
 

301 | P a g e  

DESIGN AND ANALYSIS OF MULTILAYER 

PRESSURE VESSEL 

1
Asst. Prof. V. V. WADKAR, 

2
Jadhav Sumit S, 

3
Jadhav Tejasvi D, 

4
Chougule Amit A, 

5
Shete Suchita S 

1
Department of Mechanical, AITRC, Vita, SANGLI 

2,3,4,5
Department of  Mechanical, AITRC, Vita, SANGLI 

ABSTRACT 

Design parameter of pressure vessels are design pressure, allowable stress, corrosion allowance. In the 

pressure vessels, Maximum Working pressure is the maximum pressure to which the pressure vessel is 

subjected, Hydrostatic test pressure is the pressure at which the vessel is tested. The pressure vessel is finally 

tested by the hydrostatic test before it is put  into operation. The design of openings and nozzles is based on two 

considerations, first one is Primary membrane stress in the vessel must be within the limits set by allowable 

tensile stress. Peak stresses should be kept within acceptable limits to ensure satisfactory fatigue life. 

Theoretical calculated values by using different formulas are very close to that of the values obtained from 

ANSYS analysis. This indicates that ANSYS analysis is suitable for multilayer pressure vessels. 

 

I.  INTRODUCTION 

 

In Process Industries, like chemical and petroleum industries designers have recognized the limitations involved 

for confining large volumes of high internal pressures in single wall cylindrical metallic vessels. In process 

engineering as the pressure of the operating fluid increases, increment in the thickness of the vessel intended to 

hold that fluid is an automatic choice. The increment in the thickness beyond a certain value not only possesses 

fabrication difficulties but also demands stronger material for the vessel construction. 

With increasing demands from industrial processes for higher operating pressures and higher temperature, new 

technologies have been developed to handle the present day specialized requirements. Multilayer Pressure 

Vessels have extended the art of pressure vessel construction and presented the process designer with a reliable 

piece of equipment useful in a wide range of operating conditions for the problems generated by the storage of 

hydrogen and hydrogenation processes the term pressure vessel referred to those reservoirs or containers, which 

are subjected to internal or external pressures. The pressure vessels are used to store fluids under pressure. The 

fluid being stored may undergo a change of state inside the pressure vessels as in case of steam boilers or it may 

combine with other reagents as in chemical plants. Pressure vessels find wide applications in thermal and 

nuclear power plants, process and chemical industries, in space and ocean depths, and in water, steam, gas and 

air supply system in industries. The material of a pressure vessel may be brittle such as cast iron, or ductile such 

as mild steel. 

1.1 Types of High Pressure Vessels: 

(a) Solid Wall Vessel  

(b) Multi Layered Cylindrical Vessel 
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Fig.1.1 Solid Wall Vessel 

 

                   

Fig.1.2 Multi-Layered Cylindrical Vessel 

II.DESIGN PARAMETER OF PRESSURE VESSEL  

( “Pressure Vessel Design Guides & Procedures”; G. Ghanbari M.A.Liaghat; 2000;) 

 The following are design parameters of pressure vessel 

  1. Design Pressure 

  2. Allowable stress 

  3. Corrosion Allowance 

2.1 Design Pressure 

In the pressure vessels, three terms related to pressure are commonly used 

a) Maximum Working pressure is the maximum pressure to which the pressure vessel is subjected. 

b) Design pressure is the pressure for which the pressure vessel design 

c) Hydrostatic test pressure is the pressure at which the vessel is tested. The pressure   vessel is finally tested by 

the hydrostatic test before it is put  into operation. 

d) The design pressure and the hydrostatic test pressure are obtained as follows: 

 Design pressure = 1.05* (Maximum working pressure) 

 Hydrostatic test pressure = 1.3* (Design pressure) 

2.2 Allowable Stress 

As per the IS Code and ASME Code, the allowable stress is based on the ultimate tensile strength with a factor 

of safety of 3 and 4 respectively. 

As per the IS Code, the following stress is obtained on the yield strength with a factor of safety of 1. 

Therefore, 
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Allowable stress,                σall =  

                                              or                                        

                                         σall=  

 Where,       

  σall = allowable tensile stress for the pressure vessel, N/mm2 

  Sut = ultimate tensile strength for the pressure vessel material, N/mm2 

  Syt = yield strength for pressure vessel material, N/mm2. 

 

2.3   Corrosion Allowance 

The walls of the pressure vessel are subjected to thinning due to corrosion which reduces the life of the pressure 

vessel. The corrosion in pressure vessel is due to the following reasons: 

a.c 

a chemical attack by reagents on the inner wall surface of the vessel. 

b. due to atmospheric air and moisture. 

c. High temperature oxidation. 

d. Erosion due to flow of reagent over the wall surface at high velocities. 

Every attempt should be made avoid the corrosion. However, this may not be always possible. An allowance is, 

therefore, required to be made by suitable increase in wall thickness to compensate for the thinning due to 

corrosion. 

Corrosion allowance is an additional thickness of the pressure vessel wall over and above that required to 

withstand the internal pressure. 

Guidelines for providing corrosion allowance: 

1.For cast iron, plain carbon steel and low alloy steel component, the corrosion allowance    of 1.5 mm is 

provided. However, in case of these chemical industries where severe conditions are expected, the corrosion 

allowance may be 3mm 

2. For high alloy steel and non-ferrous components, no corrosion allowance is necessary. 

3. When the thickness of cylinder wall is more than 30mm, no corrosion allowance is necessary. 

 

2.4 Design Objectives 

1. To show that multilayer pressure vessels are suitable for high operating pressures than solid wall pressure 

vessels. 

2. To show a significant saving in weight of material may be made by use of a multilayer vessel in place of a 

solid wall vessel. 

3. To show there may be a uniform stress distribution over the entire shell, which is the indication for most 

effective use of the material in the shell. 

4. To check the suitability of using different materials for Liner shell and remaining layers for reducing the cost 

of the construction of the vessel. 

5. To verify the theoretical stress distribution caused by internal pressure at outside   surface of the shell and to 

ascertain that the stresses do not reach yield point value during testing. 
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6.  Finally check the design parameters with FEM analysis by using ANSYS package to ascertain that FEM 

analysis is suitable for multilayer pressure vessels analysis. 

 

2.5. Factors Considered in Designing Pressure Vessels 

 1. Dimensions-Diameter, length and their limitations. 

 2. Operating conditions – Pressure and temperature. 

 3. Available materials and their physical properties and cost. 

 4. Corrosive nature of reactants and products. 

 5. Theories of failure. 

 6. Types of construction i.e. forged, welded or casted. 

 7. Method of Fabrication. 

 8. Fatigue, Brittle failure and Creep. 

 9. Economic consideration. 

2.5.1. The design of openings and nozzles is based on two considerations 

 1.  Primary membrane stress in the vessel must be within the limits set by allowable tensile stress. 

 2. Peak stresses should be kept within acceptable limits to ensure satisfactory fatigue life. 

2.5.2. Future Considerations 

Equipment such as these vessels are normally intended for a specific project and period of use. They should not 

be used beyond their design life, or adapted to other experimental uses beyond their safe operational parameters. 

Internal labeling and record keeping controls are extremely important to prevent use beyond the design life and 

safe operating parameters of each vessel. 

Case Study- Multilayer High Pressure Vessel 

 Design Data of The Vessel: 

 Design Pressure= P :- 21 N/mm2, 

 Design Temperature, T – 20 C 

 Hydrostatic Pressure PH - 27.3 N/mm2 

Allowable Stress values: 

1) Shell Liner & Layers; 164 N/mm2 

2) Dished Ends: 123 N/mm2 

 

Fig 3.1 Drawing of Multilayer Pressure Vessel 
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CASE 1: MATERIALS OF CONSTRUCTION 

 

 

 

 

 

 

 

 

 

CASE 2: MATERIALS OF CONSTRUCTION 

Description 
 

Type 

Of 

Steel 

UTS 

(Min) 

N/mm2 

YS 

(Min) 

N/mm2 

Shell Liner Austenitic 492.9 267.6 

Shell Layers Austenitic 492.9 267.6 

Dished Ends Austenitic 492.9 267.6 

 

CASE 3: MATERIALS OF CONSTRUCTION 

 

 

 

 

 

 

 

 

 

3.1 Selection of Appropriate Element Type  (“Design and Analysis Of Multilayer High Pressure Vessels”; 

Siva Krishna Raparla1)  

It is very necessary to select the appropriate element type for the accurate finite element analysis of the 

composite pressure vessel. The finite element software, ANSYS 12.1 provides the various shell and solid 

element types to model layered composite materials. A solid element can be utilized to model thick layered 

composites but it requires that the mesh divisions in thickness directions must be the same as the number of 

material layers. This increases the analysis and the calculation time for these elements. While, the shell elements 

does not require the mesh divisions in thickness direction and the calculation as well as the analysis time for 

these elements is much 

lesser than for the solid elements. Because of this property of the shell elements we have selected 

Description 
 

Type 

Of 

Steel 

UTS 

(Min) 

N/mm2 

YS 

(Min) 

N/mm2 

Shell Liner Austenitic 492.9 267.6 

Shell Layers Carbon 

Steel 

490.0 - 

Dished Ends Austenitic 492.9 267.6 

Description 

 

Type 

Of 

Steel 

UTS 

(Min) 

N/mm2 

YS 

(Min) 

N/mm2 

Shell Liner Austenitic 492.9 267.6 

Shell Layers Low Carbon 

Alloy 

525.0 - 

Dished Ends Austenitic 492.9 267.6 



 

306 | P a g e  

SHELL 99 as the appropriate element type for the purpose of our study. SHELL 99 is a linear layered structure 

shell element. Very thin to moderately thick layers can be modeled with this element. It may beused for the 

purpose of modeling layered structures and up to 250 uniform thickness layers can be modeled by this element. 

It is a 3D shell element and consists of 8 - nodes, with six degrees of freedom at each node. Among the 8 – 

nodes, four nodes are the corner nodes and the remaining four are the mid - side nodes. This element allows the 

user to define elastic properties, layer orientation and density for each layer. 

The problems encountered after observing these three figures are as follows:  

1. As the light illumination decreases the equilibrium point of battery charging moves, and creates instability. 

2. And if the illumination increases the battery may be subjected sudden increase in charging current that may 

damage the battery.   

3. The dynamics of the system become slow if the incremental resistance (Rs) of the solar array is very high 

4.Also,the efficiency of solar panel does not increase.  

 

Fig.3.2 Element shape  

 Structural Analysis Results 

4.1 Solid Wall Pressure Vessel 

 

Fig: 4.1 Finite Element Model of Solid Wall 
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Fig:4.2 Stresses in X-Direction     Fig:4.3 Stresses in Y-Direction 

 

Fig:4.4 Stresses in Z-Direction 

4.2 Multi Layer Pressure Vessel 

   

Fig: 4.5 Finite Element Model of Multi Layer Fig:4.6 Stresses in X- Direction Pressure Vessel 



 

308 | P a g e  

   

Fig:4.7 Stresses in Y-Direction  Fig: 4.8 Stresses in Z-Direction 

   

Fig.4.9 Displacement in x direction    Fig. 4.10 Displacement in Y-Direction 

 

Fig. 4.11 Displacement in Z – Direction 

Numerical Analysis 

Input Data: 

 Design pressure p - 21 N/mm2 

 Design Temperature T - 20oC 

 Design Code - ASME Sec.VIII Division-1 

 Inside radius of wheel Ri - 1143mm 

 Inside Diameter of vessel Di - 2286mm 

 Joint Efficiency  – 1 
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 Safety Factor F.S - 4 

 Corrosion Allowance, C.A - 3.0mm 

(a) Design of vessel thickness is calculated from the equation: 

t=Ri[  -1]+C.A 

220=1143[  -1]+3 

 

 

 

 

 =  

mm 

(c) Calculation of Hydrostatic Test Pressure: 

 Hydrostatic Pressure is taken as 1.3 times design pressure. 

 PH = 1.3 X Design Pressure 

      = 1.3*21 

 PH = 27.3N/mm2. 

Stress Developed during Hydrostatic Test: 

t=Ri[  -1]+C.A 

220=1143[  -1]+3 

 

The stress developed (158.65N/mm2) is less than the allowable stress value   

 (240.8N/mm2) which is 90% of the yield stress. 

Table 5.1: Comparison of results in ANSYS with Numerical 

V. CONCLUSIONS 

1. There is a percentage saving in material of 26.02% by using multilayered vessels in the place of solid walled 

vessel. This decreases not only the overall weight of the component but also the cost of the material required to 

manufacture the pressure vessel. This is one of the main aspects of designer to keep the weight and cost as low 

as possible. 

2. The Stress variation from inner side to outer side of the multilayered pressure vessel is around 12.5%, where 

as to that of solid wall vessel is 17.35%. This means that the stress distribution is uniform when compared to 

that of solid wall vessel. Minimization of stress concentration is another most important aspect of the designer. 

It also shows that the material is utilized most effectively in the fabrication of shell. 
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3. Theoretical calculated values by using different formulas are very close to that of the values obtained from 

ANSYS analysis. This indicates that ANSYS analysis is suitable for multilayer pressure vessels. 

4. Owing to the advantages of the multi layered pressure vessels over the conventional mono block pressure 

vessels, it is concluded that multi layered pressure vessels are superior for high pressures and high temperature 

operating conditions. 
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