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ABSTRACT: In this thesis, the pressure vessel is 
designed and analyzed for its strength using Finite 
Element analysis software ANSYS. Mathematical 
correlations will be considered for the design of 
pressure vessel whose design parameters are specified 
by a company according to the required filament 
wounded pressure vessel. Modeling will be done in 
CREO. 

Thermal, Structural and linear layer analysis will be 
done in ANSYS on the pressure vessel.  

In this thesis the thermal analysis to determine the 
temperature distribution and heat transfer rate per unit 
area at different materials steel, CFRP ,Epoxy Resin& 
E-glass. 

Static analysis to determine the stress, deformation 
and strain at different composite materials steel, CFRP 
,Epoxy Resin& E-glass and linear layer analysis to 
determine the stress, deformation and strain at 
different composite materials steel, CFRP ,Epoxy 
Resin& E-glass at 4 &8 layers. 

 INTRODUCTION TO PRESSURE VESSELS 

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.  
 

 
HIGH PRESSURE VESSELS:  
High Pressure vessels are used as reactors, separators 
and heat exchangers. They are vessel with an integral 
bottom and a removable top head, and are generally 
provided with an inlet, heating and cooling system and 
also an agitator system.  High Pressure vessels are used 
for a pressure range of 15 N/mm2  to a maximum of 
300 N/mm2.  These are essentially thick walled 
cylindrical vessels, ranging in size from small tubes to 
several meters diameter.  Both the size of the vessel 
and the pressure involved will dictate the type of 
construction used.   
The following are few methods of construction of 
high-pressure vessels. 
1. A solid wall vessel produced by forging or 
boring a solid rod of metal. 
2. A cylinder formed by bending a sheet of 
metal with longitudinal weld. 
3. Shrink fit construction in which, the vessel is 
built up of two or more concentric shells, each shell 
progressively shrunk on from the inside outward.  
From economic and fabrication considerations, the 
number of shells should be limited to two. 
4. A vessel built up by wire winding around a 
central cylinder.  The wire is wound under tension 
around a cylinder of about 6 to 10 mm thick. 
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5. A vessel built up by wrapping a series of 
sheets of relatively thin metal tightly round one 
another over a core tube, and holding each sheet with 
a longitudinal weld.  Rings are inserted in the ends to 
hold the inner shell round while subsequent layers are 
added.  The liner cylinder generally up to12 mm thick, 
while the subsequent layers are up to 6 mm thick. 

 
FACTORS CONSIDERED IN DESIGNING HIGH 
PRESSURE VESSELS: 
The application of high pressure to the chemical 
process industries opened a new field to the design 
engineer.  This relatively new technique originated in 
the industrial synthesis of ammonia from its elements 
and with the process for the cracking of oil.  Now the 
high pressure vessels are extended up to 350 MPa. 
In designing high pressure vessels, the main factors to 
be considered are: 
• Dimensions – Diameter, length, and their 
limitations. 
• Operating conditions – Pressure and 
temperature. 
• Available materials and their physical 
properties and cost. 
• Corrosive nature of reactants and products. 
• Theories of failure. 
• Types of construction i.e. forged, welded or 
casted. 
• Method of fabrication 
• Fatigue,  Brittle failure and Creep. 
• Economic considerations. 
Various codes governing the procedures for the 
design, fabrication, inspection, testing and operation 
of pressure vessels have been developed, partly as a 
safety measure.  These procedures furnish standards 
by which any state can be assured or the safety of 
pressure vessels installed within its boundaries.  The 
specifications in these codes were originally based 
upon the specifications developed for steam boilers.  
The code used for unfired pressure vessels is Section 
VIII of ASME Boiler and Pressure Vessel Code, 1956. 
ADVANTAGES OF MULTILAYER PRESSURE 
VESSEL 
 
1. Permits the use of steels with higher 
mechanical properties than the obtainable from very 

thick plates.  Since the layer plates are approximately 
6 mm thick, the mechanical properties are known and 
recorded for every 6 mm of total wall thickness, 
assuming uniformity and known properties throughout 
the vessel wall. 
2. As in other layer vessels, only the inner shell 
needs to be of environment resistant materials, 
providing the same resistance as solid wall 
construction at less cost.  The inside layer may be 
constructed of corrosion resistant material either 
weldable or non-weldable to the base metal.  If 
corrosion occurs through the first layer, a system of 
vent holes gives early warning to the vessel outside 
layer of product penetration prior to any extensive 
damage or unsafe operating condition. 
3. The thin plats used as layer material exhibit 
better mechanical properties than thick plates made to 
the same specifications.   
4. Since the layer plates are approximately 6 
mm thick, the mechanical properties are known and 
recorded for every 6 mm of total wall thickness, 
assuming uniformity and known properties throughout 
the vessel wall. 
5. Multilayer construction has an inherent notch 
toughness, which is superior to solid wall construction, 
assuming identical material. It is estimated that 
transition temperatures are lowered approximately 27 
to 350 C due to the construction alone in the multi 
layer shells.   
6. A Multilayer vessel has been observed to 
retard and/or arrest the propagation of cracks.  Every 
vessel tested to destruction has failed in a ductile 
manner without fragmentation. 
7. Vent holes through the outer layers permit the 
inner shell to be constantly and effectively monitored 
for possible leakage.  Thus, any leak in the inner shell 
is detectable at a time when the vessel itself is still 
structurally sound. 
 

LITERATURE SURVEY 

The importance of a well engineered vessel, 
manufactured with careful inspection and quality 
control methods, remain as the crucial factor for 
obtaining a safe, economical, and serviceable unit. 

As early as 1890 Mr. Carl Schaeffer of Oberhauson, 
Germany, obtained a U.S. patent covering the multiple 
layer construction for “riveted” boilers and the like 
vessels. The patent is required for the ever-increasing 
tension of steam required for steam boilers, the 
damage imparted to thick sheet iron during forming 
and the un proportional cost of the thick plates.  But 
from the early investigations, the patent was prompted 
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by the current limitations of the solid wall 
constructions and was never widely accepted. 

However, with advent of welding and the increase 
need for high-pressure vessels, designers in the 1930’s 
started to develop vessel concepts, which employed 
multiple layers of material for the vessel wall.  Since 
that time thousands of multiple wall vessels have been 
put into service, both here and abroad, with an 
excellent record of performance. There are a number 
of multilayer vessel concepts available to the user 
today.  The wicker type vessel, developed in Germany, 
uses a corrugated metal tape or ribbon spiral wound 
around an inner core cylinder.  Spiral grooves to match 
the corrugations of the tape are first machined into the 
outer surface of the inner cylinder.  Then, layer at a 
time, until the full wall thickness is reached. 

Each succeeding layer mechanically locks the 
underlying layers together through the meshing of 
corrugations in the tape or ribbon.  Therefore, the 
vessel hoop stresses are borne by the ribbon acting in 
tension, and the longitudinal stresses are taken by the 
ribbon acting in shear across the corrugations.  A few 
of these vessels have been imported from the states.  In 
Japan, another layer vessel concept has been 
developed wherein individual vessel “cans” or 
cylinders are manufactured by coiling a continuous 
material of the light gauge material around an inner 
cylinder until the proper wall thickness is reached.  
The individual cans are then welded together to 
complete the vessel shell.   

However, the most widely used layer vessel design is 
the multilayer vessel pioneered in the 1930’s by the 
A.O.Smith Corporation and now manufactured by the 
Chicago Bridge and Iron Company.    

INTRODUCTION TO CAD  

Computer-aided layout (CAD) is the usage of 
computer structures (or workstations) to beneficial 
useful resource within the introduction, amendment, 
assessment, or optimization of a design. CAD software 
is used to boom the productivity of the fashion 
designer, enhance the superb of layout, beautify 
communications through documentation, and to create 
a database for production. CAD output is often inside 
the shape of digital files for print, machining, or 
different production operations. The term CADD (for 
Computer Aided Design and Drafting) is also used.  

INTRODUCTION TO CREO  

PTC CREO, previously referred to as 
Pro/ENGINEER, is three-d modeling software 
program applied in mechanical engineering, layout, 

manufacturing, and in CAD drafting provider 
corporations. It modified into one of the first 3D CAD 
modeling packages that used a rule-based parametric 
device. Using parameters, dimensions and functions to 
seize the behavior of the product, it is able to optimize 
the improvement product further to the format itself. 

The name come to be changed in 2010 from 
Pro/ENGINEER Wildfire to CREO. It changed into 
introduced by means of way of the business 
enterprise who superior it, Parametric Technology 
Company (PTC), for the duration of the release of its 
suite of format merchandise that consists of programs 
collectively with meeting modeling, 2D orthographic 
views for technical drawing, finite element analysis 
and greater 

ADVANTAGES OF CREO PARAMETRIC 
SOFTWARE  

1. Optimized for version-primarily based 
absolutely agencies 

2. Increased engineer productivity 

3. Better enabled concept format 

four. Increased engineering competencies 

five. Increased production abilities 

6. Better simulation 

7. Design talents for additive production 

CREO parametric modules: 

• Sketcher 

• Part modeling 

• Assembly 

• Drafting  

 

 

 

 

3D MODEL OF PRESSURE VESSEL 
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2D MODEL OF PRESSURE VESSEL 

 

INTRODUCTION TO FEA 

Finite detail evaluation is a way of solving, commonly 
approximately, remarkable problems in engineering 
and technological understanding. It is used in 
particular for troubles for which no particular solution, 
expressible in some mathematical shape, is available. 
As such, it's miles a numerical instead of an analytical 
approach. Methods of this type are desired due to the 
truth analytical techniques cannot cope with the real, 
complex issues which are met with in engineering. 

THERMAL AND STATIC ANALYSIS OF 
PRESSURE VESSEL 
USED MATERIALS  
• STEEL 
• CFRP 
• EPOXY RESIN  
• E-GLASS  
Material properties of steel 

Young’s modulus=205000Mpa 

Poisson’s ratio=0.3 

Density=0.0000078kg/mm3 

Thermal conductivity =w /m-k 

Specific heat = 477j/kg-k 

Material properties of CFRP 

Young’s modulus=135000Mpa 

Poisson’s ratio=0.27 

Density=1570kg/m3 

Thermal conductivity = 1.1w/m-k 

Specific heat = 740j/kg-k 

Material properties of E-GLASS  

Young’s modulus=85000Mpa 

Poisson’s ratio=0.25 

Density=2600kg/m3 

Thermal conductivity = 1.35w/m-k 

Specific heat = 805j/kg-k 

Material properties of Epoxy resin  

Young’s modulus=3400Mpa 

Poisson’s ratio=0.3 

Density=1200kg/m3 

Thermal conductivity = 1.35w/m-k 

Specific heat = 805j/kg-k 

 
Imported model 

 
 
Meshed model 
 

 
Finite element analysis or FEA representing a real 
project as a “mesh” a series of small, regularly shaped 
tetrahedron connected elements, as shown in the above 
fig. And then setting up and solving huge arrays of 
simultaneous equations. The finer the mesh, the more 
accurate the results but more computing power is 
required. 
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MATERIAL- CFRP  

DEFORMATION  

 

STRESS 

 

STRAIN 

 

MATERIAL- EPOXY RESIN  

DEFORMATION  

STRESS 

 

STRAIN  
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THERMAL ANALYSIS OF PRESSURE VESSEL  
 

MATERIAL- CFRP 

TEMPERATURE  

 

HEAT FLUX  

 
 

MATERIAL- EPOXY RESIN 

TEMPERATURE  

 

HEAT FLUX 

  

LINEAR LAYER ANALYSIS OF PRESSURE 
VESSEL 

LAYERED SECTION 

DEFORMATION 
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RESULT TABLE 

 

 

 

 

Graphs  

STATIC ANALYSIS PLOTS  
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Strain  

 

THERMAL GRAPHS  

Heat flux plot 

 

CONCLUSION 

In this thesis, the pressure vessel is designed according 
to the weld efficiency and analyzed for its strength 
using Finite Element analysis software ANSYS. 
Mathematical correlations will be considered for the 
design of pressure vessel whose design parameters are 
specified by a company according to the required 
wounded filament pressure vessel. Modeling will be 
done in CREO Parametric software... 

Structural and thermal analysis will be done in 
ANSYS on the pressure vessel .The stress values are 
less for steel material compare with CFRP, Epoxy 

Resin and e-glass. But CFRP has more yield strength 
compare with steel.  

By observing the thermal analysis results the heat 
dissipation is more for CFRP material compare with 
steel, Epoxy Resin and e-glass materials. 

comparison of static analysis and linear layer analysis 
the stress values are less for linear layer analysis in that 
4 layers has less stress value. 

So it can be concluded the CFRP material is better 
material for pressure vessel . 
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