Multigas: Air Cycle and Air Separation (3 hrs)

Syllabus: Air Separation Unit (ASU) cycle schematic and Temperature versus
Entropy (Ts) diagram / compressors/, expanders / isothermal compression/ isentropic
expansion / isentropic compression/ isenthalpic expansion

The history and general descriptions of the Air Cycle can be read in
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From McConkey Thermodynamics for Engineering Technicians
149 Liquefaction of gases
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Fig. 1427 The Linde
system for gas
liquefaction (a) with the
Rara ﬂ‘:;‘ a2 T-s corresponding T-s diagram is shown in Fig. 14.27(b). This is called the Linde



Substances which solidify at a temperature above that of the required liquid
temperature must be removed from the gas before admission to the plant. The
gas is compressed to a pressure of 100-200 atm before delivery to the cooler.
The gas is cooled in the cooler to a temperature which depends on the
temperature of the cooling water available. The gas passes through a heat
exchanger where heat is transferred from it to the returning low-temperature
vapour. It is cooled at 3 to a temperature which is in the region of its critical
value and is then throttled to atmospheric pressure, at which pressure it exists
as a wet vapour. The liquid is drawn off and the vapour is returned to the
compressor. The quantity is made up from an external supply before induction
into the compressor.

Lower temperatures could be obtained by replacing the throttling operation
with an expansion machine of the turbine type.

From what has been said previously about the throttling of a gas it would
appear that the process described in this section is impossible, as there would
be no change in the temperature of the gas in throttling and therefore no cooling
effect. With real gases there is a small change in temperature on throttling and
this may be either an increase or a decrease. At any particular pressure there
is a temperature above which the gas will not be reduced in temperature by a
throttling process. This temperature is called the temperature of inversion.

At the commencement of the Linde process there is no cold gas returning
thmugh the heat exchang:r and so there will be no cnolmg effect from 3 to 4.

If, however, the te:mperalurc at 3 is below the t:mperalure of inversion there
will be some cooling as the gas is throttled from 3 to 7. As the process continues
the amount of cooling due to returning cold vapour will increase and the line
3-7 will gradually move down to position 4-5. Il conventional cooling is not
able to cool the gas to below the temperature of inversion then a refrigeration
process must first take place to do so.



From Rogers and Mayhew textbook, Engineering Thermodynamics Work and Heat
Transfer

The simplest liquification process was first developed by Linde for liquefyin
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Figure 11 A nitrogen liquefier.

In Figure 11, if none of the expanders are used then
the liquefaction process reduces to the one proposed
by Carl von Linde. On the other hand, if the warm
expander and the dense fluid expander are removed,
then the resulting process is similar to the one used by
Georges Claude.



