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Closed book. Al caleulators allowed. I each problem, state any assumptions you need to make.

1. (7 marks total) Give brief answers o the following questions:
(2) (1 mark) Give two statements of the second lav of thermodynarics.

(b) (2 marks) A perfect gas passes through a throttling process. Describe how the temperature of the
gas changes. Give reasons for your answer.

(©) (2 marks) Name three sources of irreversibility in thermodynamic processes.

(d) (2 marks) Write the definition of the coefficient of performance of a refrigeration cycle. If a
reversible refigeration cycle operates between thermal reservoirs at temperatures Tyor and Teoyss
how will ts coeficient of performance vary with changes in these two temperatures?

2. (5 marks) A steady flow of 5 ke/s of water enters 2 pump at 20°C and 100 kP, and is aised to
a pressure of | MPa. Assuming an adiabatic reversible process, determine the power required to
drive the pump and the cxit temperature. Skeich a T-s diagram of this process, showing the
saturation region.

3.(11 marks tofal) A cylinder B conneced through a valve to  tank
A containsa piston, upon which presses a lincar spring. Initially, the
piston sis at the bottom of the cylinder (¥, = 0) , and the spring
force is zero, 50 that the pressure Py, = 101 kPa (i, atmospheric
pressurc). The spring constant i such that a pressurc of 2= 0.5 MPa
in the cylinder would raise the piston against the spring to a volume.
of = 0.03 m. The tank has a volume = 0.1 v, and initially
contains air at 500 kPa and 27°C. The valve is then opened and i
flows into cylinder B until a final pressure of Pr, = 200 kPa is
reached,at which point the valve is closed again. During this process the temperature in both A and
B remains constant at 27°C.

(@) (1 mark) Show the process in cylinder B on a P-V diagram.

(b) (6 marks) Calculate the final volume in B and the work done.

(¢) (4 marks) Determine the final pressure in A and the heat transfer.
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4.(12 marks total) An aircraft engine compressor compresses asteady air flow of 120 kg/s from an
initial state of 100 kPa and 27°C to a final pressure of 4 MPa. The air enters the compressor ata
velocity of 200 ms and leaves at 100 s

() (4 marks) Assuming adiabatic reversible compression, determine the temperature at the
compressor autlet. Do not assume constant specific heats.

(b) (4 marks) Determine the power input to the compressor in kW.

(©) (3 marks) Caleulate the cross-sectional area of the flow at the comressor inlet.

(d) (1 marks) Sketch this process ona T-v diagram.

(N.B.if you think the air flow is too large - these are real numbers for a Rolls-Royee Trent 10001)

5. (12 marks total) A steady flow steam turbine is controlled by &
valve, as shown in the sketch. Steam enters the valve at P, =5.0 1 4 2

MPaand 7, = 350°C and is educed in pressure down 0 7, =30 <

'MPa. The steam then expands in the turbine t0.a final pressure of w
20 kPa. The valve and turbine are well insulated, and the trbine

‘may be assumed to be reversible.

(%) (5 marks) Determine the state (temperature or quality, utine
‘whichever is appropriate) at point 2, following the valve.

(b) (5 marks) Determine the mass flow of steam through the

turbine in kgs, if the power output of the turbine is 20 MW.

(©) (1 marks) Sketch a T-s diagram for his system, showing the saturation region.

(@ (1 marks) L now the turbine is not reversibl, determine the power output of the turbine ifits
isentropic efficiency is 0.85

6.(13 marks total) An insulated cylinder with a piston initially
contains 0.1 m’ of saturated steam at 300 kPa, of which 10% by
‘volume is liquid. The cylinder is connected by a valve to a line
flowing steam at 1 MPa and 400°C.

(@) (3 marks) Caleulate the initial mass of steam in the cylinder =
and the inital quality 7, /—

(b) (7 marks) The valve is then opened, and steam from the fine d

is allowed to flow into the cylinder until a final temperature of

150°C i reached. During this process the pressure exerted by

the piston remains constant, Determine the final mass of steam

in the cylinder and the work done.

(¢) (3 marks) Write an entropy balance for the system and from it state whether the process is
versible.
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