is, it can be tricky to give a precise definition for it. Energy can be viewed as the ability to cause changes.

The name thermodynamics comes from the Greek words therme (heat) and dynamis (power), which is most descriptive of the early efforts to convert heat into power (the rate at which work is performed or energy is converted). Today the name thermodynamics is broadly interpreted to include all aspects of energy and energy transformations, including power generation, refrigeration, and relationships among the properties of matter.

II. CONSERVATION OF ENERGY PRINCIPLE
One of the most fundamental laws of nature is the conservation of energy principle. It simply states that during an interaction, energy can change from one form to another but the total amount of energy remains constant. That is, energy cannot be created or destroyed.

This principle, among many examples, forms the backbone of the diet industry:
A person who has a greater energy input (food) than energy output (exercise) will gain weight (store energy in the form of fat), and a person who has a smaller energy input than output will lose weight. 
The change in the energy content of a body or any other system is equal to the difference between the energy input and the energy output, and the energy balance is expressed as:



where:     


III. SYSTEMS AND CONTROL MASS + VOLUME
 (
S
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)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. The real or imaginary surface that separates the system from its surroundings is called the boundary. These terms are illustrated in the following figure:



 (
SYSTEM
)


 (
BOUNDARY
)
(The boundary of a system can be fixed or movable)
Systems may be considered to be closed or open, depending on whether a fixed mass or a fixed volume in space is chosen for study.
A closed system (also known as control mass) consists of a fixed amount of mass, and no mass can cross its boundary. That is, no mass can enter or leave a closed system. But energy, in the form of heat or work, can cross the boundary; and the volume of a closed system does not have to be fixed.
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Mass cannot cross the boundary of a closed system, but energy can!







Let's consider the following piston-cylinder device where we would like to find out what happens to the enclosed gas when it is heated:
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Since we are focusing our attention on the gas, it is our system and since no mass is crossing the boundary, it is a closed system.

An open system, or a control volume, as it is often called, is a properly selected region in space. It usually encloses a device that involves mass flow such as a compressor, turbine, or nozzle. Flow through these devices is best studied by selecting the region within the device as the control volume. Both mass and energy can cross the boundary of a control volume.
A large number of engineering problems involve mass flow in and out of a system and, therefore, are modelled as control volumes (examples: water heater, car radiator, etc.).
The boundaries of a control volume are called a control surface, and they can be real or imaginary. Most control volumes have fixed boundaries and thus do not involve any moving boundaries.
A control volume can also involve heat and work interactions just as a closed system, in addition to mass interaction.

Example of open systems (i.e. control volumes):
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IV. PROPERTIES OF A SYSTEM
Any characteristic of a system is called a property. Some familiar properties are:
· Pressure P   (in N/m2  Pa)
· Temperature T  (in °C or K)
· Volume V  (in m3)
· Mass m  (in kg)
The list can be extended to include less familiar ones such as:
· Density   (in kg/m3)
· Thermal conductivity k  (in W/m.°C)
· Modulus of elasticity E  (in N/m2 or Pa)
· Electric resistivity   (in .m)
· Velocity  (in m/s2)

Properties are considered to be either intensive or extensive.
Intensive properties are those that are independent of the mass of a system, such as temperature, pressure, and density.
Extensive properties are those whose values depend on the size −or extent− of the system. Total mass and total volume are some examples of extensive properties.

An easy way to determine whether a property is intensive or extensive is to divide the system into two equal parts with an imaginary partition, as shown in the following figure. Each part will have the same value of intensive properties as the original system, but half the value of extensive properties.
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Extensive properties per unit mass are called specific properties. Some examples of specific properties are:
· Specific volume v:	v = V / m
· Specific total energy e:	e = E / m   



V. 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 body at lower temperature until both bodies attain the same temperature. 
At that point, the heat transfer stop, and the two bodies are said to have reached thermal equilibrium. The equality of temperature is the only requirement for thermal equilibrium.

 (
Iron
60°C
Copper
60°C
) (
Iron
150°C
Copper
20°C
)

 (
2 bodies reaching thermal equilibrium after being brought into contact in an insulated enclosure.
)
 (
Q
)



 (
thermal
equilibrium
)



Q: transfer of energy in the form of heat. In W/m2 (time dependant) or J/m2 (steady state)
as 1 W = 1 J/s.



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 obvious fact cannot be concluded from the other laws of thermodynamics, and it serves as a basis for the validity of temperature measurement. By replacing the third body by a thermometer, the zeroth law can be restated as:
Two bodies are in thermal equilibrium if both have the same temperature reading even if they are not in contact.
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Note:
The zeroth law was first formulated and labelled by R.H. Fowler in 1931 (Sir Ralph Howard Fowler [1889-1944] was a British physicist and astronomer). As the name suggests, its value as a fundamental principle was recognised more than half a century after the formulation of the first and second laws of thermodynamics. It was named the zeroth law since it should have preceded the first and second laws of thermodynamics.
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