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MODULE CODE: ACMA6011
ADVANCED THERMOFLUID MECHANICS
TIME:  2 HOURS 


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

(a)	The following expressions are used to express the heat transfer between two fluids in 	heat exchangers with the LMTD (Log Mean Temperature Difference) and the 	effectiveness – NTU (Number of Thermal Units) methods, respectively:

				

				

	Briefly describe what is represented by the terms in both of these equations.

											(5 marks)

(b)	Oil is used to heat water from 15 °C to 60 °C using a simple single shell, two tube 	pass shell-and-tube heat exchanger.  Given that the hot oil flows through the shell 	at 	0.95 kg/s, entering at a temperature of 165 °C and leaving at 135 °C.

(i) Draw a simple schematic of this heat exchanger configuration, showing the relevant hot and cold stream inlet and outlet conditions as given.

(3 marks)

	(ii)	Determine the heat transfer rate (in kW).
											(3 marks)

	(iii)	Determine the water flow rate (in kg/s) required to achieve a water exit 			temperature of 60 °C.
											(3 marks)

	(iv)	Determine the required heat transfer area (in m2).
											(4 marks)

	
(c)	Why should your calculations in part (b) above evaluate the heat exchanger as a 	counter-flow configuration?
											(2 marks)


	Data:
· Overall heat transfer coefficient of 350 W/m2K
· Correction factor of 0.97

	
	Oil
	Water

	Specific heat at constant pressure, cp (J/kgK)

	2350
	4180


	







	TWO


A 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 possible to neglect heat transfer by conduction?

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

											(6 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)	Suggest a design improvement to increase the effectiveness of the heat exchanger.

											(2 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 can 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

A densely populated circuit board has sixty electronic devices attached to it which in total dissipate 24.0 W.  The electronic assembly is considered a critical installation, and hence, the circuit board (2.5 mm thick) is constructed from a material having a high thermal conductivity (20 W/mK) so that the heat generated from the devices is spread out evenly over the 8 cm by 20 cm area of the board.

[bookmark: _Hlk510007110]The back-side of the board is cooled with air at 20 ⁰C with a heat transfer coefficient of 25 W/m2K.  To obtain a worse-case estimate, no heat transfer ability is taken into account for convection from the device side of the circuit board.

If 400 pin fins, 2 mm in diameter and 2 cm long are attached to a copper plate (1.5 mm thick, k = 400 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) an individual fin efficiency assuming that the fin is manufactured from copper

(5 marks)


(c) 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).

(6 marks)

(d) If the air temperature was to decrease from 20 ⁰C to 18 ⁰C, and the temperature of the surface of the circuit board was allowed to remain at the same value determined in part (c), what would be the required overall surface efficiency to achieve this condition?

(3 marks)


(e) Suggest a simple method of improving the heat transfer from the circuit board, by the addition of a separate device which will not alter the arrangement as evaluated in part (c) above; i.e. it will have no contact with the pin fin and plate structure.

(2 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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