THE FIRST LAW OF THERMODYNAMICS
CLOSED SYSTEMS




I. [bookmark: _GoBack]FORMS OF ENERGY CORE TO THE SYSTEM
In thermodynamics analysis, it is often helpful to consider the various forms of energy that make up the total energy of a system in two groups:
· Macroscopic,
· Microscopic.

The macroscopic forms of energy are those a system possesses as a whole with respect to some outside reference frame, such as kinetic and potential energies.

The microscopic forms of energy are those related to the molecular structure of a system and the degree of the molecular activity, and they are independent of outside reference frames. The sum of all microscopic forms of energy is called the internal energy of a system and is denoted by U.
  
The macroscopic energy of a system is related to motion and the influence of the external effect that is gravity.
· The energy that a system possesses as a result of its motion is called kinetic energy (KE):

or, on a unit mass basis:

where v denotes the velocity of the system relative to some fixed reference frame.

· The energy that a system possesses as a result of its elevation in a gravitational field is called potential energy (PE) and is expressed as:

or, on a unit mass basis:

where g is the gravitational acceleration and z is the elevation of the centre of gravity of a system relative to some arbitrarily selected reference level.









II. FORMS OF ENERGY INTERACTION BETWEEN THE SYSTEM AND ITS SURROUNDING
1. WORK
If a system exists in which a force at the boundary of the system is moved through a distance, the work is done by or on the system. Work is a transient quantity being descriptive of the process by which a force is moved through a distance. Work is not a property of the system but an energy interaction between the system and its surrounding.
Work is given the symbol W. If it is required to indicate a rate at which work is being done then a dot is placed over the symbol W. Thus:


Work done by the system is considered: POSITIVE.
Work done on the system is considered: NEGATIVE.


2. HEAT
When it exists a temperature difference between one body and another, energy is transfer in the form of heat. The heat, having been transferred, will then disperse into other forms of energy such as internal energy or work, depending on the system under consideration. As work, heat is it is not a property of the system but an energy interaction between the system and its surrounding.
Heat energy is given the symbol Q. To indicate a rate of heat transfer, a dot is placed over the symbol Q. Thus:


Heat transfer into the system is considered: POSITIVE.
Heat transfer out of the system is considered: NEGATIVE.


III. FIRST LAW FOR CLOSED SYSTEMS
In a closed system, the sum of all energies possessed by the system is called the total energy E and is expressed as:




or, on a unit mass basis:



Consider now a process carried out on a closed system. Let
E1 = initial total energy of the system
E2 = final total energy of the system
Q = heat transferred into the system
W = work done by the system 
Then by the principle of conservation of energy,









We can note from the last equation that Q and W are the energy forms responsible for the change of E in a closed system. This last equation is the statement of the first law of thermodynamics.

Most closed system remain stationary (velocity and elevation remain constant) during a process and thus experience no change in their kinetic and potential energies.
The change in the total energy ∆E of a stationary system is identical to the change in its internal energy ∆U. Therefore the first law of thermodynamics becomes the following non-flow energy equation:



We will always assume closed systems to be stationary unless stated otherwise.



· Exercises:
1. During the working stroke of an engine the heat received was 120 kJ/kg and there was a decrease in internal energy of 65 kJ/kg. Determine the work done and state whether it is work done on or by the engine.

2. In the compression stroke of an internal combustion engine the heat rejected to the cooling water is 45kJ/kg and the work done on the system is 90kJ/kg. Calculate the specific change in internal energy of the engine system stating whether it is a gain or a loss.

3. In the cylinder of an air motor the compressed air has a specific internal energy of 420kJ/kg at the beginning of expansion and a specific internal energy of 200kJ/kg after expansion.  Calculate the heat flow to or from the cylinder when the work done by the air during the expansion is 100kJ/kg.
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