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· A drafting not limiting itself to a succession of calculations is awaited 

· A durty copy will not be corrected
Reminders: 

· During a transformation from point 1 to point 2 during which the system exchanges energy in the form of work and heat, the first principle is expressed as 
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· This first principle can also be written by 
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. In this case, wm corresponds to the work provided to the system by the moving parts of a machine in which 1 kg of fluid passes between the state 1 and the state 2. wm is also called "useful" work or "work machine”. In the following, the work term refers to wm.

· The state equation for an ideal gas is: Pv=rT with v in m3/kg and r (the constant of the perfect gas) in J.kg -1.K-1.
Exercise n° 1 : Simplified study of a turbojet 
A turbojet is composed of a compressor, a combustion chamber, a turbine and a nozzle. The compressor and the turbine are assembled on the same axis.
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The compressor aspires the air to the atmospheric pressure 
[image: image3.wmf]0

P1bar

=

 at 
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 with a mass flow rate 
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and it adiabatically compresses it until the pressure 
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 Air is supposed to be an ideal gas of constant 
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 and of  mass capacity with constant pressure 
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 All the transformations are considered to be reversible. 
I – Study of the compressor
I – 1. Calculate the  coefficient, defined as the ration between the mass capacity with constant pressure and the mass capacity with constant volume.
I – 2. Determine the temperature at the exit of the compressor, 
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I – 3. Which is the power of this compressor, 
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Remark: In the case of an isentropic transformation, the expression of the power is: 
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 with h the mass enthalpy.
II – Study of the combustion chamber
The fuel is injected into the compressed air and burns under constant pressure in the combustion chamber. The combustion is carried out with an important excess of air; in such a way that it will be admitted that there are no modification of nature and number of moles of gas.

II – 1. The maximum temperature accepted at the entry of the turbine is 
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Calculate the quantity of heat Q that it is necessary to provide to the air in one second to raise its temperature from 
[image: image13.wmf]1

T

 to 
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II – 2. Deduce the fuel mass mc to inject per second knowing that its average calorific value is:
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III – Study of the turbine

The gases are adiabatically relaxed in the turbine. 
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 corresponds to the temperature at the exit of the turbine.
III – 1. Give the expression of the work exchanged between the gas and the rotor of the turbine of 1 kg of air. Give also an interpretation of the sign of this work.
III – 2.  Deduce the expression of the power of the turbine 
[image: image17.wmf]t

P

 as a function of 
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[image: image19.wmf]t

P0).

>


III – 3. By admitting that the power of the turbine 
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 is equal to the power of the compressor 
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 Calculate 
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III – 4. Then, deduce the pressure of the gas at the exit of the turbine,
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Exercise n° 2 : Study of a refrigerating machine

This machine is composed of 4 elements:
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( A compressor (C)

( A condenser

( A pressure reducer (D)

( An evaporator
The cycle is supposed to be reversible. The used fluid is (R 717). This fluid is also considered to be an ideal gas in gas state.
Data :

( 
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( Average heat mass capacity of the gas ammonia at constant pressure 
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 between the temperatures 
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( Latent heat of vaporization of ammonia at 
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( Latent heat of vaporization of ammonia at 
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Description of the cycle :
The fluid leaves the evaporator in the form of saturated dry vapour, state 1: 
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The fluid undergoes in the compressor an adiabatic and reversible compression, state 2 
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Then, the vapour undergoes in the condenser an isobaric transformation: first cooling until T3 and second complete liquefaction at the same temperature, state 3.
The liquid passes through the pressure reducer and it undergoes an isenthalpic relaxation, state 4 : 
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The vaporization of the remaining liquid finishes in the evaporator for a return to state 1.
Questions :

1: The cycle is represented either in an enthalpic diagram (figure 1 annexe 1) or in an entropic diagram (figure 2 annexe 1).
Precise in these two diagrams, the states 1, 2, 3 and 4 of the fluid and place also the different elements of this system (condenser, evaporator, compressor and pressure reducer).
2: Calculate the temperature at the end of the compression, 
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3: Calculate, in the condenser, the quantity of heat exchanged by 1 kg of fluid. Justify if the temperature of the external body which exchanges 
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 with refrigerant, is lower, equal or higher than 
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4: Calculate the quantity of heat exchanged by 1 kg of fluid on the level of the evaporator 
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. Clearly indicate in which direction the heat transfer takes place, and if the temperature of the external body, exchanging heat with the refrigerant is lower, equal or higher than 
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5: Determine the vapor rate x4 at point 4.

6: Using the first principle of thermodynamics, calculate the work W exchanged per kilogramme of fluid with the external environment during the cycle.
7: Define the efficiency of this refrigerating machine. Calculate it. 
Exercise n° 3 : LINDE PROCESS
The figure below represents the general diagram of process LINDE, used to produce liquid nitrogen.
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The nitrogen enters the compressor 
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 in state 1 characterized by 
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; it undergoes there a compression which brings it to the pressure 
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Then, it is cooled with constant pressure until the temperature 
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 in the exchanger 
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 and finally relaxed until the atmospheric pressure 
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 in the pressure reducer 
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The liquid nitrogen is extracted from the separator 
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 and the dry saturated vapour is used to cool nitrogen in the exchanger It will be admitted that this nitrogen vapor is brought back to state 1 on the outlet side of the exchanger.

A – Study of the compression
The compressor 
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 is only cooled by a water circuit in which water undergoes an increase in temperature of 10 °C for 1 kg of compressed nitrogen. It is admitted that the compression of nitrogen is carried out in an isothermal way from state 1 to state 2 (
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By using the entropic diagram of nitrogen (annexe 2):
1: Plot in the diagram the points A and B representing respectively the states 1 and state 2 of nitrogen. Deduce the mass enthalpy and the mass entropy for A and for B.
2: Calculate the mass heat quantity exchanged during the compression.

3: Determine the water mass necessary to the cooling of the compressor when this one compresses a mass of 
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Data : for water : 
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4: Determine the work exchanged between the unit of mass of nitrogen and the compressor.
B – Study of the cooling:

At the exit of the compressor, the nitrogen is cooled in the exchanger 
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 at constant pressure 
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 until its temperature reaches the value of 
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1: Plot in the entropic diagram the points C and D, corresponding respectively to the states of nitrogen at the exit of the exchanger 
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 and of the pressure reducer 
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. Which is the temperature at the point D, TD?
2: Which are the mass enthalpies and the mass entropies at the points C and D?

3: In this diagram, plot also the points E and F representing respectively the state of liquid nitrogen (state 5) and the state of dry saturated vapour (state 6) at the temperature TD. Which are the mass enthalpies and the mass entropies at the points E and F? Deduce the latent heat of vaporization of nitrogen at TD.
4: Which is the title of the vapour in D ? Deduce the mass of liquid nitrogen obtained from 1 kg of nitrogen.
5: Calculate the work of compression which is necessary to obtain 1 kg of liquid nitrogen. Deduce the power of this compressor if we want to obtain 
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 of liquid nitrogen per hour
The entropic diagram must be given with the copy. Don’t forget to precise your name on the different copies.
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Annexe 2

Extraction of liquid nitrogen
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