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Equipment or materials required – 
Adnoddau neu ddefnyddiau sydd eu hangen – 

i. Calculator
ii. Formulae Booklet 1 – General
iii. Formulae Booklet 2 – Convection
iv. Formulae Booklet 3 – Thermodynamics
v. Thermodynamics Tables



1. QUESTION 1 (25 marks): Heat Transfer, Conduction

Water flows through a cast steel pipe with an outer diameter of 104 mm and 2 mm wall thickness. The pipe is lagged with insulation having an outer diameter of 300 mm, and thermal conductivity of k = 0.05 W/mK. If the heat loss Q is 7.4134 W/m, determine the thermal conductivity of steel knowing that the inner pipe wall temperature T1 is  and the outside lagging layer temperature T3 is .








Steel
Lagging
 7.4134 W/m
















2. QUESTION 2 (25 marks): Heat Transfer, Convection

A printed circuit board dissipates 100 W from one side over an area 0.3 m by 0.2 m. A fan is used to cool down this board with a flow speed of 12 m/s parallel to the longest dimension of the board. Calculate the surface temperature of the board for an air temperature of 30C. Take an ambient pressure of , ideal gas constant for air  , ,  and .

Notes: 
· Air is considered as an ideal gas.
· To determine the density  use the ideal gas equation.






3. QUESTION 3 (25 marks): Fluid Dynamics

A horizontal pipe tapers uniformly from a diameter of 140 mm to a diameter of 80 mm and carries oil of density 850 kg/m3. The pressure at the wider diameter section is measured as 80 kPa and that at the smaller diameter section as 50 kPa. If frictional losses are neglected, calculate the velocities at both sections and the volumetric rate of flow.


4. QUESTION 4 (25 marks): Thermodynamics, Steady Flow Open System

Steam, as saturated vapour, enters the condenser of a steam power plant at 20 kPa with a mass flow rate of 5.6 kg/s. It is to be cooled by water from a nearby river by circulating the water through the tubes within the condenser. To prevent thermal pollution, the river water is not allowed to experience a temperature rise above 10C. If the steam is to leave the condenser as saturated liquid at 20 kPa, determine the mass flow rate of the cooling water required. Heat loss from the power plant to the surroundings is equivalent to 2% of the heat transfer to the cold fluid. 
3

Steam / Sat. vapour
 kg/s
P3 = 20 kPa
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 = 0.02 × 
1
Water
T1 

4
P4 = 20 kPa
Sat. liquid
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Notes: 
· This is a steady-flow process since there is no change with time.
· KE and PE changes are negligible.
· There are no work interactions.
· Liquid water is an incompressible substance with constant specific heat c at room temperature.
· The cooling water exists as compressed liquid at both states, and its specific heat at room temperature is c = 4.18 kJ/kg.C
· For an incompressible substance and constant-pressure process: 
· You will need to use Tables A-5.
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