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Practice problems February 25, 2013 1. A piston-cylinder device contains 2 kgs of air (which, if you remember is mostly nitrogen gas). The piston and cylinder walls form a perfect adiabatic enclosure. Initially the gas temperature is 25 ◦ C and the pressure is 2.1 bar. A paddle wheel is made to rotate in the gas, thus administering 4080 kgf m of work on the gas-system. If the gas pressure is balanced by the piston weight and the atmospheric pressure, what will be the final temperature and pressure of the gas system. 2. A reversible heat pump is used to heat a building. The heat pump is powered by a Carnot heat engine. Both the pump and engine use the atmosphere as their low temperature heat reservoirs. The building at 21 ◦ C is the high temperature reservoir for the heat pump. The Carnot engine uses a high-temperature reservoir at 540 ◦ C. Obtain the ratio of the heat delivered to the building to the heat absorbed by the Carnot engine from its high temperature source when the atmospheric temperature Tatm is at 4◦ C. Compare your answer to when Tatm = 25◦ C. 3. You are asked to design a solar powered heat engine to produce 100 kW of work. The solar collectors are supposed to operate at 120◦ C, with an atmospheric temperature of 22◦ C. If the energy flux from the sun is 1 kW per square meter, what is the minimum area requirement for your solar energy collectors. 4. A system executes a power cycle while receiving 750 kJ by heat transfer at a temperature of 1500 K and discharging 100 kJ by heat transfer at 500 K. A heat transfer from the system also occurs at a temperature of 1000 K. There are no other heat transfers. If no internal irreversibilities are present, determine the thermal efficiency. 5. As shown in figure below, water flows from an elevated reservoir through a hydraulic turbine. The pipe diameter is constant, and operation is at steady state. Estimate the minimum mass flow rate, in kg/s, that would be required for a turbine power output of 1 MW. The local acceleration of gravity is 9.8 m/s2 .
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6. Air enters an insulated turbine operating at steady state at 4.89 bar, 597◦ C and exits at 1 bar, 297◦ C. Neglecting kinetic and potential energy changes and assuming the ideal gas model, determine ˆ the work developed, in kJ per kg of air flowing through the turbine. ˆ whether the expansion is internally reversible, irreversible, or impossible.



7. Refrigerant-134a enters the evaporator coils placed at the back of the freezer section of a household refrigerator at 120 kPa with a quality of 20% and leaves at 120 kPa and -20◦ C. If the compressor consumes 450 W of power and the COP the refrigerator is 1.2, determine (a) the mass flow rate of the refrigerant and (b) the rate of heat rejected to the kitchen air.



8. A Carnot heat engine receives heat from a reservoir at 900◦ C at a rate of 800 kJ/min and rejects the waste heat to the ambient air at 27◦ C. The entire work output of the heat engine is used to drive a refrigerator that removes heat from the refrigerated space at −5◦ C and transfers it to the same ambient air at 27◦ C. Determine (a) the maximum rate of heat removal from the refrigerated space and (b) the total rate of heat rejection to the ambient air. 9. Two streams of the same ideal gas having different mass flow rates and temperatures are mixed in a steady-flow, adiabatic mixing device shown below. Assuming constant specific heats show that ˙1 m˙ 2 T3 = x1 T1 + x2 T2 , where x1 = m [3 Marks] m˙ 3 and x2 = m˙ 3 .



10. Electronic components are mounted on the inner surface of a horizontal cylindrical duct whose inner diameter is 0.2 m, as shown below. To prevent overheating of the electronics, the cylinder is cooled by a stream of air flowing through it and by air flowing over its outer surface. Air enters the duct at 25◦ C, 1 bar and a velocity of 0.3 m/s and exits with negligible changes in kinetic energy and pressure at a temperature that cannot exceed 40◦ C. At steady state the electronic components require 0.20 kW of electric power. Determine the minimum rate of heat transfer from the cylinder’s outer surface, in kW, for which the limit on the temperature of the exiting air is met.
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11. Steam enters a turbine operating at steady state with a mass flow rate of 5100 kg/h. The turbine develops a power output of 1350 kW. The inlet pressure, temperature and velocity are 80 bar, 450◦ C, and 12 m/s respectively. At the exit the pressure drops to 0.3 bar, the steam quality is 75%, and the velocity is 36 m/s. Calculate the rate of heat transfer between the turbine and surroundings, in kW. 12. The density of the earth’s atmosphere monotonically decreases with height above the earth’s surface. Assuming the atmosphere to be in a uniform gravitational field strength and the air in the atmosphere to be an ideal gas with constant specific heat, show that the total internal energy in a vertical column of atmosphere of cross-sectional area A is given by Ei =



ACV µg



Z



P0



T (P )dP . 0



Assume a flat earth. In the above, T is the temperature of the atmosphere, P0 is the pressure at the earth’s surface and µ is the molar mass of air. 13. A balloon initially contains 65 m3 of helium gas at atmospheric conditions of 100 kPa and 22◦ C. The balloon is connected by a valve to a large reservoir that supplies helium gas at 150 kPa and 25◦ C. Now the valve is opened, and helium is allowed to enter the balloon until pressure equilibrium with the helium at the supply line is reached. The material of the balloon is such that its volume increases linearly with pressure. If no heat transfer takes place during this process, determine the final temperature in the balloon. 14. An adiabatic air compressor is powered by a direct-coupled adiabatic steam turbine that is also driving a 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 295 K at a rate of 10 kg/s and exits at 1 MPa and 620 K. Determine the net power delivered to the generator by the turbine.
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