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SUBJECT: UNIT OPERATIONS IV – HEAT TRANSFER
INSTRUCTIONS

1. Answer all questions in sections a and b

2. EACH QUESTION MUST BEGIN ON A NEW PAGE

3. LEAVE TWO LINES BETWEEN PARTS OF A QUESTION

4. SHOW CLEARLY ALL EQUATIONS USED FOR CALCULATIONS

5. ANSWERS MUST BE NUMBERED IDENTICAL TO THE QUESTION BEING ANSWERED

6. READ THE QUESTION COMPLETELY BEFORE ANSWERING

7. THE INTENDED MARK IS INDICATED AT THE END OF THE QUESTION


SECTION A

Circle the correct answers

QUESTION 01.
Which of the following is true for the rate of conduction of heat through a plane layer?
(a) It is proportional to the thickness of the layer
(b) It is proportional to the temperature difference 

(c) It is inversely proportional to the temperature difference 

(d) It is inversely proportional to the heat transfer area 

QUESTION 02.     The ability of a material to conduct heat is known as
(a) Thermal diffusivity
(b) Thermal conductivity

(c) Temperature gradient

(d) Temperature resistivity

QUESTION 03.    The thermal conductivity of an alloy of two metals is usually
(a) The same as the lighter metal
(b) The average of the two conductivities
(c) Much lower than that of either metal
(d) Much higher than that of either metal

QUESTION 04.
Which of the following best describes the term Heat Flux?
(a) The rate of heat transfer per unit volume

(b) The rate of heat transfer per unit area

(c) The change of temperature per unit area

(d) The heat transferred in a vacuum

QUESTION 05.    Which of the following is true for heat transfer effectiveness?

(a) The amount of heat that a body contains 
(b) The actual heat transfer rate relative to the maximum possible heat transfer rate

(c) The actual heat transfer rate relative to the maximum possible cold fluid outlet temperature

(d) None of the above

QUESTION 06.    Which of the following explains why heat transfer rates in drop wise condensation are higher than in film condensation?

(a) The film covers the surface thus developing a temperature gradient and a resistance to heat transfer.

(b) The drop covers the surface thus developing a temperature gradient and a resistance to heat transfer.

(c) The film is stationary while the drops are constantly moving.

(d) The drop is stationary while the films are constantly moving.

QUESTION 07.    The Leidenfrost point on a boiling curve is 

(a) The point where the heat flux reaches a minimum

(b) The peak flux at the critical temperature drop

(c) The point where the heat flux reaches a minimum

(d) The boiling point of the liquid

QUESTION 08.  Which of the following is true for radiation heat transfer?
(a) The density of the transmitting medium enhances the radiation intensity.
(b) No transmitting medium is necessary
(c) The molecules of the medium determine the heat transfer rate
(d) There must be a vacuum for heat transfer to occur
QUESTION 09.    The fraction of irradiation absorbed by the surface is called.

(a) Reflectivity
(b) Transmissivity

(c) Emissivity

(d) Absorptivity
QUESTION 10.    One method of increasing the rate of heat transfer in shell and tube heat exchangers is

(a) With the addition of baffles 

(b) Using mild steel tubes

(c) Using low pressure steam

(d) Changing the heating element

Answer true (T) or false (F) in the box provided for questions 11 - 15

QUESTION 11.    Plate heat exchangers are not widely used in dairy and food processing industries because of their difficulty in cleaning and sanitizing and low 

overall coefficient. 


QUESTION 12.    Nucleate boiling occurs at higher excess temperatures than Transition boiling

QUESTION 13.    When using the correction factor for heat exchanger analysis the LMTD must be calculated for parallel flow.
QUESTION 14.    The NTU for a 1-2 multi-pass heat exchanger of area 15.2 m2 and overall heat transfer coefficient U= 320 Wm-2K-1 is 18.16 if the Cmin=2.787 kW oC-1.
QUESTION 15.    Forced convection heat transfer coefficients depend not only on the flow velocity but on the surface geometry as well.

[15 Marks]

SECTION B

QUESTION 16.    

a) Show that the maximum possible heat transfer in a heat exchanger is given by 
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[10 Marks]

b) A counter-flow heat exchanger uses 10.0 oC cold water flowing at 8.0 kg s-1, to cool a hot water stream that enters the tubes at 70.0 oC flowing at 2.0 kg s-1. Assuming the specific heat capacity of water Cp = 4.18 kJ kg-1oC-1, with the aid of a fully labeled diagram calculate the maximum heat transfer rate at the cold and hot water streams.

[20 Marks]

QUESTION 17.

The bottom of a 30.0 cm diameter and 50.0 cm long mechanically polished stainless steel cylindrical container is maintained at 120.0 oC by an electric heater. Using the information supplied in the table attached:

(a) Estimate the power required to boil the water.

[10 marks]

(b) Calculate the minimum heat required to boil the water in the container

[10 marks]

(c) Calculate the rate of evaporation of the water.
[10 marks]

(d) What is the maximum heat flux?

[10 marks.

QUESTION 18.    

a) Air at 1.0 atm and 27.0 oC is forced through a horizontal tube 2.5 cm in diameter at an average velocity of 30.0 cm s-1. If he tube wall is maintained at a constant temperature of 140.0 oC and the tube is 40.0 cm long what would be the heat-transfer coefficient? 
[25 Marks]

b) What would be the error if the heat-transfer coefficient were calculated on the basis of laminar forced convection? 

[5 Marks]
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