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   Abstract  

 

Pressure vessels are leak proof containers, as the name implies, their main purpose is to contain a given medium under pressure 

and temperature. Pressure vessels are commonly used in industry to carry both liquid and gases under required pressure and 

temperature limit. This pressure and temperature comes from an external source or by the application of heat from a direct or 

indirect source or any combination of them. After the review of many research papers, we find out that basically the most of the 

pressure vessels diameter was taken was from 300 mm to 2000 mm. Initially, we designed three non-standard body flanged pressure 

vessels different diameters. Pressure and material of vessels were selected as per practical conditions.  We took SA 516 as flange 

material. After the designing of all cases we figure out the various stresses, loads and deformation using ANSYS and Pv-Elite. 

After that we redesigned Pressure vessels using standard flanges and figure out the same parameters using Pv-Elite and ANSYS. 

To optimize the non-standard flange we compared results of both flanges. We found that at almost same operating bolt load in 

non-standard flange with diameter 500mm has considerable deformation and stress intensity. Whereas in standard flange, in the 

same case, there is less deformation and stress intensity. The value of deformation and maximum stress intensity in 500mm 

diameter non-standard flange was 0.044043mm and 107.8 Mpa respectively and in standard flange value of deformation and 

maximum stress intensity was merely 0.014641mm and 16.548 Mpa respectively. In other two cases, in both standard and non-

standard flanges, there is very small difference in deformation and stress intensity. The operating bolt load is slightly higher in 

standard flange due to greater bolt circle diameter, which results as the slightly higher deformation and stress intensity in both 

1000mm and 1500mm diameter flange. In non-standard flange we required more thickness as compared to standard flange. But if 

we compare the weight of standard and non-standard flange, we found standard flange is almost double in weight. 
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I. INTRODUCTION 

The pressure vessels and cylinders are commonly used to store fluid at high pressure. Sometimes pressure vessels are known as 

vacuum vessels, when inside pressure is lower than the atmospheric pressure. The common examples of pressure vessels are 

storage tanks, boilers and chemical & nuclear reactors. In steam boilers and reactors fluid may go in change in state. Sometimes, 

pressure vessels can be used to store radioactive materials and flammable material. In boilers there is the combination of high 

temperature and high pressure, which is highly dangerous and can be fatal in case of leakage. The design of pressure vessels is 

very complex and critical for high pressure vessels. ASME section VIII design code is used to design pressure vessels. In industrial 

use, there are many types of pressure vessels, but majorly classification can be done according to the thickness, and end 

construction. According to their dimensions, pressure vessels can be classified as thin shell or thick shell. If the thickness of the 

shell wall (t) is less than 1/10 of the diameter of the shell (d), then it is called a thin shell. On the other hand, if the thickness of the 

shell wall is greater than 1/10 of the diameter of the shell, then it is said to be a thick shell. Thin shells are used in boilers, tanks 

and pipes, whereas thick shells are used in high pressure cylinders, tanks, gun barrels etc. 

The pressure vessels may be classified according to the end construction as open end or closed end. A simple cylinder 

with a piston, such as press cylinder is an example of an open end vessel, whereas a tank is an example of a closed end vessel. 
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A. Closed End Construction 

1) Welded Dish End 

Welded dish end type end construction used for very high pressure storage. It is also very common type construction and widely 

used for non-reactive fluid storage. This is one time construction and cleaning is not available with welded dish end type pressure 

vessel. 

2) Body Flanged Dish End 

Flanged dish end type end construction is used for moderate pressure storage. It is widely used for storage of reactive and organic 

compounds. In this type of vessel construction one dish end can disassemble for cleaning of internal surface. One flange is welded 

with shell and another flange is welded with dish end. Gasket is used for make the flange joint leak proof. 

II. LITERATURE SURVEY 

M Javed Hyder and M Asif performed ANSYS analysis for three thick-walled cylinders having 20 cm, 25 cm, 30 cm diameter and 

30 cm height. The wall thickness of cylinders is 20 mm. Initially they analyzed tangential, longitudinal, radial, and von misses 

stress in cylinders without hole. Then they carried out the hole optimization with various holes having diameters 4, 8, 10, 12, 14, 

16, 20 mm. They figure out that 8mm hole is the optimum hole if a thick cylinder having 20 cm diameter and 10 mm diameter hole 

is the optimum if a cylinder having 25 cm diameter. They found lowest value of von Misses stress in 30 cm diameter vessel. Then 

they placed a 12 mm hole at 1/6, 1/8, 2/8, 3/8, and 4/8 of cylinder from top in all three cylinders. They figure out that Von Misses 

stress is the maximum at the center 0.500 and minimum at the top of the cylinder. 

Josip Kacmarcik, Nedelijko Vukojevic And Fuad Hadzikadunic In their study they compared two different to determine 

stress concentration factor. They used strain gauge with experimental setup and finite element analysis with ABAQUS. Two 

different geometries were taken and maximum von misses stresses and maximum principal stress used to define stress 

concentration factor. Two different nozzles were taken having different diameter and same wall thickness. After the results 

comparison of both methods they found maximum deviation of 15% which is acceptable for engineering applications of stress 

concentration factor in pressure vessels.  

Binesh P Vyas, R. M. Tayade worked on the Design of pressure vessel and figure out that using PV Elite gives fine 

analysis result and also decreases time .A vertical pressure vessel was designed using software named PV Elite. Some important 

parameters are required to design the leg support of pressure vessel like volume, inside diameter, design pressure (either inside 

pressure or external pressure), temperature, material, processing fluid. Etc. PV Elite provides thickness of shell and head, height 

of head, thickness of nozzle, manhole. PV Elite figure out local stress as per welding research council (WRC) 107, further research 

required to explore environmental parameter such as earthquake, thermal load, and fluctuation load and so on. 

Vikram V. Mane, Vinayak H .Khatawate conducted  their study  on stress analysis Ellipsoidal head stress analysis in 

pressure vessel with finite element analysis and experimental method, electrical strain gauges were used for strain measurement 

and result were compared with ANSYS software. They figure out that the results measured with the classical methods are more 

than the actual stresses measured with strain gauges and lower than the finite element analysis. 

R M Tayade et al. have worked on the inclined pressure vessel (IPV) study using FEA in ANSYS to figure out stresses 

in the vessel to determine structural stability. For the production of nitrous oxide by ammonium nitrate, inclined position of pressure 

vessel is required to complete pyrolysis reaction with the steam passing through at around 200°C and 1.37895 MPa over the 

ammonium nitrate contained in the cylindrical vessel. Here the challenge was to design the inclined pressure vessel, because ASME 

codes can only applicable for horizontal and vertical vessels but there were no provisions for vertical design. This paper provides 

the inclined pressure vessels structural analysis having inclined legs which are under consideration. 

III. METHODOLOGY 

A. Design of Pressure Vessel with Non-Standard Body Flange using PV-Elite 

Three non-standard body flanged pressure vessels were developed with different diameters in PV-Elite. Pressure and material of 

vessels were selected as per practical conditions.  We took SA 516 as flange material.  

B. Figure out the Results using ANSYS and Pv-Elite 

After the designing of all cases we figure out the various stresses, loads and deformation using ANSYS and Pv-Elite. 

C. Redesign Vessel with Standard Flange  

After that we redesigned Pressure vessels using standard flanges and figure out the same parameters using Pv-Elite and ANSYS. 

D. Compare the Both Results 

To optimize the non-standard flange we compared results of both flanges. 
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IV. RESULTS 

A. Design of Pressure Vessel 

From the industrial view, we design three vessels of diameter 500mm, 1000mm, and 1500mm with standard and non-standard 

flange. We took pressure 10kg/sq. cm for all pressure vessels. 

      
Fig. 1: ANSYS results for non-standard body flange of 500mm diameter pressure vessel 

     
Fig. 2: ANSYS results for standard body flange of 500mm diameter pressure vessel 

      
Fig. 3: ANSYS results for non-standard body flange of 1000mm diameter pressure vessel 
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Fig. 4: ANSYS results for standard body flange of 1000mm diameter pressure vessel 

        
Fig. 5: ANSYS results for non-standard body flange of 1500mm diameter pressure vessel 

      
Fig. 6: ANSYS results for standard body flange of 1500mm diameter pressure vessel 
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B. Difference Between the Result of Non-Standard and Standard Flanges 

 
Fig. 7: Difference between the deformation of non-standard and standard flanges 

 
Fig. 8: Difference between the maximum stress intensity of non-standard and standard flanges 

 
Fig. 9: Difference between the operating bolt load of non-standard and standard flanges 
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Fig. 10: Difference between the weight of non-standard and standard flanges 

V. CONCLUSION 

The objective of the paper is to design, analysis and optimization of non-standard weld neck flange. We developed three practical 

vessels designs with 500mm, 1000mm, and 1500mm diameter. Complete design was done by Pv-Elite software with both standard 

and non-standard flanges. After the designing, we analyze all design in ANSYS to figure out local stresses and deformations. We 

found that at almost same operating bolt load in non-standard flange with diameter 500mm has considerable deformation and stress 

intensity. Whereas in standard flange, in the same case, there is less deformation and stress intensity. The value of deformation 

and maximum stress intensity in 500mm diameter non-standard flange was 0.044043mm and 107.8 Mpa respectively and in 

standard flange value of deformation and maximum stress intensity was merely 0.014641mm and 16.548 Mpa respectively. In 

other two cases, in both standard and non-standard flanges, there is very small difference in deformation and stress intensity. The 

operating bolt load is slightly higher in standard flange due to greater bolt circle diameter, which results as the slightly higher 

deformation and stress intensity in both 1000mm and 1500mm diameter flange. In non-standard flange we required more thickness 

as compared to standard flange. But if we compare the weight of standard and non-standard flange, we found standard flange is 

almost double in weight. 

VI. FUTURE SCOPE 

Pressure vessels always considered as the most crucial and sensitive equipment in industries. Continuous study of all parts of 

pressure vessels is required to get the optimum and safe design.  In future, study can be conducted by taking different pressure and 

different flange type. Material of flange also effects the flange size, so study can be done on different material also.    
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