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1. A vessel contains R-134a at 100 °C and 3.00 MPa.

(a) From the given property table, find the specific volume. (10 %)

(b) Use the ideal-gas model to calculate the specific volume. Compare the result with that you find in (a) and
comment on the relative magnitudes. [The molar mass is 102.03 kg/kmol.] (10%)

(¢) Use the given property table to calculate the Helmholtz free energy and the Gibbs free energy. (5 %)

Superheated R-134a

. Temp. v 1 I s v u I s
SO (k) (kJikg) {(kJ/kg) (kd/ke-K) (m’/kg) (Rd/kg) (kd/kg) - (kJ/kg-K)
1600 kPa (37.90 () 2000 kPa (67.48°C)
0.01213 407.11 426,34 0.00930 410.15 428,75 1.6991
0.01239 409.49 420.32 — — — _
0.01345 420.37 441.89 0.00958 17101
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0.01676 0.5 487.39 1.8762 0.01279 1.8487
0.01748 498.39 1.9045 0.01342 494.19 1.8783
0.01817 1.9321 0.01403
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0.0207¢6 553.73 2.0370 0.01624 518.48 550.96 2.0142
0.02138 563.02 2.0622 0.01676 528.89 56242 2.0398
Cooooo 3000KkPa(8620°C) -
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000575 41893 16995 - L
0.00663 433.77 17472 - - -
0.00734 446.48 1.7862 0.00428 42974 44684 L7148
0.00792 458.27 L8211 0.00500 445.97 1465.99 17642

000845 46958 1.8535 0.00556 4

61 0 :
000037 49149 0.00644 -
0.00980 502.30 0.00683 . 523.0 7
0.01021 313.09 1.9689 0.00718 307.19 53592 1.9320
(1L.01060 323.89 1.9956 0.00752 318.51 548.57 1.9603

2. Heat engines are cyclic devices where the working fluid returns to its initial state at the end of each cycle.

(a) Describe the four processes in a Carnot cycle and draw the corresponding P-v (pressure-volume) curves. (10
%)

(b) Using the ideal-gas model for the working fluid, calculate the work, the heat transfer, and the thermal
efficiency for a Carnot cycle. (10 %)

(c) Calculate the net entropy change for a Carnot cycle and comment on the relation of your result with the

second law of thermodynamics. (5 %)
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3. Air at the rate of 30 kg/min is compressed in a centrifugal air compressor from 1 bar to 3 bar. The
temperature increases from 20°C to 100°C during compression. Neglect the heat interaction between the
compressor and surroundings and changes in potential and kinetic energy. The surrounding air temperature is
207C.

Take for air, Cp =1.005kJ/kg K, R=0.287 kikg K
Determine (a) actual power (10%) and (b) minimum power required to run the compressor. (10 %)

4, Calculate the decrease in available energy when 10 kg of water at 70°C mixes with 20 kg of water at 20°C,
the pressure being taken as constant and the temperature of the surroundings being 10°C. (15%)
Take Cp of water as 4.18 kl/kg K

5. A heat pump working on a reversed Carnot cycle takes in energy from a reservoir maintained at 5°C and
delivers it to another reservoir where temperature is 77°C. The heat pump derives power for its operation from
a reversible engine operating within the higher and lower temperatures of 1077°C and 77°C. For 100 kl/kg of
energy supplied to reservoir at 77°C, estimate the energy taken from the reservoir at 1077°C. (15 %)
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