ME 24-221
Thermodynamics |

SecondMid-TermExamination

6 November2000

Fall 2000

Instructor:J. Murthy

Openbook,opennotes

50 minutes

Total: 25 points

Probleml: 5 points;Problem2: 10 points;Problem3: 10 points

1. A refrigeratorsalesmarmlaimsthathis refrigeratormaintainsaninterior temperaturef -50C whenoperatingn aroom
at27°C. He claimsthatthe coeficient of performanc€ COP)undertheseconditionsis 10.

(a) Canhisclaimbetrue?

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

2. An adiabaticsteamturbinerecevessteamfrom two differentsourcesasshown in Figurel. The pressureandtemper
atureat statel are5 Mpa and80(°C andthe massflow rateis 10 kg/s. At state2, the pressureandtemperaturarel
MPa and500°C, andthe massflow rateis 5 kg/s. The exit stateis givenby 30 kPa and90% quality. You mayignore
potentialandkinetic enegy changeghroughthe device.

(a) Whatis theexit volumetricflow ratein m®/s?
(b) Whatis thework doneby theturbinein kW?

3. Considerthe control volume shavn in Figure 2 operatingin steadystate. Two steadyflows of air enterthe control
volumeasshawn, aremixedtogetherin it, andexit at state3. Thetemperaturendpressurean statel are200°C and
500kPa andthe massflow rateis 2 kg/s. Thetemperaturandpressuret state2 are100°C and500kPa andthe mass
flow rateis 5 kg/s. Theexit pressures 100kPa. Thevelocitiesin statesl and2 areneglible. The exit velocity is not
negligible, andis measuredt50 m/s. Potentialenegy changesanbeignored.Assumespecificheatsto be constant.

(a) If theheatrejectedby thecontrolvolumeis 20kW andit produceglOkW of pawer, determingheexit temperature
of thedevice.

(b) If theexit is acircular pipe,find theexit diameterin m?.
(c) Findthenetrateof outflow of internalenegy rm;u; — m,u; — m,u, in kW,



Figurel: Schematidor Problem2
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Figure2: Schematidor Problem3



