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answer THREE out of FOUR QUESTIONS 

Equipment or materials required – None
Adnoddau neu ddefnyddiau sydd eu hangen – Dim

A formula sheet is provided for reference.

University approved calculators are permitted.

Assume ‘g’  =  9.81 m/s2.









ONE


Water at ambient temperature 22 °C is heated to a temperature of 85 °C.  This is achieved by a simple heat exchanger design of a two tube pass shell-and-tube configuration, which is supplied with oil through the shell at 190 °C and has a mass flow rate of 1.25 kg/s, and exits the heat exchanger at 150 °C.

The overall heat transfer coefficient is 400 W/m2K and the correction factor for the shell-and-tube heat exchanger is 0.93.  For the properties of the fluids, cp for the oil and water is 2400 and 4180 J/kgK respectively.


(a) Draw a simple schematic of the shell-and-tube type heat exchanger and the associated hot and cold stream inlet and outlet conditions as given.  Also explain why this particular heat exchanger should be analysed as a counter-flow heat exchanger.

(5 marks)

(b) Determine the heat transfer rate for this shell-and-tube heat exchanger.

(3 marks)

(c) Determine the water flow rate required so that the water exit temperature is at the desired temperature of 85 °C.
(2 marks)
(d) What should be the required heat transfer area of the heat exchanger?

(5 marks)

(e) If the oil mass flow rate decreased to 1.0625 kg/s because of fouling of the shell side, what would be the required heat transfer area for all other conditions remaining constant? 

(3 marks)

(f) What are the reasons for incorporating baffles on the shell side of this heat exchanger configuration?

(2 marks)






	TWO


A simple tube-within-tube heat exchanger is used for space heating of an orangery and operated in a counter-flow configuration.  The heat exchanger pipe runs the length of the building of 10 m, and has a hot-cold interface diameter of 50 mm and an outer diameter of 200 mm.  The hot stream carries pressurised water at 3.8 bar, entering at 150 °C at a rate of 130 l/min, and is used to heat air drawn from atmosphere at a rate of 450 l/min and temperature 8 °C.

Data:	Convective surface heat transfer coefficients, hH = 2600 W/m2K;  hC = 8.5 W/m2K
	Density of water at 150 °C is  916.7 kg/m3
	Density of air at 8 °C is  1.255 kg/m3
	Specific heat capacity of water at constant pressure is 4350 J/kgK
	Specific heat capacity of air at constant pressure is 1005 J/kgK


(a) What is the overall heat transfer coefficient of the heat exchanger, and why is it generally possible to ignore heat transfer by conduction?

(5 marks)

(b) Determine the Number of Thermal Units (NTU) for this simple heat exchanger.

(5 marks)

(c) Determine the actual rate of heat transfer across the heat exchanger interface.

(6 marks)

(d) Determine the two outlet temperatures of the heat exchanger.

(4 marks)


	THREE


To improve the cooling efficiency of the oil in a vehicle automatic transmission (gearbox) system, a compact cross-flow heat exchanger is employed.  The hot oil flows on what is considered as the tube side at a rate of 0.25 kg/s, enters at 135 °C and exits at 100 °C.  Air flows through what is considered as the shell side at a rate of 8.5 m3/min and enters the heat exchanger at an ambient temperature of 15 °C.  Assuming that the cross-flow heat exchanger can be modelled as a counter-flow heat exchanger configuration, with a correction factor of 0.93, determine:


(a) The exit temperature of the air from the cross-flow heat exchanger. 

(6 marks)

(b) The required surface area of this compact cross-flow heat exchanger.

(5 marks)

(c) The effectiveness of the heat exchanger design.  

(5 marks)

(d) If a design criterion was that the effectiveness should be no less than 0.75, for all other values remaining constant, what would be the value of the cold stream outlet temperature?

(4 marks)



Data:		Specific heat capacity of oil at constant pressure is 1670 J/kgK

		Specific heat capacity of air at constant pressure is 1005 J/kgK

		Density of air at 15 °C is 1.225 kg/m3.

		Overall heat transfer coefficient is 425 W/m2K


FOUR


A small heat sink (passive heat exchanger) is designed specifically to remove heat from a 32 mm by 32 mm CPU.  The CPU has a Thermal Design Power (TDP) of 35 W, which must be dissipated to atmosphere, which has an ambient temperature of 22 °C.  The ‘heat spreader’ surface of the CPU is a nickel-plated alloy with a thermal conductivity of 145 W/mK, and is 2.0 mm thick.

It is assumed that heat transfer only occurs from the heat spreader surface of the CPU, i.e. there are adiabatic boundary conditions at the bottom and sides of the CPU.  The convective surface heat transfer coefficient is given as 35 W/m2K, which is the same value to be applied to the heat sink.

Square fins totalling 64 in number and having dimensions of 2 mm x 2 mm x 15 mm are arranged in a structured pattern on the heat sink base, which has a thickness of 5 mm.  The complete heat sink arrangement is made from aluminium alloy 6060, having a thermal conductivity value of 209 W/mK.  The heat sink is attached to the CPU surface with a special thermal paste with thermal conductivity 2.4 W/mK and thickness 0.05 mm.



(a) What is the surface temperature of the heat spreader alone, i.e. no heat sink attached?

(4 marks)
(b) What is the overall surface efficiency of the heat sink?

(8 marks)

(c) What is the surface temperature of the heat spreader when the heat sink is attached to the CPU as described above?

(5 marks)


(d) To further reduce the surface temperature of the heat spreader when the heat sink is attached, what means could be employed to achieve this, and what heat transfer property is being increased?

(3 marks)
(4 

FORMULA SHEET






,	where,    		and,		


Log Mean Temperature Difference method:

	  Parallel flow:		&  

			  Counter-flow: &  


Thermal capacity rate:				and,		


Number of Thermal Units method:




For a parallel flow heat exchanger:


For a counter-flow heat exchanger:


If the hot and cold streams contain the same type of fluid, flowing at the same rate, then = 1 and the above equation for counter-flow cannot be solved.


For a counter-flow heat exchanger where = 1, then:	

	and,		

By conservation of energy of the hot and cold streams:
					

Extended surfaces:

Single fin efficiency for adiabatic tip (finite length):		

where;	  ,	       ,    or      

and,      for a prismatic fin.


Overall surface efficiency:		 	where N is number of fins


Total rate of heat transfer:		
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