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Abstract— Pressure Vessels are closed containers utilized for 

storing fluids at certain temperatures and pressures different 

than ambient conditions. They are used as reactor, convertor, 

regenerator or splitters. Pressure Vessels are in the form of 

cylinders, spheres or cones, out of which cylinders are most 

preferably used. Constructional features of pressure vessels 

include main body or shell, head, saddles and nozzles. Cylindrical 

Pressure Vessels are available as either Mono Wall or Multi 

Layer. Multi Wall, a type of Multi Layer Pressure Vessels is used 

is manufactured by a process of shrink fitting. When fluids are 

held at such critical conditions, the shell thickness required by 

the vessel is higher having high thickness associated with 

Pressure Vessel imposes its own problems in construction such as 

bulkiness, high material cost etc. To overcome such drawbacks, 

Multi Wall Vessels are used. In shrink fitting, thermally 

expanded shell is fitted over the other shell who is at normal 

temperature. The system is cooled to achieve the desired 

interference. This interference creates the necessary compressive 

stresses within the shells, which are used to counter the tensile 

stresses developed by the fluids. This reduces Hoop's stresses, 

making the shell thinner than the shell of Mono Wall Pressure 

Vessel for same internal pressure. Hence both cost and quantity 

of material is optimized. The objective of our project is to study 

Multi Wall Pressure Vessels and code calculations for shell as per 

the ASME Section VIII, Div.1 and Div.2 for a case study of 

Pressure Vessel with specific internal pressure. Our wok also 

includes validation of code calculations using the software 

ANSYS APDL 15.0. 

Index terms- Multi Wall Pressure Vessel, Interference, ANSYS, 

Hydrotest, Shrink Fit, Axisymmetric Model.  

I. INTRODUCTION 

 

A pressure vessel is an enclosed container designed to store 

gases or liquids at a pressure other than the ambient pressure. 

The pressure vessels are used to store different types of fluids 

under pressure. The fluid being stored may undergo a change 

of state inside the pressure vessels as in case of steam boilers, 

liquefied natural gas where there is phase change under 

pressure or it may facilitate chemical reactions such as Haber's 

process. (Ammonia Synthesis),  Pressurized water reactor, or it 

may facilitate chemical reaction in chemical plants. The 

material of a pressure vessel may be brittle such as cast iron, or 

ductile like mild steel. 

 
For higher operating pressures and higher temperature, 

Multi Walled pressure vessels have been developed as a cost 

effective option. Because of the combination of high 

temperature and pressure, it makes the careful design and 

manufacturing of pressure vessels more intrinsic. Plant safety 

and integrity are of fundamental concern in pressure vessel 

design and these depend on the adequacy of design codes. 

Pressure Vessels are classified as Mono Wall and Multi Layer. 

Both have their own advantages and disadvantages. Multi 

Layer pressure Vessels are again classified as follows- 

• Concentric wrapped 

• Coil wound 

• Multi walled 

• Spiral Wrapped 

Out of the above four methods Multi Wall is preferably 

used. Details on Multi Wall Pressure Vessels are further 

elaborated in the following chapters. Ends of the cylinders of 

the Pressure Vessels are closed with formed end closures. 

There are two types of end closures namely Domed Heads and 

Conical Heads. Domed heads are further classified into three 

categories[1] - 

i) Hemispherical Head 

ii) Semi Ellipsoidal 

iii) Torispherical 

Hemispherical and Semi Ellipsoidal Heads have difficulties 

in manufacturing hence Torispherical Heads are the best option 

for economic manufacturing[1]. 
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In case of Mono Wall Vessels, the shell consists of a single 

layer with desired thickness. It is the most basic type of 

pressure Vessel. Though Mono wall vessels are 

constructionally justified because of single layer, there are 

many problems associated with it.  Multi  Wall  Pressure  

Vessel,  a  category  of  Multi  Layer pressure Vessel has 

several advantages over Mono Wall. Multi Wall Pressure 

Vessel uses a shrink fitting manufacturing method. In this 

process, thermal expansion of shells take place and shells are 

fitted one over another. Suppose there are two shells to be used 

in multi wall vessels, then second shell is thermally expanded 

and fitted over the first shell which is at 

normal temperature. Then the system is cooled, the other 

shell contracts and interference is generated between the two 

layers. This interference creates compressive stresses in the 

inner shell. This compressive stresses counter the tensile 

stresses caused due to internal pressure of fluid. This reduces 

the effective internal pressure of fluids. The same process can 

be applied to more than two layers. It is obvious that  increase 

in number of layers reduces the resulting working stress and 

the range of stress 

between maximum and minimum value, but there is an 

optimum number of layers beyond which it is economically not 

justified (typically beyond 3 layers) as the reduction in hoop 

stress (or tangential stress or circumferential stress) is 

negligible. It may be noted that different set of thickness of 

each layer gives different residual stress distribution under 

same interference. Thus thickness of each layer is considered 

as design variable for the design and assembly of multilayer 

compound cylinder, which needs to be optimised. 

II. CODE CALCULATIONS 

Construction of pressure vessels is an intricate task, as it 

involve lots of risks. For the uniformity in regulations and for 

constructing of safe and rugged pressure vessels, American 

Society of Mechanical Engineers (ASME) provided the rules 

for design, manufacturing and inspection of pressure vessels.[17] 

These rules are known as ASME Boiler and Pressure 

Vessels Codes. Calculations for design of pressure vessels are 

mentioned in the section VIII Division 1: Pressure Vessels – 

Rules for Construction[17] and Division 2: Pressure Vessels – 

Alternative Rules.[18] 

 
  

A. Design of Mono Wall Pressure Vessel  

Selecting the appropriate material from the ASME BPVC 

Section 2 Part D. Hence, Material used in the calculations for 

both shell and head is SA 387, Grade 22 and Class 2[19]  

For given material 

 

 
1) Shell Calculations  

For finding the thickness of shell for thick cylinders, 

 
Above equation gives the relation for shell thickness in 

terms of inner radius r1.  

Hence, for r1 = 1500 mm, 

2)  Head Calculations 

 

 
3)  Hydrotest Calculations 
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B. Design of Multi Wall Pressure Vessel  

 
1)  Shell Calculations 

 

 
2) Head Calculations 

 
3) Stress Analysis and Contact Pressure Calculations 
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4) Interference Calculations 

 

 

 
5) Contact Pressure Calculations with consideration of 

thermal properties  

Calculations based on the design methodology does not 

include the direct effect of thermal properties. Because of the 

higher temperature of the fluids to be stored or high 

temperature climatic conditions (affecting very slightly), there 

is significant change in the magnitude of derived quantities 

(stresses, contact pressure, interference, etc.). Thermal effects 

are to be accounted and outputs are modified accordingly.  

Struthers Wells Corporation gives the equations for the 

additional capacity of layer by considering this thermal effect, 
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on basis of which, we can find the modified contact pressure 

and interference.  

Hence, additional capacity of layer, 

 

 

III. ANSYS VALIDATION 

 

 
 

A.  Analysis of Mono Wall Pressure Vessel  

The first stage of ANSYS analysis is calculation of the 

Hoop's stress in the shell of Mono Wall Pressure Vessel. Fig. 

shows the pattern for Hoop's stress throughout the shell 

thickness.  

Inputs for generating the model in ANSYS are,  

TABLE I. Inputs for ANSYS model of Mono Wall Pressure 

Vessel 

 

 
 

B. Analysis of 3 Layered Multi Wall Pressure Vessel with 

Interference  

Making the Axisymmetric model of case study of 

Ammonia Converter and analyzing values for Hoop's stresses 

and the contact pressure by using calculated interference to 

make ANSYS model-  

Inputs for generating the model of case study of Ammonia 

Converter in ANSYS are, 
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IV. RESULTS  

Comparison between manual and ANSYS calculations for 

Hoop’s stresses in Mono Wall Pressure Vessel 

 
Comparison of Hoop’s stresses and contact pressure 

between the layers of Multi Wall Pressure Vessel for 

Ammonia Converter  

Comparison of Hoop’s stresses 
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From the above comparisons, we see that values of manual 

calculations and from ANSYS are almost similar as % error is 

within the acceptable limit.  

Effect of Variation in Shell Thickness  

Initially we considered the thickness of all shells to be same i.e. 

77 mm. now, instead of keeping thicknesses of all shells to be 

same, we Check the variation in stress patterns by varying the 

thickness for each shell. Change in compressive as well as 

tensile stresses from inner side of inner layer to outer side of 

outer layer is to be recorded. Excel sheet with mathematical 

formulation is used for the rapid calculation of data. We are 

considering 5 different cases as follows- 

 

 

 

V. CONCLUSION  

During the study of Pressure Vessels, calculations of shell 

thickness of Mono Wall as well as Multi Wall Pressure Vessel 

and ANSYS validation of results, we have drawn some 

important conclusions.  

 Due to shrink fitting, compressive stresses developed in 

the layers counter tensile stresses induced due to internal 

pressure which results in decreased Hoop's stress.  

 It is found that thickness required for shell of Mono Wall 

Pressure vessel is higher than that of multi wall pressure 

vessel. Hence preference to multi wall vessel is justified 

both economically (material cost) and physically 

(material weight).  

 

 Multi Wall Pressure Vessels are more useful in the high 

pressure applications than Mono Wall Pressure vessels.  

 Thickness calculation of shell by ASME codes conforms 

to Lami’s theorem with very small error.  

 

 Calculation on ANSYS gives the very small amount of 

errors with the manually calculated quantities, which 

confirms the validity of design methodology.  
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VI. FUTURE SCOPE  

In our study, we limited our focus only to the 3-layered 

shell of Multi Wall Pressure Vessel and its calculations without 

consideration of gaps between the layers. We even considered 

the same material for all the layers. This study can be further 

expanded in the following aspects-  

 Checking the stress distribution in the shell of Multi Wall 

Vessel with gaps between the layers.  

 Incorporating thermal factors during ANSYS validation.  

 Optimizing the performance of the pressure vessel shell 

by changing the materials used.  

 Autofrettage calculations and its ANSYS validation.  

 Analysing stress patterns in various types of heads.  
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