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®The conservation equations of mass and energy are given below:
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1. (25%) A closed system initially contains 1 kg of water-vapor mixture with quality
0.8 at 10MPa. The process of constant volume occurs until pressure is 100kPa.
Then the heat is added at constant-pressure process until the state is saturated
- vapor. Another process of constant volume occurs until pressure is 10MPa. Finally,
the heat is released at constant-pressure process when the quality is equal to the
initial state. Please draw these processes on T-v and P-v diagrams, respectively.
How can you find the total heat released from the system and total work done by

the system after completing all those processes?

2. (25%) A steam turbine is used to steadily operate an R-134a centrifugal compressor
as shown in Fig. 1. The inlet and exit states of the turbine are P, =10MPa, T, =650

C, x,=096 and P,=10kPa. The mass flow rate of the steam is 10 kg/s. The
inlet and exit states of the compressor arex, =1.0, P, =120kPa, and P, =800kPa,
T, =40 ‘C. Assuming both the turbine and compressor are adiabatic devices, please

describe how you determine the work done by the turbine and the mass flow rate of
refrigerant through the compressor.

Steam R134a

turbine Compressor

Fig. 1

3. (25%) In an ideal Brayton cycle with ideal intercooling and reheating, air enters the
first-stage compressor at 37 °C and 100kPa. Both turbine stages and both
compressor stages have pressure ratios of 3.0, and air enters the first-stage turbine
with a temperature of 827°C. Please draw the T-s and P-v diagrams for all
processes of the cycle. Please also describe how you calculate the power output per
unit mass of the high-pressure turbine.

4. (25%) An simple ideal Rankine cycle uses water as working fluid, which critical

state has pressure of 22.1 MPa and temperature of 647K (374°C). The temperatures
of high-temperature reservoir and low temperature reservoir are 700K and 280K,
respectively. The system flow rate is 80 kg/s. The state at turbine inlet is 10 MPa of
saturated vapor. The state at pump inlet is 0.01 MPa saturated liquid. Please
identify the system irreversibility on T-s diagram. Also describe how you determine
the thermal efficiency in terms of enthalpy.




