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1. Question One: Heat Transfer Conduction (25 marks)

A composite furnace wall is made of fire brick, an air space and an outside of building brick. The thickness of the fire brick is 120mm, the air space is 10 mm thick and the width of the building brick part of the wall is 100 mm. The furnace wall temperature is 1200C and the outside brick temperature is 50C. Given that the steady state of heat flow has been reached and the respective thermal conductivities are:
k fire brick = 0.72 W/ m.C
[bookmark: _Hlk126405729]k air = 0.034 W/m.C
k building brick = 1.33 W/m.C
           

i. Find the temperatures T2 and T3 at the respective interfaces as shown in the diagram.                                                                                                        [20]
ii. Determine the rate of heat transfer dQ/dt through the composite wall.        [5]                                                                                                                                                

Diagram: 
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2. Question Two: Heat Transfer Convection + Radiation (25 marks)

	The power of an electronic component is dissipated through a rectangular horizontal heat sink by convection and radiation into surroundings at 18C. The total rate of heat transfer through the heat sink is equal to the power dissipated by the component which is equivalent to 2.3 W. The surface temperature of the heat sink is measured to be 63C. The component has a width W = 15 mm and length L = 68 mm.  An incorporated fan is generating an air flow velocity of 5.5 m/s. The coefficient of convection ‘h’ at this velocity is calculated to be 45 Wm-2 k-1. Determine the surface emissivity of the heat sink.


Schematic:

QTotal = QConvection + QRadiation 
Where QTotal = Power dissipated by component through heat sink = 2.3 W
Heat sink temperature
Ts = 63C

Air temperature
Tf =  17C
uf = 5.5 m/s



W = 15 mm




L = 68 mm







Assumptions:
· Steady-state conditions.
· Constant properties.
· Heat sink thickness is negligible.
·   σ =5.67 x 10-8 W m-2 k-1 





3. Question Three: Fluid Flow (25 marks)

A 6 cm constant diameter pipeline falls a vertical distance ‘d’ from the open oil reservoir opening as shown in the schematic. The pipeline is inclines at 55 from the horizontal. The density of the oil is 940 kg/m3. The pipeline discharges the oil in the atmosphere at a rate of 45 kg/s. The head of oil above the pipeline entrance is 6 m and the loss of head due to pipe friction is 2 m. Determine,
            (i)The fluid velocity at B                                                                                           [5]
           (ii) The vertical height ‘d’ from the reservoir opening to the point of discharge B.	[15]
           (iii) The length of the pipeline.	[5]

Schematic:
[image: ]Density ρ = 940 kg/m3
frictional losses:   hf = 2.0 m
Φpipe = 0.06 m












4. Question Four: First Law of Thermodynamics Applied to Open Systems. (25 marks)
 In a gas turbine, unit gases flow through the turbine at the same height and at a steady rate of 
17kg s-1. The Power (rate of working) developed by the system is 14000 kW. The specific enthalpies of the gases at the inlet and the outlet are 1200 kJ kg-1 and 369 kJ kg-1 respectively. The velocities of the gases at the inlet and outlet are 60ms-1 and 150 ms-1 respectively. 
[image: ]
(i) State the steady flow equation for an open system defining all the terms. 
By writing this equation in terms of enthalpy, calculate:-       
                                                                                                                            [5]
(ii) The rate at which heat is rejected/added to the turbine (dQ/dt).                                         [15]
(iii) Find the area of the inlet pipe given that the specific volume of the gases at the inlet is 
0.5 m3 kg-1                                                                                                                            [5]   

END OF PAPER
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- 3. Question Three: Fluid Flow (25 marks)
° A 5 cm constant diameter pipeline falls a horizontal distance h of 3 m from the open oil
- reservoir opening as shown in the schematic. The pipeline is inclines at 55° from the
- horizontal. The density of the oil is 943 kg/m?. The pipeline discharges the oil in the
- atmosphere at a rate of 50 kg/s. The head of oil above the pipeline entrance is 6 m and
© the loss of head due to pipe friction is 1.75 m. Determine,
~ i. The vertical height d from the reservoir opening to the point of discharge B.  [20]
N ii. The length of the pipeline. [51
9: Schematic:
o A
- 6m
s
- !
- Density p = 943 kg/m?
9 frictional losses: hf=1.75m
N Dpipe = 0.05m
- B
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