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B.Tech. Fifth Semester (Bio-Technology) (C.B.S.) –  

Heat Transfer in Biotechnology 

Paper – III 
 

P. Pages : 2 TKN/KS/16/7951 

Time : Three Hours Max. Marks : 80 

_____________________________________________________________________ 

 Notes : 1. All questions carry equal marks.  

 2. Answer any five questions.  

 3. Assume suitable data wherever necessary. 

 4. Illustrate your answers wherever necessary with the help of neat sketches.  

 

 

    

1. a) Derive an expression for heat flow through a composite wall.  

 
8 

 b) A spherical, thin walled metallic container is used to store liquid nitrogen at a temperature 

of -193


C. The container diameter is 0.5 m and it is covered with two insulating materials 

each of thickness 25 mm and outer surface is exposed to ambient air at 303 K. The thermal 

conductivity of the first and second insulating layers are 0.042 W/mK and 0.0017 W/mK, 

respectively. If outer heat transfer coefficient is 20 W/m2K and latent heat of vaporization 

of liquid nitrogen is 2 x 102 KJ/kg0 C. Determine the rate of vaporization of liquid nitrogen 

per hour.  

 

8 

2. a) Explain the significance of Biot number and Fourier number and Heisler Charts in unsteady 

state heat transfer.  

 

6 

 b) A chilling plant has inside dimensions 70 cm width, 50 cm depth and 130 cm height. The 

walls of the chilling plant are 3 mm thick. Temperature inside the chilling plant is to be 

maintained at 4ºC. The walls of chilling plant are insulated with fiber glass 75 mm thickness. 

The outer metal cover is provided over the insulation have 3 mm thickness. The surrounding 

air temperature is 30ºC. Film coefficient of heat transfer at the inner surface of chilling plant 

and at the outer surface of the chilling plant are 10 W/m2 ºC and 13 W/m2 ºC. respectively. 

Thermal conductivity of metal wall=43 W/m ºC. 

Thermal conductivity of fiber glass insulation = 0.035 W/m ºC. 

At steady state operation calculate. 

The rate of heat removal from chilling plant. 

The temperature at the inner and outer surface of insulation. 

The temperature at outer surface of metal wall.  
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3. a) Explain the boiling curve and difference between pool boiling and flow boiling.  

 
6 

 b) Ammonia vapors at 34 ºC are condensed on square array of 25 x 25 horizontal tubes. 

Outside diameter of tube is 30 mm and length of each tube is 1.6 m. surface temperature of 

the tubes is maintained at 22 ºC. calculate the rate of condensation of ammonia vapors. 

Physical properties of ammonia at average temperature are : 
 

Vapor density = 0.6894 kg/m3; Liquid density = 600 kg/m3; Thermal conductivity = 0.51 

W/m ºC; Viscosity = 0.21 x 10-3 Ns/m2; latent heat of vaporization = 1125 kJ/kg.  
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4.  

 

 

 

 

 

Explain the classification of heat exchangers.  

1.2 kg/sec of an organic liquid through shell side is to be cooled from 45 ºC to 20 ºC. the 

organic liquid is cooled by chilled water supplied from a refrigeration unit at a temperature 

of 5 ºC and can be heated up to 10 ºC. Properties of organic liquid and water are 

 

Physical properties  Organic liquid  Water  

Thermal conductivity W/m ºC 0.133 0.61 

Heat capacity J/kg ºC 2150 4180 

Viscosity N-S/m2 0.25 X 10-3 0.8 X 10-3 

Density kg/m3 716 1000 

 

Calculate the inside heat transfer coefficient.  

 

Fouling resistance for organic liquid = 0.0002 m2 k/W 

 

Fouling resistance for water = 0.0004 m2 k/W  

 

Steel tubes are to be used. Thermal conductivity of steel tubes = 45 W/mºC 

 

Tubes are arranged on triangular pitch. Tube pitch is 1.25 times the outside diameter of 

tubes. Tube bundle diameter db = do [N/k]1/n K = 0.249, n= 2.207 for triangular pitch, 2 

tubes per pass arrangement.  

 

16 

5. a) Which are different types of reboiler? Discuss the different steps for designing.  

 
8 

 b) A solution containing 10% solids is to be concentrated to 50% solids in a single effect 

evaporator. Steam is supplied at 2 bar (120.5 ºC) Vacuum is maintained in the evaporator 

at 0.12 bar (52ºC). Feed rate to the evaporator is 7 kg/s. Feed is supplied at 52ºC.  

The overall heat transfer coefficient is 2000W/m2K. Specific heat of feed solution = 3770 

J/kg. Latent heat of condensation of steam = 2200 kJ/kg. Latent heat of vaporization of 

water = 2378 kJ/kg. Calculate   I)  Quantity of water evaporated.   II)  Steam economy. 

III)  Heat transfer area for evaporator.  

 

8 

6. a) Discuss the different applications of heat in sterilization of media.  

 
8 

 b) Explain the concept of Green house effect.  

 
8 

7. a) What are insulating materials and what are their desirable properties?  

 
8 

 b) Write short note on heat transfer by convection.  

 
8 

8. a) A fireclay wall 20 cm thick has its two surfaces maintained at 1000 ºC and 200 ºC. the 

thermal conductivity of the fireclay varies with temperature ºC as k (W/m K) = 0.813 + 

0.000582 T Calculate the rate of heat flow?  

 

8 

 b) How would you calculate the log mean temperature difference for parallel flow, counter 

flow and cross flow heat exchangers?  
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