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1. Question One: Heat Transfer Conduction

A furnace wall consists of 200 mm layer of refractory bricks, 6 mm layer of steel plate, and a 100 mm layer of insulation bricks. The maximum temperature of the wall is 1150C on the furnace side and the minimum temperature is 40C on the outermost side of the wall. An accurate energy balance over the furnace shows that the heat loss from the wall is 400 W/m2. It is known that there is a layer of air between the layers of refractory bricks and the steel plate. Thermal conductivities for the three layers are 1.52, 45, and 0.138 W/m.C respectively. Determine,
i. To how many millimetres of insulation bricks is the air layer equivalent.
ii. The temperature of the outer surface of the steel plate.


Schematic:Steel plate
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Assumptions:
· Steady-state conditions.
· Property of layers to be considered: 
krb = 1.52 W/m.C (Refractory bricks)
ka = ki  (Air gap)
ks= 45 W/m.C (Steel plate)
ki = 0.138 W/m.C (Insulation bricks)



SOLUTION:
i. Heat transfer through the composite wall





Where overall heat transfer coefficient U is,






(5 marks)
Thus,










(10 marks)

ii. Temperature of the outer surface of the steel plate Ts is,







 (10 marks)

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 25C. The total rate of heat transfer through the heat sink is equal to the power dissipated by the component which is equivalent to 1.35 W. The surface temperature of the heat sink is measured to be 55C. The component has a width W = 2 cm and length L = 5 cm. The length L is to be considered as the significant length. An incorporated fan is generating an air flow velocity of 5 m/s. Determine the surface emissivity of the heat sink.


Schematic:

QTotal = QConvection + QRadiation 
Where QTotal = Power dissipated by component through heat sink = 1.35 W
Heat sink temperature
Ts = 55C

Air temperature
Tf =  25C
uf = 5m/s



W = 2cm




L = 5cm







Assumptions:
· Steady-state conditions.
· Constant properties.
· Heat sink thickness is negligible.
· Properties of air at 40C:  = 1.128 kg/m3,  = 0.019×103 kg/m.s, k = 0.0272 W/mK, cp = 1.01 kJ/kg.K






SOLUTION:






Therefore,





(4 marks)



· Determination of h:




(5 marks)
Re < 50×103 therefore the region is laminar and,



With,

(3 marks)
Thus,

(5 marks)
Hence,



(3 marks)

Therefore,







(5 marks)





3. Question Three: Fluid Flow

Water flows down a sloping pipe, which has one end 2.3 m above the other. The pipe section tapers from 95 cm diameter at the top end A1 to 400 mm diameter at the lower end A2. The flow of water is 8.5 tonnes/min. If the frictional losses are equivalent to a head of 120 cm of water, determine the difference in pressure head between A1 and A2.

Schematic:   


D1 = 0.95 m








Water




2.3 m



D2 = 0.4 m













SOLUTION:
Applying Bernoulli’s equation:











a) Applying continuity equation:



Where volumetric flow rate Q is,




  because 1 litre weigh 1 kg for water

 

(5 marks)

Thus,




(5 marks)


(5 marks)




Therefore,



(10 marks)





4. Question Four: Thermodynamics, Open system

An indirect contact (no mixing of fluids) chilled-water heat-exchange unit is designed to cool 5 m3/s of air at 100 kPa and 30C to 100kPa and 18C by using water at 5C. The heat exchanger is to be considered well insulated. Determine the maximum water outlet temperature when the mass flow rate of the water is 1.653 kg/s.

Schematic:







T4 = ?
Sat. liquid water
T3 = 5C
Sat. liquid water
4
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Assumptions:
· Steady-flow process.
· Kinetic and potential energy changes are negligible.
· There are no work interactions.
· Heat loss from the device to the surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the cold fluid.
· The properties of saturated water can be found in Tables A-4.
· Air is an ideal gas, therefore equations  and  can be used.
· The properties of ideal gases can be found in Tables A-2.



SOLUTION:


	System
	Mass balance
	Energy balance

	Entire heat exchanger
	



	




	Water pipe
	

	




	Air pipe
	
	







Using the mass and energy balance from the entire heat exchanger:






(5 marks)

Now we need to determine the enthalpies and mass flow rate of air, 

 	(Table A-4)
(4 marks)


	(Table A-2)


(4 marks)

 	

According to ideal gas equation,




(2 marks)
Thus,

(2 marks)

Transposing and substituting in energy balance, we find:










(4 marks)


According to Table A-4:

 

(4 marks)
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