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answer THREE out of FOUR QUESTIONS 

Equipment or materials required – None
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A formula sheet is provided for reference.

University approved calculators are permitted.

Assume ‘g’  =  9.81 m/s2.









ONE


Milk is generally pasteurised in a process known as High Temperature Short Time (HTST) heat treatment, and requires heating milk to 71.7 °C for at least 15 seconds (and no more than 25 seconds).  This HTST process is achieved using a stainless steel plate type heat exchanger in a continuous system.

The milk enters the heat exchanger at ambient temperature of 18 °C, and is heated by saturated steam on the ‘hot side’ which enters at 160 °C at a mass flow rate of 2.0 kg/s, and exits the heat exchanger at 120 °C.  The overall heat transfer coefficient of the heat exchanger is given as 1.2 kW/m2K.

Data:
· Specific heat capacity of steam at 160 ⁰C is 2300 J/kgK
· Specific heat capacity of milk is 3930 J/kgK


(a)	Draw a simple schematic of the plate type heat exchanger, showing a typical counter-flow configuration and the associated hot and cold stream inlet and outlet conditions as given.

											(4 marks)

(b)	Determine the heat transfer rate of the plate heat exchanger.

											(3 marks)

	
(c)	What is the required mass flow rate of the milk in order to ensure the desired outlet temperature of 71.7 °C?
											(3 marks)


(d)	Determine the necessary heat transfer area of the plate heat exchanger.

											(5 marks)

(e)	If the mass flow rate of the steam supply was to reduce to 1.8 kg/s as a result of a supply valve not operating correctly, determine the ‘new’ value of heat transfer rate, and the change in mass flow rate of the milk in order for the pasteurisation treatment to function correctly.

											(5 marks)





	TWO


A simple counter-flow concentric tube heat exchanger of length 10 m, has a hot-cold interface diameter of 50 mm and an outer diameter of 100 mm.  The hot stream carries water at 125 l/min, entering at 80°C.  This is used to heat air drawn from atmosphere at a rate of 500 l/min and temperature 20 °C.  If the convective surface heat transfer coefficients of the hot and cold streams are 2619 and 8.5 W/m2K respectively, determine:


(a)	The overall heat transfer coefficient, ignoring the conduction resistance.  Why is it generally possible to neglect heat transfer by conduction?

											(3 marks)
(b)	The Number of Thermal Units (NTU) for this heat exchanger.

											(5 marks)
(c)	The effectiveness for this heat exchanger.

											(3 marks)
(d)	The amount of heat transferred from the hot to the cold stream.

											(2 marks)
(e)	The outlet temperatures of the hot and cold streams.

											(3 marks)

(f)	If the inner tube of the concentric tube heat exchanger was made from low carbon steel with a thermal conductivity of 54 W/mK and wall thickness 2.5 mm, what would be the rate of heat transfer for this given design consideration?  All other given properties and data are assumed to remain unchanged.

											(4 marks)

	Data:

	Density of water at 80 °C is 972 kg/m3

	Density of air at 20 °C is 1.2041 kg/m3

	Specific heat capacity of water at constant pressure is 4180 J/kgK

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


	THREE


Modern high power personal computers use water-cooling to dissipate heat from the CPU and reject it to air.  The water and air commonly exchange heat in a single-pass cross-flow heat exchanger with both fluids unmixed.  In a particular example, water flows on the tube side at 0.001 kg/s and reduces in temperature from 70 ⁰C to 30 ⁰C.  Air flows on the shell side at 1.0 m3/min and enters at 20 ⁰C.  Assuming that this single-pass cross-flow heat exchanger can be analysed as a typical counter-flow heat exchanger, and the correction factor is found to be 0.94, determine:

(a) 	the heat transfer rate (in kW)
											(3 marks)

(b)	the surface area of the heat exchanger
											(8 marks)

(c)	the performance (i.e. effectiveness) of the heat exchanger, and critically evaluate its performance by referring to the theoretical maximum heat transfer rate.
											(6 marks)

(d)	If a design criterion was that the effectiveness should be no less than 0.65, for all other values remaining constant, what would be the value of the cold stream outlet temperature?

											(3 marks)



Data:

Water properties:		cp = 4209 J/kgK

Air properties:			cp = 1005 J/kgK , ρ = 1.2041 kg/m3

Heat exchanger properties:	U = 250 W/m2K


FOUR


One of the microprocessors used in a remote weather station consists of a circuit board which
 in total has eighty electronic devices attached to it.  These devices together generate 32W of
heat that must be dissipated to atmosphere.  In order to aid the heat removal, the circuit board 
(2.0 mm thick) is made of a material having a thermal conductivity value of 22 W/mK and 
measures 12 cm by 20 cm.

The side of the circuit board opposite to that of the attached devices is cooled with air at 
28⁰C , with a heat transfer coefficient of 25 W/m2K.  Assume that no heat transfer occurs by 
convection from the device side of the circuit board.

If 609 equally spaced pin fins, 2.5 mm diameter and 2.5 cm long are attached to an 
aluminium plate (2.0 mm thick, k = 177 W/mK), which is epoxy bonded to the circuit board, 
and the epoxy adhesive (k = 2.0 W/mK) is 0.1 mm thick, determine;



(a) the temperature of the surface of the circuit board when no fins are attached

(4 marks)


(b) the temperature of the surface of the circuit board when the fin and plate arrangement is attached to the circuit board (it should be assumed that the total rate of heat transfer to be dissipated from the fin and plate structure is the same value as that used in part (a) above)

(10 marks)


(c) In an attempt to reduce the temperature of the surface of the circuit board further, the plate and fin array is to be replaced with one of exact same dimensions but manufactured from copper (k = 400 W/mK).  Determine the reduction in circuit board surface temperature with this modified plate and fin array, compared to the aluminium design.

(6 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 pin fin.

Overall surface efficiency:		 	where N is number of fins


Total rate of heat transfer:		
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