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1. A rigid tankcontainsair 5 kg of liquid waterat 100kPa and15
�
C. A paddledoes500kJ of work on thewater, after

which it is foundthat thewatertemperaturehasrisento 60
�
C. Assumethat thesurroundingsareat 25

�
C andthat the

waterremainsliquid throughouttheprocess.

(a) Find theheattransferto thewaterin kJ.

(b) Find theentropy changeof thewaterin kJ/K.

(c) Find theentropy changeof thesurroundingsin kJ/K.

(d) Hencefind theentropy changeof theuniversein kJ/K.

(e) Is this processpossible?Explain.

2. A heavily insulatedpiston-cylinder arrangementcontains3 kg of waterat 100kPa andx=0.8. It is compressedin an
irreversibleprocessuntil thepressurereaches800kPa. Theentropy generationdueto irreversibilitiesis 1.544kJ/K.

(a) Write theFirst andSecondLaw consideringwaterto beyoursystem.

(b) Find thefinal temperatureof thesystemin
�
K.

(c) Find thework doneon thesystemin kJ.

3. Air containedin a piston-cylinder assemblyundergoesan ideal Stirling cycle, shown in Figure1. TheStirling cycle
consistsof thefollowing processes:

(a) An isothermalcompression1-2.

(b) A constantvolumeheataddition2-3.

(c) An isothermalexpansion3-4.

(d) A constantvolumeheatloss4-1.

All processesarereversible.Heatis addedto thesystemin theprocesses2-3 and3-4 andrejectedfrom thesystemin
theprocesses4-1and1-2.

For theStirling cycleunderconsideration,thepressureandtemperatureat thebeginningof theisothermalcompression
are100kPa, 30

�
C respectively. Themaximumtemperaturein thecycle is 1200

�
C. Thecompressionratio v1

�
v2 is 5.

Assumingconstantspecificheats, find

(a) ThepressuresP2, P3 andP4 in kPa.

(b) Thework donein theprocesses1-2 and3-4 in kJ/kg.

(c) Theheattransferin eachof theprocesses1-2,2-3,3-4and4-1 in kJ/kg.

(d) Thethermalefficiency of thecycle.
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Figure1: Schematicfor Problem3

4. ConsideravariationontheRankinecycle,asshown in Figure2. Wateris theworkingsubstance.Saturatedliquid at10
kPaleavesthecondenserin state1 andis pumpedto state2. Steamleaving theboiler (Boiler 1) is at5 MPaand500

�
C

andis expandedin thefirst turbinestageto a pressureof 200kPa. It is thenpassedthrougha secondboiler (Boiler 2)
andheatedto a temperatureof 300

�
C beforebeingexpandedin thesecondturbinestage.

Assumethatthepumpis isentropic,but thateachturbinestagehasanisentropicefficiency of 85%.Assumetheboilers
andcondenserto beconstantpressuredevices.Find:

(a) Thework donein eachturbinestagein kJ/kg.

(b) Theheattransferredto thewaterin eachof theboilersin kJ/kg.

(c) Thepumpwork in kJ/kg.

(d) Thethermalefficiency of thecycle.
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Figure2: Schematicfor Problem4
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