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. A 75-kg copper block initially at 110°C is dropped into an insulated tank that contains 160 L
of water at 15°C. Determine the final equilibrium temperature and the total entropy change
for this process. Given: the density and specific heat of water at 25°C are p =997
kg/m® ¢, = 4.18 kl/kg."C  and the specific heat of air at 27°C is ¢, = 0.386 kJ/kg'C

(20 marks)



2) An ideal gas Carnot cycle uses air as the working fluid, receives heat from a heat reservoir

at 1027°C, is repeated 1500 times per minutes, and has a compression ratio of 12. The
compression ratio is defined as the volume ratio during the compression process. Determine
the maximum temperature of the low-temperature heat reservoir, the cycle’s thermal
efficiency, and the amount of heat that must be supplied per cycle if this device is to produce
500 kW of power. Draw the T-s diagram of this cycle Given: for air ¢, = 1.005 kJ/kgK,
k=14 (15 marks)



3. Air enter the compressor of a regenerative gas turbine engine at 310 K and 100 kPa, where
it is compressed to 900 kPa, 650 K. The regenerator has an effectiveness of 80%, and the air
enters the turbine at 1400 K. For a turbine efficiency of 90%, determine (a) the amount of
heat transfer in the regenerator and (b) the thermal efficiency. Assume variable specific
heats for air. (20 marks)
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4) A simple Rankine cycle uses water as the working fluid. The boiler operates at 6000 kPa
and the condenser at 50 kPa. At the entrance to the turbine , the temperature is 450°C. The
isentropic efficiency of the turbine is 94% , pressure and pump losses are negligible, and the
water leaving the condenser is subcooled by 6.3°C. The boiler is sized for a mass flow rate of
20 kg/s. Determine the rate at which heat is added in the boiler, the power required to operate
the pump, the net power produced by this cycle and the thermal efficiency. (25 marks)



5. A steam power plant operates on an ideal Rankine cycle with two stages of reheat and has
a net power output of 75 MW. Steam enters all three stages of the turbine at 550°C. The
maximum pressure in the cycle is 10 MPa, and the minimum pressure is 30 kPa. Steam is
reheated at 4 MPa the first time and at 2 MPa the second time. Show the cycle on a T-s
diagram with respect to the saturation line, and determine (a) the thermal efficiency of the
cycle (b) the mass flow rate of the steam. (25 points)
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