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Birla Institute of Technology and Science, Pilani 
Semester II, 2022-2023 

CHE F412 PROCESS EQUIPMENT DESIGN 

Comprehensive Examination  
Date: 06/05/2023                     Full Marks: 80 
Duration: 180 Minutes     

 
Instructions 

 Be to the point, don’t write essays 
 Wrong units will fetch no credit 
 Answer all parts of a question at one place only 
 Write assumptions wherever required with proper justifications 
 Symbols should have proper nomenclature 

 
1.  A distillation column 3 m outer diameter and 30 m height rests over a skirt support of 4.0 

m in height. The following specification are given: 

Design pressure 5 kg/cm2 
Operating temperature 300 °C 
Tray spacing 0.6 m 
Top disenergy space 1 m 
Bottom separator space 2.5 m 
Weir height 60 mm for all trays 
Downcomer clearance 30 mm for all trays 
The column is provided with an elliptical head with major to minor axis ratio 2:1 of weight 
1550 kg 
Weight of tray excluding liquid 95 kg/cm2 of tray area 
Tray support rings 50 mm × 50 mm × 10 mm angles 
The distillation column is insulated with 80 mm thickness asbestos insulation 
The column is provided with one caged ladder of 40 kg/m weight 
Permissible stress for shell material 960 kg/cm2 
Welded joint efficiency 85% 
Corrosion allowance for shell 2 mm 
Density of shell material 7850 kg/m3 
Density of insulation 640 kg/m3 
Density of water (for liquid on tray) 980 kg/m3 
Wind pressure acting over the vessel 125 kg/m2 

(a) Estimate the thickness of the shell, (b) stress due to dead weights, (c) axial stress, (d) 

stress due to wind pressure, (e) using internal pressure and upwind condition, calculate the 

height of the column and check if it is more than actual height (30 m). [45=20] 

2. With a help of a neat schematic, derive the Lame’s equation for stress analysis: 𝜎ℎ =
𝛽

𝑟2 +

𝛼;  𝜎𝑟 =
𝛽

𝑟2
− 𝛼, where symbols have their usual significance. Further by choosing 

appropriate boundary conditions, evaluate the values of constants, i.e., 𝛼 and 𝛽. [10+10=20]  
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3.  A liquid with density of ethanol (800 kg/m³) is stored in a cylindrical tank (carbon steel 

IS 2062) of inside diameter 30 m and height 10 m. Maximum permissible stress for the tank 

is 200 N/mm2 and modulus of elasticity of the material is 4105 N/mm2. Assuming corrosion 

allowance as 2 mm and joint efficiency for spot radiography as 85%, calculate the shell 

thickness and the minimum thickness for the bottom course of the tank. Plates of 2 m height 

are available for fabrication. [3+7=10] 

4. For a U-tube, 2 pass shell and tube heat exchanger, design pressure is taken as 15% excess 

of the operating pressure (1.5 N/mm2). Such a requirement may be of a typical condenser in 

a refrigeration system. It is estimated that the tube layout is at a triangular pitch (30 mm) 

with 60 tubes per pass in a sheet (factor=0.9). For the overall shell to work, maximum 

allowable pressure is fixed at 100 N/mm2 and the plates are joined at an efficiency of 75% 

for fabrication. Using a corrosion allowance of 2 mm and 60 mm as thermal allowance for 

the shell side, estimate the shell side diameter and thickness. [5+5=10] 

5. In a steam operated pressure vessel, bursting absolute pressure of 30 bar is set for safety 

operations at a maximum heat rate of 3000 kJ/hr and a temperature of 318 K. Estimate the 

diameter of the rupture disc (in mm) that can be used for safety operation in this setup, 

assuming the molecular weight of steam as 18 Da and latent heat of vaporization as 1200 

kJ/kg. Specific heat capacity of steam at constant pressure as 1.8 kJ/kg while that at constant 

volume being 1.4 kJ/kg. [10] 

6. Write in brief about the following (Draw schematics wherever possible): (i) Different type 

of losses encountered due to storage of volatile liquids in normal fixed volume tanks; (ii) 

Different classifications of heat exchangers available as per TEMA standards; (iii) Dual flow 

and ripple tray; (iv) Utilities of CAD commands, like, TRIM, OFFSET and MIRROR; (v) Flash 

point and Ignition Temperature [25=10]  

~All the Best~  

~Happy Summer Holidays~ 
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Supplementary Information 
 
Table for standard thickness 

Standard thickness 
available (in mm) 

5, 5.5, 6, 7, 8, 9, 10, 11, 12, 14, 16, 18, 20, 22, 25, 28, 32, 36, 40, 45, 50, 
56, 63, 71, 80 

List of necessary formulas 

𝑡 =
𝑝𝐷𝑖

2𝑓𝐽 − 𝑃
=

𝑝𝐷𝑜

2𝑓𝐽 + 𝑃
 𝑡 =

𝑝𝐷𝑖

4𝑓𝐽 − 𝑃
=

𝑝𝐷𝑜

4𝑓𝐽 + 𝑃
 

 

𝑡 =
𝑃𝐷0

2𝑓𝐽 + 𝑃
 𝑡ℎ =

𝑃𝐷0𝑉

2𝑓𝐽
 

𝑉 =
1

6
(2 + 𝐾2) 𝑓𝑎 =

𝑃𝐷

4(𝑡 − 𝑐)
 

Volume of ellipsoid =
𝜋

6
(𝐷0

3 − 𝐷𝑖
3) × 𝜌𝑠ℎ𝑒𝑙𝑙 

 

 

 

  

Weight of pipe insulation=area of the 

pipe×Density×height of column=
𝜋

6
(𝐷0 𝑖𝑛𝑠

2 −

𝐷𝑖 𝑖𝑛𝑠
2 ) × 𝜌𝑠ℎ𝑒𝑙𝑙  

 

 

 

 

 

Number of trays=[(height-1)/tray spacing]+1  
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