MM3HTR-R1
10
MM3HTR-R1
[bookmark: _GoBack]
The University of Nottingham
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	ADVANCED HEAT TRANSFER

Model solutions


Q1: Describe what happens in film boiling during a pool boiling process. How does this affect the heat transfer?  (3 marks)

A1: Film boiling occurs at high surface temperatures (typically above 300°C), it starts when the temperature difference is significantly above boiling point (1 mark). At this point a vapour layer is created between the heated surface and the liquid (1 mark)  and this insulates the pool from heat transfer and heat flows are adversely affected.(1 mark) 


Q2 A grain of rice can be approximated by a cylinder that measures approximately 15 mm long and 3 mm diameter. It needs to be heated to 70 C to initiate the breakdown of the starches so it can begin to expand as it absorbs water. If you drop the grain into a pan of boiling water at sea level, how long will it take for the centre of the rice grain to reach 70C, if it was stored in a dark cupboard at 15 C prior to being dropped into the pan?  Since length is much longer than the radius, use the Heisler chart for an infinite cylinder. (6marks)

Thermal heat capacity, Thermal conductivity 
Thermal diffusivity, Heat transfer coefficient: 

Ans 2
Temperature ratio: (2 mark including 1 for knowing boiling at 100C)

Biot number of infinite cylinder: (1 mark)
	

Fourier number from the Heisler chart is  ( 2 mark)+ 1 mark for seconds.
So 


Q3: Weins displacement law states that the wavelength with maximum intensity in the black body radiation spectrum is relate to the Temperature by: 



If a heating element is glowing with a predominant colour with a wavelength of 650 nm, what will be the temperature of the element? (2marks)

A3: Simply 2 marks for the following.




Q4: In the case of a turbulent boundary layer flow over a flat surface, the overall Nusselt number correlation is:

What will be an equivalent correlation from mass transfer, i.e.  relating the Sherwood number , to the Schmidt Number , and Reynolds number where is the mass diffusivity of the situation?    [3 marks]

The mass diffusivity of water to air is. A flat plate of length 1 meter is covered with water. Air blows over at a speed of 20 m/s. The water and air are at the same temperature of 27C. What will be the overall mass transfer coefficient in this situation? [5 marks]

A4: In this case replace  with , and Pr with Sc to get: 1 mark for each substitution

The kinematic viscosity of air at 27C is . (1 mark)
This means that the Reynolds number is  (1 mark)

The Schmidt number is (1 mark)	

The overall Sherwood number is: (1 mark)

Using the definition of the Sherwood number we get: (1 mark)




Q5: Draw and clearly label a resistance network that can be used to solve the radiation heat transfer between three surfaces at temperatures T1, T2 and T3. All surfaces are grey bodies. 

A5: 2 marks for correct network. ½ mark for labelling each resistance clearly. ½ mark for each radiosity. ½ mark each for the potentials (8 marks total)















Q6: Explain the term “radiosity” and “view factors”. (4 marks)	

A6: Radiosity is the net radiation emitted from a grey body (1) and composes of both the reflected and emitted radiation (1). The view factor is the proportion of radiation that is emitted by a surface (1) that falls onto a second surface(1).


Q7: Define Biot number and explain its physical meaning. If a hot solid body that is plunged into a cold liquid remains hot at the centre and cools down quickly at the surface, in what range is the Biot number; >> 1 or << 1.  (3 marks)

A7: Biot number is the ratio of the rate the energy enters a lump of material divided by the rate energy is transferred through a material (2). The Biot number is larger than 1. (1 mark) (total 3 marks)	


Q8: Briefly, state the relationship between the absorption and emission of radiation through Kirchoff’s Law.   (3 marks)

A8: Kirchhoff’s law states that the absorption and emission of a body at the same wavelength are equal to each other. ( 1 mark for “same” 2  marks for wavelength comment)


Q9: What is thermal contact resistance? Explain why the use of “thermal greases, pastes or gels” can improve heat transfer performance. (3 marks)

A9: Contact resistance is what happens because the join of two material contains gaps(1). These gaps (usually filled with air) will act as a barrier to the transportation of heat (1) and can be categorised by the use of a thermal resistance value called the contact resistance. Thermal greases etc will fill the gap and offer an easier path for the heat to travel over the gap.(1)


Part B:
10.
a) There is a vacuum between the walls (2). This means there is no convection or conduction (2). (4 marks)
b) To do this we need the two areas, the inner  and the outer :


The view factor from the inner to the outer surface is 1 since it only sees the outer wall.
The view factor from the inner wall to inner wall is 0.
So , and .
From Reciprocity, 
From view factor algebra: 
So for 6 mark (2 for areas and 1 each for view factors):


c) The following 

i) The temperature of the wall will be about 34C. We can use the film temperature of 27C (300K) to make it easier.
The parameters are:




(6 marks: 1 mark for film temperature, 1 mark each plus extra mark for calculating alpha)
ii) This gives a Rayleigh number of:

(3 marks)
Subs into equation gives


(4 marks)
iii)   We can use the energy conservation here.  (1 mark)
The energy radiated from the inner wall is  
The energy lost from the outer wall is 
These are equal and opposite so:
So

		5 marks (one for each equation above)
iv) Use the values above, so:


To complete this we need to obtain the material properties at the film temperature again (2). Use them to calculate a new heat transfer coefficient (2). Then use this to calculate a new value of the Surface temperature (2).  (8 marks: 2 for equation and answer and two each for each sentence above )

v) An additional term would increase the overall resistance. Since the temperature gradient stays the same, adding an additional thermal resistance would decrease the flow of heat from the flask (4 marks)





11.	An Aluminium Plate placed on top of a computer processor has a surface area of 100 mm X 100 mm. The processor must be at a temperature below 180C. Considering all heat generated is leaving from the top surface of the processor and taking the ambient air temperature as 20C:

a) State the length that should be used for the empirical correlation in this case and why?  [6 marks]

The characteristic length should be used.(2 marks) The buoyancy force is not acting in along the plate, but away from it so other lengths are not physically important.(2 marks)

Characteristic length , is Surface area/perimeter. (2 marks)



b) Estimate the air properties for this problem. 
First we need the film temperature. This is . Use 375K from tables so we do not have to iterate.
The properties are:


So thermal diffusivity can be calculated as: 



1 marks for using film temperature. 1 marks for each for each property. (6 total)

c) Estimate the heat transfer coefficient for horizontal top surface plate,
 



First calculate Rayleigh number so we can choose the correct equation. (2 marks)



So use first equation. (2 marks)

So overall heat transfer coefficient is: (2 marks)

(6 marks)
d) The worst case heat transfer is simply (4 marks)


e) Assuming that this heat transfer coefficient is a constant, estimate the thermal resistance of the heat loss from the plate if 4 fins of length 10 cm and diameter 2 cm are added to the surface of the plate. The fin efficiency can be assumed to be 90%. (8 marks)
	

The Wetted surface area of one fin is given by: (2 marks)

The interfin area  is given by: (2 marks)

Total heat loss  is given by the heat lost from the 4 fins plus the heat loss from the interfin area: 

So thermal resistance of fins are: (4 marks)

f) Assuming that we will dissipate the same heat as the no fin case, what will be the temperature of the surface with the fins attached. [4 marks]

g) Discuss the effect of increasing the length of the fins on the overall heat loss from the surface. Consider the effect of the length on the efficiency and area of the fins. Use figure QB2 to aid your discussion.(6 marks)

Doubling the length of the fins will almost double the wetted area ( 2 marks). The graph shows that doubling L will not half the efficiency. ( 2 marks)Therefore doubling the length of the fins will increase overall heat loss but not by twice as much. ( 2marks)





12.	 a) From page 16 of thermodynamic tables, one can find the properties of air at the film temperature. This is 273+(27+127)/2=350 K (2 mark) :
k=0.03003W/mk, ν=2.056×10-5  m2/s, Pr=0.697.
(3 mark)
=1.846×10-5  kg/ms,	(1 mark)
At the surface of the ball, the dynamic viscosity of the air is  μs=2.181×10-5  kg/ms.
(1 mark)
Therefore, 

                       (1 mark)



              (2 marks)
 
=141.6                                                                                  (2 marks)

Then the average convection heat transfer coefficient becomes (2 marks)


Area of a sphere is : 
Thus the rate of heat transfer between the ball and air is


                 (2 marks)

(16 marks total)

b) 333.71 W (1 mark). The energy lost must equal the energy gained (2 marks) (3 marks total)

c) To derive this we need some parameter.( 7 marks total)

The Volume of the sphere is:    (1 mark)
The final initial temperature differences are:  and. (2 marks)
Calculate the temperature in seconds (3 marks)

		This is 254.2 minutes. (1 mark)



d) One can also check if the Lumped Capacity approach is valid here.  (4 marks total)
At first, check Biot number <0.1 :)( 1 mark)

                                      (2 marks)
Bi <0.1 so lumped capacitance is valid ( 1 mark for statement)

e)  One can calculate the Bi and  numbers.(2 marks each)
                                                         (2 marks)


                                                                         (2 marks)
      

Estimating from the charts given suggests that Fo~0.8.                (2 marks)
So 
           

(2 marks)
t=2252s                                                                               (1 mark)
t=37 minutes 32 seconds.	(1 mark)

(10 marks total)
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