ME 24-221
Thermodynamics |

Final Examination

19 Decembe000

Instructor:J. Murthy

Openbook,opennotes

3 hours

Total: 60 points

Probleml: 10 points;Problem2: 10 points;Problem3: 20 points;Problem4: 20 points

1. A rigid tank containsair 5 kg of liquid waterat 100kPa and15°C. A paddledoes500 kJ of work on the water, after

which it is foundthatthe watertemperaturénasrisento 60°C. Assumethatthe surroundingsreat 25°C andthatthe
waterremaindiquid throughoutheprocess.

(a) Findtheheattransferto thewaterin kJ.

(b) Findtheentropy changeof thewaterin kJ/K.

(c) Findtheentropy changeof the surroundingsn kJ/K.

(d) Hencefind theentrogy changeof the universein kJ/K.

(e) Is this procesgpossible7Explain.
. A heaiily insulatedpiston-g/linder arrangementontains3 kg of waterat 100 kPa andx=0.8. It is compresseth an
irreversibleprocessuntil the pressureeache800kPa. Theentropy generatiordueto irreversibilitiesis 1.544kJ/K.

(a) Write theFirstandSecond_aw consideringvaterto beyour system.

(b) Findthefinal temperatur®f thesystemin °K.

(c) Findthework doneonthesystemin kJ.
. Air containedn a piston-g/linder assemblyundegoesan ideal Stirling cycle, shavn in Figurel. The Stirling cycle
consistof thefollowing processes:

(a) An isothermalkompressioni-2.

(b) A constanvolumeheataddition2-3.

(c) An isothermalexpansion3-4.

(d) A constanvolumeheatloss4-1.
All processesrereversible.Heatis addedto the systemin the processe&-3 and3-4 andrejectedfrom the systemin
theprocessed-1and1-2.

For the Stirling cycle underconsiderationthe pressurandtemperaturatthe beginningof theisothermakompression
are100kPa, 30°C respectiely. The maximumtemperaturen the cycleis 1200°C. The compressiomatio v, /v, is 5.
Assumingconstanspecificheatsfind

(a) Thepressure®,, P; andP, in kPa.

(b) Thework donein the processe4-2 and3-4in kJ/kg.

(c) Theheattransferin eachof the processe$-2,2-3,3-4and4-1in kJ/kg.
(d) Thethermalefficiengy of thecycle.
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Figurel: Schematidor Problem3

4. ConsidervariationontheRankinecycle,asshaovnin Figure2. Wateris theworking substanceSaturatediquid at10
kPaleavesthe condensem statel andis pumpedo state?2. Steameaving theboiler (Boiler 1) is at5 MPaand500°C
andis expandedn thefirst turbinestageto a pressuref 200kPa. It is thenpassedhrougha secondooiler (Boiler 2)
andheatedo atemperaturef 300°C beforebeingexpandedn the secondurbinestage.

Assumethatthe pumpis isentropic but thateachturbinestagehasanisentropicefficiency of 85%. Assumetheboilers
andcondenseto be constanpressuralevices.Find:

(a) Thework donein eachturbinestagein kJ/kg.

(b) Theheattransferredo thewaterin eachof the boilersin kJ/kg.

(c) Thepumpworkin kJ/kg.

(d) Thethermalefficiengy of thecycle.
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Figure2: Schematidor Problem4
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