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PROBLEM I [20 pts]
A steam power plant is proposed to operate between the pressures of 10 kPa and 2 MPa with a maximum temperature of 400°C.

What is the maximum efficiency possible from the power cycle?

PROBLEM II [20 pts]
In an air-standard Brayton cycle the air enters the compressor at 0.1 MPa and 15°C. The pressure leaving the compressor is 1.0 MPa, and the maximal temperature in the cycle is 1100°C. 
- Sketch the T-s diagram.

- Determine the pressure and temperature at each point in the cycle.

- Determine the compressor work, turbine work, and cycle efficiency.

PROBLEM III [20 pts]
The compression ratio in an air-standard Otto cycle is 10. At the beginning of the compression stroke the pressure is 0.1 MPa and the temperature is 15°C. The heat transfer to air per cycle is 1800 kJ/kg. 

- Sketch the P-v Diagram.

- Determine the thermal efficiency.

- Determine the mean effective pressure.

PROBLEM IV [20 pts]

A tank of 2 m3 volume contains saturated ammonia at a temperature of 40°C. Initially the tank contains 50% liquid and 50% vapor by volume. Vapor is withdrawn from the top of the tank until the temperature is 10°C. Assuming that only vapor leaves and that the process is adiabatic:
- Determine the initial mass of liquid in the tank.

- Determine the initial mass of vapor in the tank.

- Calculate the mass of ammonia that is withdrawn.
NOTE: The enthalpy of vapor leaving the tank is considered as constant and equal to: 1461.1 kJ/kg.

PROBLEM V [20 pts]

- Explain physically (only using words):

· The zeroth law of thermodynamics

· The first law of thermodynamics

· The second law of thermodynamics

- The efficiency of a modified Brayton cycle is given by:
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Where T1 is the lowest temperature; T3 is the highest temperature and rp is the pressure ratio. Under which conditions the efficiency of this cycle is equal to the efficiency of a Carnot cycle? Demonstrate why? 
- For a polytropic compression in a piston-cylinder device to be possible, what are the limitations on the polytropic exponent (n)? 
Formulae and Constants
For air: k= 1.4; Cp = 1.004 kJ/kg K; Cv = 0.717 kJ/kg K
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