CHAPTER  X 

                        AVAILABLE  ENERGY

· mechanical energy can be completely transformed

    into heat

· by symmetry we would expect: heat can be also completely transformed in work… unfortunately this is not true…..
· the availability of energy depends on the form it takes

·  the first law of thermodynamics does not exclude the possibility of transforming heat completely in work.

· A new subtle law in thermodynamics that forbids the total transformation of heat into work: the second law of thermodynamics 

Heat engines

· devices intended to convert heat in mechanical work

 some heat engines: 

· Hero's heat engine

· James Watt's steam engine

· Internal combustion engines

· Nuclear power-plants

working principle:

- two heat sources: one with higher and one with lower temperature 

- extract heat from the higher temperature source, a part of it transformed in work and a part of it given to the colder source.

Ideal Heat Engines

from the first law of thermodynamics we know:

heat taken from the hot region = work performed + heat given to the cold region (energy conservation)
· exhausted heat ( wasted energy

· how can we minimize the lost?

Answer given by Sadi Carnot (French army engineer)

· even under frictionless condition we cannot eliminate the exhausted heat!!

Second law of thermodynamics:


Or :

No engine can run between regions at the same temperature. In order to get a heat engine we need both a hot and cold temperature source.

Perpetual Motion Machines

· machines that would run and make work forever

(get something for nothing….)

Type I. Perpetual Motion Machines:

     ( would make work consuming no energy

           contradicts the first law of thermodynamics  

           and the energy conservation law!

 Type II. Perpetual Motion Machines:

     ( would be a device which would make work 

          consuming the thermal energy from only one 

           heat source

          contradicts the second law of thermodynamics

Less ambitious Perpetual Motion Machines:

    ( would make no work at all, but would run for 

         ever

         not possible due to resistance and friction forces 

         which are slowly consuming the available 

         energy

Real Engines 

Important quantity : efficiency (()

efficiency = work produced/ energy consumed
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  (Q( heat taken from the hot region; W( work done)

For a heat engine working between two sources of

heat (the high temperature one with Th and the low temperature one with Tc) the maximal possible efficiency will have an ideal Carnot machine:
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  ;  Tc and Th are on Kelvin scale

· real heat engines have smaller efficiencies

Running Heat Engines Backward
· devices that extract heat from a cooler region, and deposit it into a hotter one.

· to do this work is necessary (since heat does not go spontaneously from a colder region to a hotter one)


· these devices are known as: refrigerators, air 

   conditioners, heat pumps

efficiency of a refrigerator:
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 ; (Q0( heat taken out from the cold source; W ( work done)
efficiency of a heat pump: (h ;   performance: ph
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Home-Work assignment: 252/1-6; 252/9; 252/11; 252/14; 253/15-19; 253/21; 253/25,26; 253/28-32; 255/1-7; 255/10-12; 255/15-18

It is impossible to build a heat engine to perform mechanical work that does not exhaust heat to the surroundings





It is impossible to build a refrigerator that can transfer heat from a lower temperature region to a higher temperature region without using mechanical work
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