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Thermofluid Mechanics
EXAMINATION 2017-18
SOLUTIONS


QUESTION ONE (25 marks)
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Where  and  is the overall heat transfer coefficient,








5 marks
Where,






10 marks

Also,




5 marks
And,




5 marks




QUESTION TWO (25 marks)
 
According to Newton’s law of cooling,







5 marks
We will consider the positive value for h as the sign bears no real meaning other than indicating the direction of heat flow.The velocity we are looking for


Reynolds number is given by,


Nusselt number is given by,

2.5 marks
Prandlt number is given by,

2.5 marks


This is a forced convection problem where a fluid in turbulent flow inside a circular tube is cooled down. Therefore the following relationship applies (Table 1 from convection formulae booklet)

5 marks







5 marks

Therefore,





5 marks


QUESTION THREE (25 marks)11 m


ΦA = 0.1 m
Pressure headA = 24 m
Water
flow
ρ =  1000 kg/m3
frictional losses:   hf = 1.5 m
Pressure headB = 13.5 m



ΦB = 0.15 m
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a) Applying Bernoulli's equation:





5 marks


Applying the continuity equation gives:









Substituting vA in Bernoulli’s equation gives:











5 marks

Therefore:



2 marks

The volumetric flow rate Q is given by:











5 marks





The mass flow rate  is given by:










5 marks

b) The energy lost in friction, i.e. the loss of power, is given by:


loss of power = mass flow rate  g  hf



kg/s	      m
J/s  or  Watt	     m/s2


Therefore:




3 marks








QUESTION FOUR (25 marks)

	System
	Mass balance
	Energy balance

	Entire heat exchanger
	



	




	R-134a Pipe
	

	




	Water tank
	
	






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




5 marks

Now we need to determine the enthalpies at all four states. Water exists as a compressed liquid at both the inlet and the exit since the temperature at both locations are below the saturation temperature of water at 300 kPa (133.52C). Approximating the compressed liquid as a saturated liquid at the given temperatures, we have:

             (Table A-4)
4 marks

The refrigerant enters the condenser as a superheated vapour and leaves as a compressed liquid at 1MPa. From refrigerant-134a tables,

 	(Table A-13)

    	(Table A-12)
4 marks

Substituting, we find:





5 marks


b. To determine the heat transfer from the refrigerant to the water, we have to choose a control volume whose boundary lies on the path of heat transfer. We can choose the volume occupied by either fluid as our control volume. If we choose the volume occupied by the refrigerant,







7 marks

Discussion:
Had we chosen the volume occupied by the refrigerant as the control volume, we would have obtained the same result for  since the heat gained by the water is equal to the heat lost by the refrigerant.
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