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 Number each question clearly; questions may be answered in any order. 
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Question One                   [Total: 12 Marks] 

Consider a cube of dimension d = 1 cm, temperature 400 K, emissivity 0.8 and 

absorptivity 0.9 hanging in a room where the air temperature is 300 K and the 

wall, ceiling and floor are at 310 K.  The relevant heat transfer coefficient is 10 

Wm-2K-1.1.1. Calculate the percentage of the total heat that is lost from the 

cube surface due to convection.                [10] 

1.2. What will happen to the temperature of the block with time?  Explain.   [2] 

 

Question Two                   [Total: 34 Marks] 

0.01 kgs-1 of a pharmaceutical liquid, consisting mainly of water 

(assume same physical properties), is to be sterilized by heating 

from 300 K to 350 K in a straight 0.02 m internal diameter 

stainless-steel tube. For this tube, a uniform surface temperature 

of 373 K is maintained by steam condensing on the outer surface 

of the tube.  Thermal resistance of the tube wall may be neglected, 

and fully developed velocity and temperature profiles may be 

assumed. 

2.1. Is the steam temperature constant?  Explain.       [2] 

2.2. Draw an annotated diagram in your script and estimate the length of the tube.               [30] 

2.3. What type of heat is used to increase the liquid temperature?    [2] 

 

Question Three                  [Total: 10 Marks] 

Acetone diffuses through air at 273 K in an equimolar counter current flow mode through a 

cylinder of length 1m and diameter increasing gradually from 0.1 m to 0.2 m.  The drop in 

acetone concentration from the inlet to the outlet of the cylinder is 5 molm-3.  What is the steady 

state diffusion rate of the acetone?                  [10] 

 

Question Four                  [Total: 16 Marks] 

Carbon dioxide is stored in an elevated square rubber tank with 

wall thickness 0.01 m and dimensions 2m×3m×1m high at an 

absolute pressure of 200 kPa.  Neglect the concentration of 

carbon dioxide in the air next to the tank and estimate how much 

carbon dioxide is lost from the tank in gd-1 due to diffusion 

through all six surfaces in total.              [16] 

 

_________________________________________________________________________ 

END                  [Total: 72 Marks] 
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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 

 

Heat transfer data: 
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Radiation Data: 

 

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