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Quiz 2 (100 minutes)

Problem 1

At steady state, an adiabatic air compressor is to be powered by a direct-coupled adiabatic
steam turbine that is also driving an electrical generator. Steam enters the turbine at 12.5
MPa and 500°C at a rate of 25 kg/s and exits at 10 kPa and a quality of 0.92. Air enters the
compressor at 98 kPa and 22°C at a rate of 520 m3/min and exits at 1 MPa and 34rc.
Determine the net power delivered to the electrical generator by the turbine.
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Problem 2

A 0.12-m3 rigid tank contains saturated refrigerant-134a at 800 kPa. Initially, 25 % of the
volume is occupied by liquid and the rest by vapor. A valve at the bottom of the tank is now
opened, and liquid is withdrawn from the tank. Heat is transferred to the refrigerant such
that the pressure inside the tank remains constant. The valve is closed when no liquid is left
in the tank. For this process, find:

a. the amount of refrigerant that exited the tank and
b. the total heat transfer for this process.
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Problem 3
A simple steam power plant operates at steady state with water circulating through its
components. The net power output of the power plant is 45 MW. Steam enters the turbine
at 7 MPa and 500°C and exits with a quality of 82%. Water is then cooled in the condenser
at a pressure of 10 kPa by running cooling water from a lake through the tubes of the
condenser at a rate of 2000 kg/so The working fluid leaves the condenser as saturated liquid.
The enthalpy of water at the exit of the pump is of 200 kJ/kg. Figure 3 shows additional data
at key points in the cycle.
Effects of kinetic and potential energy changes at all points of the cycle are negligible. Water
experiences no pressure drop in the steam generator and the condenser of the plant. If the
heat losses to the atmosphere of the cycle components are negligible, find:

a. the thermal efficiency,
b. the mass flow rate of the steam,
c. the temperature rise of the cooling water.
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Bonus (5 points)
A well-insulated rigid tank having a volume of 3 m3 contains saturated water vapor at 100°C.
The water is rapidly stirred until the pressure is 1.4 Bar. Determine the temperature at the
final state, and the work during the process.
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