

2017-18 Thermodynamics Mock Exam

QUESTION ONE (10 marks): Closed system

Air is contained in a variable-load piston device equipped with a stirring wheel. Initially, air is at 500 kPa and 27C. The stirring wheel is now turned by an external electric motor until 50 kJ/kg of work has been transferred to the air. During this isobaric process, heat is transferred to maintain a constant air temperature while allowing the gas volume to triple. Calculate the required amount of specific heat transfer q.
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Assumptions: 
· Air is considered as an ideal gas. 
· Gas constant and specific heats values can be found in table A-2.
· For the isobaric process of an ideal gas, the boundary work relation is, 



QUESTION TWO (20 marks): Steady-flow system

Two streams of water are mixed in an insulated container to form a third stream leaving the container. The first stream has a flow rate of 30 kg/s and a temperature of 90C. The flow rate of the second stream is 210.48 kg/s, and its temperature is 50C. What is the temperature of the third stream and the outlet velocity when the outlet pipe diameter is 0.15 m?
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Assumptions:
· Kinetic and potential energy changes are negligible. 
· The system is adiabatic and thus there is no heat transfer.
· There are no work interactions.
· Water exists as a compressed liquid when its temperature is below the saturation temperature of water at 300 kPa (133.52C). You will then approximate the compressed liquid as a saturated liquid at the given temperatures.
· You will need to use table A-4.






QUESTION THREE (20 marks): Unsteady-flow process

A piston-cylinder device initially contains 2 kg of refrigerant-134a at 800 kPa and 80C. A linear spring at this point applies full force to the piston. A valve connected to the cylinder is now opened, and refrigerant is allowed to escape. The spring unwinds as the piston moves down, and the pressure and temperature drop to 500 kPA and 20C while half of the refrigerant is withdrawn from the tank at the end of the process. Determined (i) the work done and (ii) the heat transfer.
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Assumptions:
· Kinetic and potential energy changes are negligible.
· Noting that the spring is linear, the boundary work can be determined from,

· The properties of R-134a at the initial and final states can be defined by using table A-13.
· The enthalpy of the refrigerant withdrawn from the cylinder can be assumed to be the average of initial and final enthalpies of the refrigerant in the cylinder.
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