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Part-I 

Q1  Only Short Answer Type Questions (Answer All-10) (2 x 10) 
 a) When is LMTD correction factor used in heat exchanger calculation?  
 b) Why is vacuum maintained in the vapor space of an evaporator?  
 c) Define capacity, economy and steam consumption in evaporation.  
 d) What are the factors on which the condensing film coefficient depends?  
 e) What is hydrostatic head effect in evaporation? What is its effect on evaporation?  
 f) What is HETP? How is it related to HTUG?  
 g) What is dephlegmator?                                                                                             
 h) What is hold up in a dryer?  
 i) What are flights in rotary dryers?  
 j) On what factors does the shell side pressure drop in shell and tube heat exchanger 

depend? 
 

    
  Part-II  

Q2  Only Focused-Short Answer Type Questions-  (Answer Any Eight out of Twelve) (6 x 8) 
 a) What is the fouling factor when (a) UC = 30 and UD = 20, (b) UC = 60 and UD = 50 and 

(c) UC = 110 and UD = 100? Which do you consider reasonable to specify between two 
moderately clean streams? 

 

 b) Crude oil flows at a rate of 1000 kg/h through the inside pipe of a double pipe heat 
exchanger and is heated from 30C to 90C. The heat is supplied by kerosene initially at 
200C flowing through the annular space. If the temperature of approach is 10C, 
determine the heat transfer area for co-current flow and the kerosene flow rate. Cp of 
crude oil = 0.5 Kcal/kg C, Cp of kerosene= 0.6 Kcal/kg C, Uo = 400kcal/hr m2C 

 

 c) With the help of a flow chart, describe the design of a shell and tube heat exchanger by 
kern method. 

 

 d) An evaporator is to be fed with 5000kg/hr of solution containing 10% solute by weight. 
The feed at 40C is to be concentrated to a solution containing 40% by weight of solute 
under an absolute pressure of 1.03 kg/cm2. Steam is available at an absolute pressure 
of 3 atm. (temperature 134C). The overall heat transfer coefficient is 1500 kcal/hrm2C, 
Calculate (i) heat transfer area (ii) the steam requirement 

 

 e) A mixture of 35 mole % A and 65 mole % B is to be separated in a fractionating 
column. The concentration of A in the distillate is 93 mole % and 96 % of all products A 
is in the distillate. The feed is half vapor and the reflux ratio is to be 0.4. The relative 
volatility of A to b is 2.0. Calculate the number of theoretical plates in the column and 
locate the feed plate. 

 

 f) Classify and discuss various types of process design.  

                    

http://www.bputonline.com

http://www.bputonline.com

http://www.bputonline.com
http://www.bputonline.com


 g) Water enters a two fluid HE at 55C and leaves at 85C. Hot gases enters at 305C and 
leaves at 160C. if the total heat transfer area is 500 m2 and the overall heat transfer 
coefficient per hour for 600 Kcal/ hr m2C, determine the total heat transferred per hour 
for (a) parallel flow (b) counter current flow 

 

 h) 45,000 kg/hr of mixed light hydrocarbon vapors are condensed at 10 bar. The 
saturated vapor will enter the condenser at 600C and the condensation will be 
complete at 450C. Enthalpy of vapor is 596.5 kJ/kg and the condensate 247.9 kJ/kg. 
Cooling water is available at 300C and the temperature rise is to be limited to 100C. 
Calculate the cooling water flow (Specific heat of water= 4.18 kJ/kg 0C) 

 

 i) It is desired to concentrate 5000 kg/hr of a solution of NaOH from 10% to 25% solids in 
a single effect evaporator. Steam is available at 110 C and the vapor space is 
maintained at 410 mm Hg mercury. The boiling point of water corresponding to the 
vapor space pressure is 84C. The solution has a boiling point elevation of 10C. 
Calculate (a) The steam consumption per hour (b) If the available heat transfer area is 
35 m2, estimate the heat transfer coefficient. 

 

 j) Classify the reactors with neat sketches giving industrial examples.   
 k) Butyl acetate formation is carried out in a batch reactor at 900C with sulfuric acid as a 

homogeneous catalyst. The feed contained 4.97 moles of n-butanol per mole of acetic 
acid and catalyst concentration is 0.032% by mass as H2SO4. Rate equation for this 
reaction is – rA = kCA2 where CA = concentration of acetic acid in mole/cm2 and k = 
17.4 cm3/ (mol-min). Density of reaction mixture at 900C can be assumed constant and 
equal to 0.75 g/cm3. Calculate the time required to obtain 50% conversion.  

 

 l) 1000 kg moles/ hr of an ethanol propanol mixture containing 65 moles % ethanol is to 
be separated in a continuous plate column operating at 1 atm. Total pressure. The 
desired terminal composition in units of mole fraction of ethanol is: XD = 0.92 and Xw= 
0.07. The feed is a saturated vapor and the total condenser is used. When the reflux 
flow rate is four times the amount at the top product, find the number of theoretical 
plates required for the separation.  

 

    
  Part-III  
  Only Long Answer Type Questions (Answer Any Two out of Four)  

Q3  Two liquids are flowing in a double pipe heat exchanger both at the rate of 1770 kg/h. 
The inner pipe has inner diameter of 2.5 cm and wall thickness of 0.125 cm. The inner 
pipe is made up of copper having thermal conductivity 328 kcal/h-m-°C. The outer pipe 
has internal diameter of 5 cm. For simplicity assume that both liquids have physical 
properties comparable with that of water. The liquid in the inner tube is being cooled 
from 70 °C to 55 °C at the expense of the liquid flowing in the outer tube which is 
entering at 20 °C. Calculate the length of the heat exchanger required if the liquids are 
flowing in a counter current manner. Physical properties of water: 
   Viscosity at 62.5 0C = 0.452 cP 
   Viscosity at 27.5 °C = 0.840 cP 
   Thermal conductivity at 62.5 °C = 0.57 kcal/h-m-0C 
   Thermal conductivity at 27.5 °C = 0.528 kcal/h-m-0C                                      

(16) 

    
Q4  A continuous fractionating column is to be designed for the separation of a mixture 

containing 0.5 mole fraction of n-heptane and the rest n-octane. If the overhead and 
the bottom products are to have 99% purity and the column is to operate at 
atmospheric pressure with reflux ratio of 2.5 , find out the number of plates required. 
The feed is admitted as a saturated liquid to the column at a rate of 9 ton/h. For the 
following conditions find the diameter of the column. 
Top column temperature = 371K, Bottom column temperature = 398K, vapor velocity in 
the column = 0.5 m/s, plate spacing = 0.45 m. Vapor-liquid equilibrium data : 
x 0.13 0.22 0.32 0.46 0.57 0.69 0.82 0.92 1.0 
y 0.24 0.37 0.50 0.65 0.74 0.83 0.91 0.96 1.0 

 

(16) 
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Q5  14500 kg/h of nitrobenzene are to be cooled from 127 to 44 °C by heating up 40000 

kg/h of benzene from 32 to 72 °C. There are available two heat exchangers each with a 
shell diameter of 45 cm ID fitted with 166 tubes of 19 mm OD and 15 mm ID and 5 m 
long. The tubes are arranged in two passes with the individual tubes on a 25 mm 
square pitch with baffles 15 cm apart. There are two passes on the shell side. Counter 
current operation is used. It is proposed that benzene should pass through the tubes 
and the tube side film coefficient is anticipated to be 900 kcal/h-m2- °C. What is the 
order of scale resistance that could be allowed if these heat exchangers are used? 
Data: For nitrobenzene: Cp = 0.57 kcal/kg-°C, viscosity = 0.7 cP , K = 0.13 kcal/h-m-°C 
The shell side coefficient can be calculated from the equation : 
Nu = 0.36(D0Gs/µ)0.55 (Pr)0.333 

(16) 

    
Q6  A distillation column has been proposed to be operated with following geometric and 

operational parameters: column dia. = 1454 mm, tray spacing = 460 mm, height of weir 
= 75 mm, length of weir = 910 mm, liquid flow rate in rectifying section = 5555 lit/h, 
liquid flow rate in stripping section = 11110 lit/h. Calculate the residence time in the 
down comers of the two sections. Is the residence time within the safe limits? 

(16) 
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