UNIT - 4
Availability and Exergy: Available and unavailable energy, concept of
availability, availability of heat source at constant and variable
Temperatures, Dead state, Exergy balance equation and Exergy analysis for
non-flow and steady flow systems, Helmholtz and Gibbs function, second
law efficiency. 07 hours
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1. One kg of air is compressed polytropically from 1 bar pressure and temperature of 300 K to a pressure

of 6.8 bar and temperature of 370 K. Determine the irreversibility if the sink temperature is 293 K
Assume R = 0.287 kJ/kg K, C,= 1.005 kJ /kg K and C,=

= 0.716 kJ /kg K.
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2. Calculate the maximum work developed when air expands in a piston-cylinder arrangement from
600 kpa and 150°C to 150 kpa and 50°C. Take T, = 300 K and p, = 100 kpa. Also find the

availablity at initial and final states. oz,
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3. A system at 500 K receives 7200 kJ/min from a source at 1000 K. The temperature of atmosphere is
300 K. Assuming that the temperatures of system and source remain constant during heat transfer

find out:

(a) The entropy produced during heat transfer

(b) The decrease in available energy after heat transfer
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4. A centrifugal compressor handles 25 kg/min of air. Air enters the compressor at 1 bar and 15°C
and leaves the cmpressor at 2 bar and 94°C. The environment temperature is 21°C. What is the
actual and minimum power required to drive the compressor? Neglect heat interaction and changes
in kinetic and potential energies between inlet and exit of compressor.
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5. A 200 m? rigid tank contains compressed air at 1 Mpa and 300 K. Determine how muuch work can
be obtained from this air if the environment conditions are 100 kpa and 300 K.
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9. 15 kg of water is heated in an insulated tank by a churning process from 300 K to 340 K. If the
surrounding temperature is 300 K, find the loss in availability for the process
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10. A closed system contains 2 kg of air during an adiabatic expansion process there occurs a change
in its pressure from 500kPa to 100 kPa and in its temperature from 350 K to 320 K. if the volume
doubles during the process make calculations for maximum work, the change in availability and
irreversibility. Take for air Cv = 0.718 kJ/kg K and R = 0.287 kJ/kgK. The surrounding conditions
may be assumed to be 100 kPa and 300 K.
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11. A heat engine receives heat from a source at 1500 K at a rate of 600 kJ/s and rejects the waste heat
to a sink at 300 K. If the power output of the engine is 400 kW. Determine the second-law efficiency
of this heat engine.
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12. Electric resistance heaters for residential buildings that have a COP of 1.0. Assuming an indoor
temperature of 21°C' and outdoor temperature of 10°C, determine the second-law efficiency of these
heaters.
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