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QUESTION 1 

 

1.1. Show that A2F21 = A1F12 for two infinitely large parallel flat surfaces of 

unequal size.         (6) 

1.2. A round black body ball of diameter 0.1m at an initial 

temperature of 527oC is suspended in the centre of a spherical 

oven of diameter 1m, filled with air at a temperature of 677oC 

and lined on the inside with brick at a temperature of 1027oC.  

The brick lining exhibits the same non-grey body 

characteristics as kaolin.  Calculate the net radiation heat 

transfer to the ball.  Show view factors in your calculations.             (15) 

 [21] 

QUESTION 2 

 

Steam at 1 atmosphere needs to condense at a rate of 0.001kgs-1 on 

the outside of a tube with inside and outside diameter of 0.10m and 

0.12m respectively and length 2m.  The (turbulent) water flowing 

inside the tube is at 330K (average Tm) to provide the cooling, and 

the thermal resistance of the pipe is negligible. 

2.1. What should the temperature of tube surface be?       (35) 

2.2. What should the Reynold’s number (Re) of the cooling 

water inside the tube be to ensure such a surface temperature?            (18) 

 [53] 

QUESTION 3 

A flat slab of naphthalene of dimensions 20cm × 

10cm × 1cm (l×b×t) is exposed at the top to (fresh) 

air flowing at 12ms-1.  The MW naphthalene = 

128.16gmol-1, and the vapour pressure of 

naphthalene for the operating conditions (Total 

pressure = 1atm and 27oC) is 11.9Pa, with 

DAB=0.62×10-5m2s-1.  Mass transfer from the ends of the slab may be neglected. 

3.1. Draw a diagram of the naphthalene concentration profile above the plate.(10) 

3.2. Estimate the mass loss (g) of naphthalene after 24 hours of exposure to the air.

                   (35) 

[45] 
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DATA SHEETS         ___ 

Lengths, areas and volumes: 

Circumference of a circle πd 

Area of a cylinder πdL 

Area of a circle πd2/4 

Surface area of a sphere πd2 

Volume of a sphere πd3/6 

  
Absorbtivity and emissivity of Kaolin 
 insulating brick: 

800K    ε = 0.70 

1200K   ε = 0.57 

1400K   ε = 0.47 

1600K   ε = 0.53 

 

Thermal conductivity of Kaolin 
insulating brick: 
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Fourier’s law in one dimension: 
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Stefan Boltzmann Law: 
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Thermal diffusivity: 
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Average heat transfer coefficient for a 

generic surface and a flat plate: 
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Heat transfer at a boiling surface: 
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Nucleate boiling correlation: 
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Critical heat flux (Kutateladze and Zuber): 
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Minimum heat flux (Zuber) (moderate pressures): 
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Film pool boiling for TS<300oC (radiation component low): 
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C = 0.62 for horizontal cylinders and C = 0.67 for spheres. 
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Film pool boiling for TS>300oC: 
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External forced convection boiling of a cylinder in cross flow: 

High velocity:






















+=

 3
1

max 4
1

1

Dfgv WeVh

q


 

Low velocity:
3

1

2
1

4
3

max

2.19169
D

v

l

v

l

fgv WeVh

q






















+









=


 



 DV
WeD

2

=  



If 1
275.0 2

1

max +



















v

l

Vh

q

fgv 




 then the velocity is high, otherwise it is low 

CONDENSATION: 

Nusselt laminar film condensation correlation: 
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Modified latent heat of formation term for condensation (Rohsenow): 
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Total heat transfer to the surface: 
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Total condensation rate: 
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Reynolds number for condensation 
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Condensate mass flowrate: 
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um = mean velocity,δ = thickness,b = breadth of plate 

Thickness of condensate: 
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Reδ ≤ 30 for wave-free laminar flow: 
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30≤Reδ ≤ 1800 for wavy laminar flow: 
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Reδ > 1800 for turbulent flow: 

 

 

 

 

 

 

Radiation Data: 

 

Stefan Boltzmann constant = 5.67 x 10-8Wm-2K-1  

 

View factors: 

-Two parallel infinite surfaces: 

 

-Concentric cylinders, spheres and in general: 

  (Reciprocity Theorem) 

 

 

12112 == FF

112221 AFAF =

)253(RePr588750

Re)/(
75.05.0

3
1

2

−+
=

−





l

lL

k

gh



 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 


