SME 2423 - THERMODYNAMICS I
TEST 1
SEMESTER [, SESI 2011/2012

Question 1 (10 marks)
a) State clearly the difference between the reversible work and useful work.

b) When a red hot metal block is placed in an ambient air, it cools down as heat is
transferred from it to the surrounding air. Suggest how the amount of exergy that is
wasted during this process can be quantified.

Question 2 (20 marks)

A mass of 0.2 kg of saturated liquid-vapor mixture of refrigerant-134a is contained in a
piston-cylinder device at 200 kPa. Initially, 75 percent of the mass is in the liquid phase. Now
heat is transferred to the refrigerant at constant pressure until the cylinder contains saturated
vapor only. Show the process on a P-v diagram with respect to saturation lines. Assuming
the surroundings to be at 25°C and 100 kPa, determine:

a) the work done, kJ

b) the heat transfer, kJ

c) the exergy destroyed, kJ

d) the second law efficiency, %.

Question 3 (20 marks)

Steam enters an adiabatic turbine at 10 MPa and 500°C and leaves at 10 kPa with a quality
of 90 percent. Neglecting the changes in kinetic and potential energies. If the power
generated by the turbine is 5 MW, determine:

a) the mass flow rate, kg/s
b) the reversible power that could have been generated during the process, kW
c) the rate of exergy destruction during the process, kW.

Assume the surroundings at 25°C.
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Property Tables for Water and Steam

KJikg

kifig - K

m=/kg Kiikg kg - 1 me/kg Kiikg Miikg kifkg - K | mikg KJIrkg
P = 9.0 MPa (303.40°C) P = 10.0 MPa (311.00°C) P = 12.5 WPa (327.89°C)
Sat. 0.02048 2557.8 2742.1 5.6772 0.018026 2544.4 2724.7 5.6141 0.013495 2505.1 2673.8 5.4624
350 0.02580 2?24@ 295&6 ED361 Db2242 2699.2 29234 59443 | 0016126 26246 28262 57118
400  0.02953 2848.4 3117.8 6.2854 0.02641 2832.4 30S6.5 ©6.2120 0.02060 2785.3 30353 6.0417
450 0.03350 29552 32566 64844 | 002975 29434 32409 64190 | 002299 29125 31998 6.2719
500 0.03677 3055.2 3386.1 6.6576 | 0.03279 3045.8 3373.7 6.5966 | 0.02560 3021.7 3341.8 6.4618
550 0.03987 31522 3511.0 68142 | 0.03564 31446 3500.9 6£.7561 0.02801 23125.0 34752 6.6290
600 0.04285 3248.1 3633.7 6.9589 0.03837 3241.7 3625.3 6.9029 0.03029 3225.4 3604.0 6.7810
650 0.04574 3343.6 3755.3 7.0943 | 0.04101 3338.2 3748.2 7.0398 | 0.03248 3324.4 37304 6.9218
700 0.04857 3439.3 3876.5 7.2221 0.04358 34347 38705 7.1687 0.03460 34229 38553 7.0536
800 0.05409 3632.5 4119.3 7.4596 | 0.04859 3628.9 41148 7.4077 | 0.03869 3620.0 4103.6 7.2965
900 0.05950 3829.2 4364.8 7.6783 | 0.05349 3826.3 4361.2 7.6272 | 0.04267 3819.1 43525 7.5182
1000 0.06485 4030.3 4614.0 7.8821 | 0.05832 4027.8 4611.0 7.8315 | 0.04658 4021.6 4603.8 7.7237
1100 0.07016 4236.3 4867.7 8.0740 | 0.06312 4234.0 4865.1 8.0237 | 0.05045 42282 4858.8 7.9165
1200 0.07544 4447.2 5126.2 8.2556 0.06789 44449 5123.8 8.2055 0.05430 4439.3 5118.0 8.0937
1300 0.08072 4662.7 5389.2 8.4284 | 0.07265 4460.5 5387.0 8.3783 | 0.05813 4654.8 5381.4 82717
Property Tables for Refrigerant-134a
Saturated refrigerant-134a—Pressure table
Specific volume, Internal Enthalpy, Entropy,
m3/kg energy, klikg kJikg klkg - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press., Temp., liquid, vapor, liquid, vapor, liquid, Evap., vapor, liquid, vapor,
PMPa T °C v Vg ur ug hy hyg hg Sy Sy
0.16 —15.62 0.0007435 0.1229 29.66 218.32 29.78 208.18 23797 0.1211 0.9295
0.18 —-12.73 0.0007485 0.1098 33.31 219.94 33.45 206.26 239.71 0.1352 0.9273
0.20 —10.09 0.0007532 0.0993 36.69 221.43 36.84 204.46 241.30 0.1481 0.9253
0.24 -5.37 0.0007618 0.0834 42.77 224.07 4295 201.14 244,09 0.1710 0.9222
0.28 -1.23 0.0007697 0.0719 48.18 226.38 48.39 198.13 24652 0.1911 0.9197
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