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Special requirements:


Steam tables
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1. Oil at 20(C flows in the 3 cm internal diameter pipe shown in Figure Q1.  For the pressure measurements indicated:

(a)
Determine whether the flow is up or down
(10)

(b) Find the volumetric flowrate (Q).  The head loss due to friction hf is given by
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in the case of laminar flow.  (All terms have their usual meaning).
(6)


(c)
Verify that the flow is laminar.
(4)



Use ( = 917 kg/m3 and ( = 0.290 kg/ms for the oil.
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Figure Q1

2. Flow through the venturi section of a pipe develops a low pressure which can be used to draw fluid upwards from a reservoir, as shown in Figure Q2.  Using Bernoulli’s equation with no losses, derive an expression for the exit velocity (v2) which will cause the reservoir fluid to rise a distance (h) in the tube up into the venturi section.
(20)
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Figure Q2

3. The water tank in Figure Q3 is being filled through pipe 1 with a velocity of (v1) 4 m/s and through pipe 3 at a volume flowrate of (Q3) 0.01 m3/s.

(a)
If the water level is constant, determine the exit velocity (v2).
(10)

 (b)
The exit velocity is increased to 6 m/s.  If the height of the water in the tank is denoted by h, find the rate of change 
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(10)
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Figure Q3

4. In order to measure the mass flowrate of a fluid in a pipe, an orifice plate (a thin disc with a hole in the centre) is placed in the pipe (Figure Q4).  The pressure difference (p measured across the plate via a standard manometer, is related to the flowrate by the expression
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where M is the mass flowrate, CD is the non-dimensional discharge coefficient, Ai is the cross-sectional area of the hole in the orifice plate and ( is the ratio of inner to outer plate diameters.


A U-tube manometer containing water is used to measure (P for a flow of air in a


 70 mm internal diameter pipe.  The height difference in manometer levels is h = 2 cm.


With CD = 0.62, 
( = 0.7, (air = 1.46 10-5 m2/s and (air = 1.23 kg/m3

Determine:


(a)
the mass flow rate
(12)


(b)
the mean air velocity in the pipe
(4)


(c)
the Reynolds number
(4)
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Figure Q4

5. Five kilograms of steam are contained within a piston-cylinder assembly.  The steam undergoes expansion from an initial state, where the specific internal energy is 2709.9 kJ/kg, to a final state with specific internal energy 2659.6 kJ/kg.  During this process the heat transfer to the steam is 80 kJ.  Furthermore, 18kJ of work is transfered to the steam via a paddle wheel.

(a)
Write down the appropriate form of the energy equation.
(10)

(b)
Calculate the work transfer (kJ) by the steam on the piston during the expansion process?

(10)

6. A steady flow of steam enters a convergent-divergent nozzle at p1 = 40 bar, T1 = 400(C and a velocity of 10 m/s.  It flows adiabatically to the exit where the pressure is 15 bar and the velocity is 665 m/s.  The mass flow rate is 2 kg/s (see figure Q6).

(a)
Write down the appropriate form of the steady flow energy equation explaining why any terms can be ignored.
(8)


(b)
Find the specific volume and the specific enthalpy at the exit.
(7)

(c)
Determine the exit area of the nozzle
(5)
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Figure Q6

7. A quantity of CO2 gas contained in a piston cylinder arrangement is in an intial thermodynamic state A, occupying a volume of 0.5 m3 at an absolute pressure of 2 bar.  It undergoes a reversible compression by one of two alternative paths to a final thermodynamic state B, where it occupies a volume of 0.25 m3.  The two compression paths are:

(a) a polytropic compression pV1.4 = constant,

(b)
an isothermal compression pV = constant from state A to a volume of 0.25 m3 followed by a change of pressure at constant volume until state B is reached.  Draw a p-V diagram for each compression path and find the work done on the gas in each case.
(20)

8. A vapour compression plant using R134a operates with an evaporator pressure of 2 bar and a condenser pressure of 8 bar.

(a)
If the cycle is ideal, i.e vapour entering the compressor is saturated at 2 bar and liquid leaving the condenser is saturated at 8 bar, calculate the coefficient of performance.
(10)

(b)
If conditions in part (a) are changed such that the evaporator exit temperature is now 273.1 K, calculate the new coefficient of performance.
(10)
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