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Unit Twelve Homework Problems, December 7, 2010
1
A refrigerator uses R-134a as the working fluid and operates on an ideal vapor-compression refrigeration cycle between 0.12 and 0.7 MPa.  The mass flow rate of the refrigerant is 0.05 kg/s.  Show the cycle on a T-s diagram with respect to the saturation lines.  Determine (a) the rate of heat removal from the refrigerated space and the power input to the compressor, (b) the rate of heat rejection to the environment, and (c) the coefficient of performance.
2
If the throttling valve in Prob. 1 is replaced by an isentropic turbine, determine the percentage increase in the COP and in the rate of heat removal from the refrigerated space.

3
A 300 kJ/min refrigeration system operates on a vapor-compression refrigeration cycle with refrigerant 134a as the working fluid.  The refrigerant enters the compressor as a saturated vapor at 140 kPa and is compressed to 800 kPa; the compressor has an isentropic efficiency of 85 percent.  Determine (a) the quality of the refrigerant at the end of the throttling process, (b) the coefficient of performance and (c) the power input to the compressor.
4
An ideal Otto cycle has a compression ratio of 8.  At the beginning of the compression process, air is at 95 kPa and 27oC, and 750 kJ/kg of heat is transferred to air during the constant-volume heat addition process.  Taking into account the variation of specific heats with temperature, determine (a) the pressure and temperature at the end of the heat-addition process, (b) the net work output, (c) the thermal efficiency, and (d) the mean effective pressure for the cycle.

5
Air enters the compressor of a gas-turbine engine at 300 k and 100 kPa, where it is compressed to 700 kPa and 580 K.  Heat is transferred to air in the amount of 950 kJ/kg before it enters the turbine.  For a turbine efficiency of 86% determine (a) the fraction of the turbine work output used to drive the compressor and (b) the thermal efficiency.  Assume variable specific heats for air.
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