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lmportant Notes:
a) There are five (5) questions. Attempt all the questions.
b) Questions have the same values as indicated.

QUESTION 1 (20 POINTS) Consider an ideal vapour-compression refrigeration cycle, with
ammonia as the workrng fluid. This cycle has an evaporator temperature of -20'C and a
condenser pressure of l2 bar. Satwated vapour enters the compressor and saturated liquid
exits the condenser. The mass flow rate is 3kdmin.

a) Determine the coefficient of performance.
b) Determine the refrigerating capacity in W.
c) Show the process schematically in a temperature-entropy (T, s) diagram. Please indicate
clearly each state and the corresponding region on the diagram.

QUESTION 2 (20 POINTS) 5 kg saturated liquid-vapour mixture of water is contained in a
piston-cylinder device at 100 kPa. Initially, 2 kg of water is in the liquid phase and 3 kg is in
the vapour phase. The piston is resting on a set of stops as shown in the figure below. Heat is
now transferred to this system. The piston starts moving when the pressure reaches at 150
kPa. Heat transfer continues until the total volume increases bv 20 Dercent.

a) Determine the initial and final temperatures.
b) Determine the work done during the process.
c) Determine the total heat transferred to the system during the process.
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d) Show the process schematically in a pressure-specific volume (p-v) diagram
indicate clearly each state and the corresponding region on the diagram.
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QUESTION 3 (20 POINTS) In an ideal air-standard Bryton cycle, the rate of heat addition
is given as 3.4x10'Btu/h. The pressure ratio for this cycle is 14. The minimum and
maximum temperatures are 520:R and 3000"K respectively. Determine,

a) the thermal efficiency of the cycle,
b) the mass flow rate oiair in lb/h,
c) the net power produced by the cycle in Btu/h.

Note: This is an ideal air-standard Bryton cycle, the solutions with constant specific heats are
not accepted.

QUESTION 4 (20 POINTS) Two insulated tanks are connected by an insulated valve. Tank
1 init ial ly contains I kg of air at 50oC, 1 bar. Tank 2 contains 2kgof air at25"C.2bar.The
valve is opened and two quantities of air are allowed to mix until equilibrium is attained. Air
behaves as an ideal gas with constant specific heats. Determine,

a) the final temperature,
b) the final pressure,
c) the amount of entropy produced.

QUESTION 5 (20 POINTS) The hot gases in a furnace separated lrom the ambient air by
two separate layers of brick adjacent to each other with 0.15 m thickness, each. The first
brick layer next to the hot gases has a thermal conductivity of 2.5 W/mK. The second layer
next to the ambient air has a thermal conductivity of 1.2 W/mK and a surface emissivity of
0 8 The ambient air and the surrounding room wall temperatures are 25oC. Free convection
heat transfer coefficient between the second layer of brick and ambient air is 20 Wm2K.
Under steady conditions, the outer surface temperature of the second brick layer is measured
as 100oC.

a) Determine the surface temperature of the first brick layer next to the hot gases.
b) Determine the total heat flux transferred from the furnace to ambient.
c) Show schematically the temperature distribution from the furnace interior wall to the
outside air and indicate the corresponding temperature values on your drawing.
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