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Thermodynamics I
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Instructor:J.Murthy
Openbook,opennotes
50 minutes
Total: 25 points
Problem1: 5 points;Problem2: 10 points;Problem3: 10 points

1. A refrigeratorsalesmanclaimsthathis refrigeratormaintainsaninterior temperatureof -5 � C whenoperatingin aroom
at27

�
C. He claimsthatthecoefficientof performance(COP)undertheseconditionsis 10.

(a) Canhisclaim betrue?

(b) If the rate of heatremoval from the cold spaceis 2 kW, computethe minimum possiblepower that must be
providedto therefrigeratorin kW.

2. An adiabaticsteamturbinereceivessteamfrom two differentsources,asshown in Figure1. Thepressureandtemper-
atureat state1 are5 Mpa and800

�
C andthemassflow rateis 10 kg/s. At state2, thepressureandtemperatureare1

MPa and500
�
C, andthemassflow rateis 5 kg/s. Theexit stateis givenby 30 kPa and90%quality. You mayignore

potentialandkineticenergy changesthroughthedevice.

(a) Whatis theexit volumetricflow ratein m3 � s ?

(b) Whatis thework doneby theturbinein kW?

3. Considerthe control volumeshown in Figure2 operatingin steadystate. Two steadyflows of air enterthe control
volumeasshown, aremixedtogetherin it, andexit at state3. Thetemperatureandpressurein state1 are200

�
C and

500kPa andthemassflow rateis 2 kg/s.Thetemperatureandpressureat state2 are100
�
C and500kPa andthemass

flow rateis 5 kg/s. Theexit pressureis 100kPa. Thevelocitiesin states1 and2 areneglible. Theexit velocity is not
negligible, andis measuredat50 m/s.Potentialenergy changescanbeignored.Assumespecificheatsto beconstant.

(a) If theheatrejectedby thecontrolvolumeis 20kW andit produces40kW of power, determinetheexit temperature
of thedevice.

(b) If theexit is acircularpipe,find theexit diameterin m2.

(c) Find thenetrateof outflow of internalenergy ṁ3u3 � ṁ1u1 � ṁ2u2 in kW.
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Figure1: Schematicfor Problem2
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Figure2: Schematicfor Problem3
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