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answer all questions


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



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

The composite walls of a furnace are made of Insulation and a solid furnace liner with an air gap between them as shown in the diagram below.  The maximum heat transfer rate is designed to be 1400W.  Determine the thickness of the furnace liner when the air gap is 12mm and the insulation has a thickness of 50mm.  The inside temperature is 1275C and the outside temperature surface is 35C.




Internal surface
1275C

Insulation


Furnace Liner

External surface
35C
Air Gap






50 mm
12 mm
x





Furnace Liner, 	kFL =1.292 W/mK
Air gap, 		KA = 0.034 W/mK
Insulation,		KI = 0.12 W/mK



2. QUESTION 2 (25 marks): Thermodynamics, steady-flow process

In a manufacturing process water needs to be supplied to the equipment at 40C.  There is a hot water storage tank that supplies the process and the water in the tank is kept at 80C.  When the water leaves the hot water storage tank with a mass flow rate of 0.6 kg/s it enters a mixing chamber where it is mixed with a cold water stream of 10C before it enters the manufacturing process as shown below.  Determine the mass flow rate of the cold water. 

Hot water storage tank
80C

 = 80C
 = 0.6 kg/s



 = 40C

 = 10C






Assumptions: 
· This is a steady-flow process since there is no change with time. 
· Changes in KE and PE of fluid streams are negligible.
· There are no work interactions.
· The mixing chamber is well-insulated so that heat loss to the surrounding is negligible.
· The water in all 3 streams exists as a compressed liquid, which can be approximated as a saturated liquid at the given temperature.
· Table A-4 will be required.

[image: ]


3. QUESTION 3 (25 marks): Fluid Dynamics


An open oil reservoir discharges through a 25mm diameter pipe into an open tank 18m below.  The loss of head due to pipe friction is 2.75m. The oil in the reservoir is 4m deep as shown in the schematic below.  The relative density of the oil is 0.85.  Determine;

a) The mass flow rate discharge at the bottom of the pipe into the open tank

b) The loss of power in kw due to the pipe friction.



A
4m

 




18m







B




4. QUESTION 4 (25 marks): Convection


[bookmark: _GoBack]In a forced convection situation, there is 0.04 kg/s of carbon dioxide gas at 450 K flowing in a pipe of 25mm diameter. 

For the viscosity take



Calculate the Reynolds number and state whether the flow is laminar or turbulent.
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