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Abstract - A pressure vessel is a closed container designed to hold gases or liquids at a pressure and temperature
substantially different from ambient pressure and temperature. The cross-section of the pressure vessel may be circular or
square with flat end covers, reinforced by a gate mechanism on both sides. In the present study the vessel has been
optimized for shape for both circular and square sections by considering stress level on the shell areas and comparative
heat losses for cylindrical and square cross sectional pressure vessel has also been presented. The pressure vessel designed
as per the ASME code Section VIII and then checked for the stress patterns across the walls of vessel for the applied
pressure and temperature. The complete analysis i.e. pressure and thermal tests are carried out using FEA based software
platform (Solidworks 3D design & Analysis platform). At first on the basis of observation it has been tried to compare the
validity of pressure vessel shape. Then tried to reduce the thickness of the shell by applying the same amount of load, so as
to obtain an optimal thickness of pressure vessel. Thus observing both the results we have come to a conclusion to decide
the most valid shape & thickness of shell required for an optimal pressure vessel. The literature survey indicates that so
far many works has been done on different topics & subjects related to pressure vessel optimization by FEA based
technique of analysis, but there are very few works done to compare the optimality of shape of pressure vessel shell by
FEA analysis. The discussion on the results, conclusion & the scope of further work has also been manifested at the end of
the work.

. INTRODUCTION
1.1 GENERAL

A pressure vessel is a closed container designed to hold gases or liquids at a pressure substantially different from the ambient
pressure. The pressure differential is dangerous and many fatal accidents have occurred in the history of pressure vessel
development and operation. Consequently, pressure vessel design, manufacture, and operation are regulated by engineering
authorities backed by legislation. In general, Pressure vessels are design with ASME Boiler and Pressure Vessel Code, Section
VIII., Division 1 and do not require a detailed evaluation of all stresses. They are used in a wide variety of industries (e.g.,
petroleum refining, chemical, power, pulp and paper, food, etc.) Examples of pressure systems.and equipment are boilers and steam
heating systems; pressurized process plant and piping; compressed air systems (fixed and portable);pressure cookers, autoclaves
and retorts; heat exchangers and refrigeration plant; valves, steam traps and filters; pipe work and hoses; and Pressure gauges and
level indicators.

The pressure vessels must design thoroughly because rupture of pressure vessels causes an explosion that may end in loss of
life and property. Implementation of software for designing mechanical equipment facilitate engineer with a comprehensive
analysis either structure analysis or dynamic simulation. Here we study the effect of stresses on vessel walls by changing the shape
from cylindrical to square cross-section. And to consider the optimality of shell thickness by testing on two consecutive thicknesses
& also perform cost analysis of whole setup. Also find insulation material & determine thickness of insulation, so as to avoid
condensation of steam within vessel due to heat transfer from vessel wall to atmosphere.

1.2 TERMINOLOGY

Code: The complete rules for construction of pressure vessels as identified in ASME Boiler and Pressure Vessel Code, Section
VIII, Division 1, Pressure Vessels.

Construction: The complete manufacturing process, including design, fabrication, inspection, examination, hydrotest, and
certification. Applies to new construction only.

Hoop membrane stress: The average stress in a ring subjected to radial forces uniformly distributed along its circumference.
Longitudinal stress: The average stress acting on a cross section of the vessel.

Pressure vessel: A leak-tight pressure container, usually cylindrical or spherical in shape, with pressure usually varying from 15 psi
to 5000 psi.

Stress concentration: Local high stress in the vicinity of a material discontinuity such as a change in thickness or an opening in a
shell.

Weld efficiency factor: A factor which reduces the allowable stress. The factor depends on the degree of weld examination
performed during construction of the vessel.

ASME: American Society of Mechanical Engineers
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DBA: Design by analysis.
FEA: Finite Element Analysis

1.3 OBJECTIVE:

To determine the thickness of shell required for prescribed pressure and temperature. Comparative study for stress analysis
has been made for cylindrical and square cross sectional pressure vessel having same volume. Comparative heat losses for
cylindrical and square cross sectional pressure vessel has also been presented.

1.4 CAUSES:

The pressure differential in pressure vessel is dangerous and many fatal accidents have occurred in the history of pressure
vessel development and operation. So we have to design the shell wall thick enough & check the stress level on shell wall so as to
avoid failure of pressure vessel. Also we should keep in mind that due to heat transfer , there will be condensation of steam inside
vessel, which we have to avoid by placing suitable insulation layer around the vessel exterior walls.

The main causes of failure of a pressure vessel are as follows:
0 Stress

0 Faulty Design

[0 Operator error or poor maintenance

0 Operation above max allowable working pressures
0 Change of service condition

0 Over temperature

0 Safety valve

O Improper installation

0 Corrosion

0 Cracking

0 Welding problems

0 Erosion

O Fatigue

O Improper selection of materials or defects
0 Low —water condition

O Improper repair of leakage

0O Burner failure

O Improper installation Fabrication error

0O Over pressurisation

O Failure to inspect frequently enough

0 Erosion

O Creep

0 Embrittlement

00 Unsafe modifications or alteration

0 Unknown or under investigation

1.5 PROBLEM IDENTIFICATION:

The main intention behind this project is to determine stress level on the shell wall & flat end faces of pressure
vessel. If the stress values are large enough & cross the limitation of allowable stress values of material of vessel, we then check for
the appropriate thickness of shell wall at which the probability of failure of pressure vessel shell wall due to stress are less.

Solving the model by FEM with Solidworks simulation platform after every change in thickness of shell wall ,we calculate the
longitudinal , hoop stresses or Von-Mises stress over the shell & verify whether the stress values or deformation minimize with the
increase in thickness of shell.

Also we study the effect of stresses on vessel walls by changing the shape from cylindrical to square cross-section. In square
cross-section, there will be stress concentration at the corners.

We also need to compare rate of heat transfer from the shell wall to the surroundings on both cylindrical and square cross
sections by determining the temperature gradients within the thickness of shell and insulation. As with the heat transfer from the
shell wall, the inside steam temperature reduces below saturation temperature, consequently condensation of steam occur.

1.6 JUSTIFICATION OF RESEARCH WORK:

There are many reasons behind failure of pressure vessels. But the most prominent cause of failure are improper
selection of materials of shells & door systems, inadequate thickness of shell & door mechanism, wrong estimation of pressure
level & temperature range for safe working & ultimately incomplete conclusions about the stresses generate at different locations of
vessel, faulty design of shape of vessel, welding problems, unsafe modifications or alteration. In this research work we have
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included these considerations & tried to solve these problems by standard methods of design prescribed by A.S.M.E. We have also
used D.B.A (Design by Analysis) method to justify our research work.

1.7 BENEFIT OCCURS FROM THIS RESEARCH WORK:

The main benefit occur from this research work is that we can observe the behavior of vessel under pressure &
temperature constraint for different thicknesses of vessel material, vessel shape. We can also identify the prominent failure areas of
vessel & determine the condition of welds around joints. Thus we can easily conclude the design defects. To avoid these defects we
can make suitable modifications on vessel & thus optimize the design data. We have followed both design procedure of ASME as
well as Design By Analysis method which increased the accuracy of design.

1.8 LIMITATIONS OF RESEARCH WORK:

The main drawbacks in different FEA based research works are that we always have to compare the results from
simulation with practical exposures & analytical results. The main reason behind this is that, the results of simulations & their
accuracy totally depend on right application of simulation tools & exact knowledge of the different parameters used to define &
simulate practical conditions of the job. The result of simulation may change with wrong estimation and application and lack of
knowledge, for the same observation.

Il. METHODOLOGY
2.1 DETERMINING THE WALL THICKNESS APPROPRIATE FOR THE SAFE STRESS LEVELS ON SHELL WALLS & END DOOR
MECHANISM:-
Category of vessel- Thin shell (t/d=0.005<0.05)
Pressure vessel with Flat ends
Stresses induced :-

oC= 2—‘: (Circumferential or Hoop stress)

oL= % (Longitudinal stress)

In a cylindrical shell, at any point on it’s circumference, there is a set of 2 mutually perpendicular stresses 6C & oL, which are
principal stresses. So maximum shear stress is :-
oc—ol _ E

2 st

Tmax =

Design criteria :- Since oc is maximum, so shell is designed on this stress basis.
d . .. . ;
oc = X <o (o is the permissible tensile stress of shell material)

According to “ASME Section V111, Division 1, paragraph UG-27”
For longitudinal welded joints on shell
When, < 0.385SE:

PR - .. . . . .
t = ﬁ , We can determine minimum required thickness from assumed value of size of pressure vessel (i.e.,

Diameter), material & design pressure

_ (SEY
T (R+06t)

, We can determine the pressure limit of vessel for the chosen design shell Thickness.

Starting with design wall thickness & then vary thickness to reach the safe stress levels on shell walls & end door mechanism.
After checking the thickness of vessel for the prescribed stress, we have to check the stress level at the end door mechanism. After
thorough examination & observation, we have to accept the shell thickness having safe stress levels.

The design of pressure vessel and its components is done using ASME SEC. VIII Div | code. Here, we have not used the ASME
codes completely for designing & only used the codes to start with initial assumptions. But we rely on the results of observation
obtained from FEA analysis to choose the correct combination of thickness of shell & the shape of shell.

2.2 3D CAD SOLIDWORKS:-
Solidworks mechanical design automation software is a feature-based parametric solid modeling design tool which takes advantage
of the easy to learn Windows graphical user interface. You can create fully associative 3-D solid models with or without constraints
while utilizing automatic or user defined relations to capture design intent.

1. FEATURE-BASED
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Just as an assembly is made up of a number of individual pieces parts, a Solidworks model is also made up of individual
constituent elements. These elements are called Features.

When you create a model using the Solidworks software, you work with intelligent, easy to understand geometric features such as
bosses, cuts, holes, ribs, fillets, chamfers and drafts. As the feature are created they are applied directly to work piece.

Features can be classified as sketched or applied:-

e Sketched features: Based upon a 2-D sketch. Generally that sketch is transformed into a solid by extrusion, rotation,
sweeping or lofting.

o  Applied Features: Created directly on solid model. Fillets and chamfers are example of this type of feature.

The Solidworks software graphically shows you the feature based structure of your model in a special window called the Feature
Manager design tree. The Feature Manager design tree not only shows you the sequence in which features were created, it gives
you easy access to all the underlying associated information.

2. PARAMETRIC:-

The dimensions and relations used to create a feature are capture and stored in the model. This is not only enables you to capture
your design intent, it also enables you to quickly and easily make changes to model.

e Driving dimensions: These are dimensions used when creating a feature. They include the dimensions associated with the
sketch geometry, as well as those associated with the feature itself. A simple example of this would be a feature like
cylindrical boss. The diameter of the boss is controlled by the diameter of sketched circle. The height of the boss is
controlled by the depth to which that circle was extruded when the feature was made.

¢ Relations: These include such information as parallelism, tangency and concentricity. Historically this type of information
has been communicated on drawings via feature controlled symbols. By capturing this in the sketch, Solidworks enables
you to fully capture your design intent upfront, in the model.

3. 3D SoLID MODELING OVERVIEW
A solid model is the most complete type of geometric model used in the CAD systems. It contains all the wireframe and surface
geometry necessary to fully describe the edges and faces of the model. In addition to the geometric information, it has the
information called topology that relates the geometry altogether. An example of topology would be which faces (surfaces) meet at
which edge (curve). This intelligence makes operations such as filleting an easy as selecting an edge and specifying a radius.
3D solid modeling with SOLIDWORKS speeds the creation of complex parts and large assemblies. Creating 3D solid models of
your designs instead of 2D drawings:

= speeds design development and detailing
improves visualization and communication
eliminates design interference issues
checks design functionality and performance (without the need for physical prototypes)
automatically provides manufacturing with 3D solid models that are required when programming CNC machine tools and
rapid prototyping equipment
With SOLIDWORKS automatic drawing updates, you don’t have to worry about modifications.
All 2D drawing views are automatically created from, and linked to, the 3D solid model. If the
3D solid model is modified, the 2D drawing views and details automatically update. This
automatic associativity means that the solid model is always synchronized with your 2D
documentation.

Key SOLIDWORKS 3D solid modeling features enable you to:
=  Create 3D solid models of any part and assembly, no matter how large or complex
= Keep all 3D models, 2D drawings, and other design and manufacturing documents synchronized with associativity that
automatically tracks and makes updates
Quickly make variations of your designs by controlling key design parameters
Directly edit your model by simply clicking and dragging model geometry
Generate surfacing for any 3D geometry, even complex organic and stylized shapes
Instantly analyze your 3D model for any solid mass properties and volume (mass, density, volume, moments of inertia,
and so forth)

2.3 FINITEELEMENT MODELING AND ANALYSIS PROCESS OF PRESSURE VESSEL :-
FINITE ELEMENT MODELING

SOLIDWORKS Simulation uses the displacement formulation of the finite element method to calculate component displacements,
strains, and stresses under internal and external loads. The

geometry under analysis is discretized using tetrahedral (3D), triangular (2D), and beam elements, and solved by either a direct
sparse or iterative solver. SOLIDWORKS Simulation also offers the 2D simplification assumption for plane stress, plane strain,
extruded, or axisymmetric options. SOLIDWORKS Simulation can use either an h or p adaptive element type, providing a great
advantage to designers and engineers as the adaptive method ensures that the solution has converged.
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In order to streamline the model definition, SOLIDWORKS Simulation automatically generates a shell mesh (2D) for the following
geometries:

SHEET METAL BODY:
SOLIDWORKS Simulation assigns the thickness of the shell based on the 3D CAD sheet metal thickness, so Product Designers
can leverage the 3D CAD data for Simulation purposes.

SURFACE BODY:
For shell meshing, SOLIDWORKS Simulation offers a productive tool, called the Shell Manager, to manage multiple shell
definitions of your part or assembly document. It improves the workflow for organizing shells according to type, thickness, or
material, and allows for a better visualization and verification of shell properties.
SOLIDWORKS Simulation also offers the 2D simplification assumption for plane stress, plane strain, extruded, or axisymmetric
options.
Product Engineers can simplify structural beams to optimize performance in Simulation to be modeled with beam elements.
Straight, Curved, and tapered Beams are supported. SOLIDWORKS Simulation automatically converts structural members that are
created as weldment features in 3D CAD as beam elements for quick setup of the simulation model.
SOLIDWORKS Simulation can use either an h or p adaptive element type, providing a great advantage to designers and engineers,
as the adaptive method ensures that the solution has converged. Product Engineers can review the internal mesh elements with the
Mesh Sectioning Tools to check the quality of the internal mesh and make adjustments to mesh settings before running the study.
Users can specify local mesh control at vertices, edges, faces, components and beams for a more accurate representation of the
geometry.
Integrated with SOLIDWORKS 3D CAD, finite element analysis using SOLIDWORKS Simulation knows the exact geometry
during the meshing process. And the more accurately the mesh matches the product geometry, the more accurate the analysis
results will be.

FINITE ELEMENT ANALYSIS (FEA)

Since the majority of industrial components are made of metal, most FEA calculations involve metallic components. The analysis
of metal components can be carried out by either linear or nonlinear stress analysis. Which analysis approach you use depends upon
how far you want to push the design:
If you want to ensure the geometry remains in the linear elastic range (that is, once the load is removed, the component returns to
its original shape), then linear stress analysis may be applied, as long as the rotations and displacements are small relative to the
geometry. For such an analysis, factor of safety (FoS) is a common design goal.
Evaluating the effects of postyield load cycling on the geometry, a nonlinear stress analysis should be carried out. In this case, the
impact of strain hardening on the residual stresses and permanent set (deformation) is of most interest.
The analysis of nonmetallic components (such as, plastic or rubber parts) should be carried out using nonlinear stress analysis
methods, due to their complex load deformation relationship. SOLIDWORKS Simulation uses FEA methods to calculate the
displacements and stresses in your product due to operational loads such as:

=  Forces

= Pressures

= Accelerations

= Temperatures

= Contact between components
Loads can be imported from thermal, flow, and motion Simulation studies to perform multiphysics analysis.

MESH DEFINITION

SOLIDWORKS Simulation offers the capability to mesh the CAD geometry in tetrahedral (1st and 2nd order), triangular (1st and
2nd order), beam, and truss elements. The mesh can consist of one type of elements or multiple for mixed mesh. Solid elements are
naturally suitable for bulky
models. Shell elements are naturally suitable for modeling thin parts (such as sheet metals), and beams and trusses are suitable for
modeling structural members.
As SOLIDWORKS Simulation is tightly integrated inside SOLIDWORKS 3D CAD, the topology of the geometry is used for mesh
type:

=  Shell mesh is automatically generated for sheet metal model and surface bodies

= Beam elements are automatically defined for structural members
So their properties are seamlessly leveraged for FEA.
To improve the accuracy of results in a given region, the user can define Local Mesh control for vertices, points, edges, faces, and
components.
SOLIDWORKS Simulation uses two important checks to measure the quality of elements in a mesh:

= Aspect Ratio Check

= Jacobian Points
In case of mesh generation failure, SOLIDWORKS Simulation guides the users with a failure diagnostics tool to locate and resolve
meshing problems. The Mesh Failure Diagnostic tool renders failed parts in shaded display mode in the graphics area.

ANALYSISPROCESS :-
A. PRE-PROCESSING
Pre-processing comprises of building, meshing and loading the model created.
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e  Define type of Analysis.
Solidworks provide wide variety of analysis for real life problem for mechanical and other engineering problems. Static Structural
analysis is used for solving current problem.

o Define Engineering Data for Analysis.
The material that is considered for the shell as well as nozzle is SS304; it is having mechanical properties like young’s modulus of
193-200MPa

o Define Boundary Condition for Analysis.
All the degrees of freedom of the pressure vessel are arrested at the right side edges at shell and head joint location for all models of
pressure vessel under study throughout the thesis.
The magnitude of the pressure considered for at all internal faces.
Mesh Statics:
Type of Element ; Tetrahedrons

B. SOLVING THE MODEL:

With all parts of the model defined, nodes, element, restraints and loads, the analysis part of the model is ready to begin. The
system can determine approximately the values of stresses, deflection, temperature, pressure and vibration.
An analysis requires the following information:

¢ Nodal point

e Element connecting the nodal points

e  Material and its physical properties

e Boundary conditions, which consists of loads and constraints
Analysis options: how the problem will be evaluated

C. POST-PROCESSING:

The post-processing task displays and studies the result of an analysis, which exists in the model as analysis data sets. This task can
generate displays of stress contours, deformed geometry, etc.
Assumptions for Finite Element Analysis of pressure vessel:
Analysis type taken is static structural while neglecting effect of loading and boundary condition with time.
Only internal pressure is considered as load while neglecting all External loads.

2.4 ASME BOILER AND PRESSURE VESSEL CODE (BPVC) (UG27) FORMULAS ARE:

Cylindrical shells:

_ p(r+o.6t) _ p(r—0.4t)
Op = —— Ol = —/——

2tE
where E is the joint efficient, and all others variables as stated above.

The factor of safety is often included in these formulas as well, in the case of the ASME BPVC this term is included in the material
stress value when solving for pressure or thickness.

2.5 THERMAL STRESSES DUE TO THERMAL TRANSIENTS :-
The thermal gradient is that which existed under steady-state conditions; i.e., it is independent of time. In order to reach the
equilibrium thermal conditions from an initial uniform temperature, a transient thermal gradient, changing with time first occurs.
For instance, if cylinder had an initial uniform temperature & beginning with time, t=0, The inside surface is maintained at
temperature Ta, the transient thermal gradients throughout the wall after various time intervals t, are represented by a curve as they
approach steady-state condition. From such curves the mean temperature of the whole cylinder wall & also that of the inner portion
of radius r can be determined. The thermal stresses can be found for any interval with these temperatures. For a very small time

interval t=0, the mean temperature approaches zero, & at surface,

_ aET
ot=—
1-p

This is the numerical maximum thermal stress produced in heating a cylinder. It is equal to the stress necessary to restrict

completely the thermal expansion of the surface. The Tangential stress at any point can then be written:

ot = % [(Mean temperature of the entire cylindrical wall thickness) + ( %the mean temperature with in the cylinder of radius r) —

(Temperature of desired stress location)]
“JOHN F. HARVEY, PUBLISHED BY VAN NOSTRAND REINHOLD COMPANY INC., NEWYORK”

2.6 MAXIMUM ALLOWABLE WORKING PRESSURE
When the thickness of the shell does not exceed one half of the inside radius, the maximum allowable working pressure on the
cylindrical shell of a steam boiler,pressure vessel or drum shall be determined by the strength of the weakest course computed from
the thickness of the plate, the efficiency of the longitudinal joint, or of the ligament between openings (whichever is the least), the
inside radius of the course, and the maximum allowable unit working stress.
P=(SEt)/(R + 0.6t) or t=PR/(SE — 0.6P)

Where,
P = maximum allowable working pressure, pounds per square inch,
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S = maximum allowable unit working stress, pounds per square inch, from Table P7,A.S.M.E. except for shells or headers of
seamless or fusion welded construction exceeding 1/2 inch in thickness, which shall be built under the provisions of A.S.M.E.,
E = efficiency of longitudinal joints or of ligaments between openings:for rivetted joints calculated riveted efficiency; for fusion
welded joints efficiency specified in A.S.M.E.; for seamless shells 100 percent (unity); for ligaments between openings, the
efficiency shall be calculated by the rules given in A.S.M.E.,
t = minimum thickness of shell plates in weakest course, inches,
R = inside radius of the weakest course of the shell or drum, inches.
The maximum allowable working pressure for shells other than cylindrical, and for heads and
other parts, shall be determined in a similar manner using the formulas appropriate for the parts,
as otherwise given in the A.S.M.E. Code or some other acceptable formula.
“N.S. REG. 218/2008”
111 OBSERVATION & ANALYSIS

3.1 INTRODUCTION:-

Implementation of software for designing mechanical equipment facilitate engineer with a comprehensive analysis
either structure analysis or dynamic simulation. Finite Element Analysis of a thin walled pressure vessel under simultaneous
thermal & pressure loading is investigated using simulation based method by FE-based computer code Solidworks cosmos. The
Von-Mises yield criterion has been used to determine the distribution of stress intensity.

Here we study the effect of stresses on vessel walls by changing the shape from cylindrical to square cross-section.
Also find insulation material performance, so as to avoid condensation of steam within vessel due to heat transfer from vessel wall
to atmosphere.

3.2 CIRCULAR SECTION :-

3.2.1 ASSUMPTIONS & BOUNDARY CONDITIONS :-
Here the vessel has the following design characteristics :
Inside volume — 1.178 mt3
Shell:
Inside diameter of shell — 1mt
Length — 1.5mt
Shell material — SS304
('Yield strength — 206807kpa)
Fluid inside pressure vessel — Steam
Working pressure — 150kpa (1.5 kg/cm2)
Working temperature — 125 °c
Insulation material — Glass wool
Weld condition — Fillet weld double sided
For shell area we used filler material SS304 to weld the joints.
For other parts made of mild steel, we used mild steel as filler material to weld the joints.
For better weld we have used CO2 — MIG welding in place of conventional arc welding in order to prevent from weak porous weld
section of arc welding.
Type — Horizontal circular pressure vessel with flat ends having door mechanisms on both ends.
Thin shell (t/d = 0.005 < 0.05)
Shell sheet thickness —
From Table P7,A.S.M.E.
By taking material AISI304 (SS304) equivalent to SA-240
Yield strength = 206807000pa i.e. 206 Mpa i.e. 29994.8psi
Allowable stress(S) = 20000psi = 20000*6.89476 = 137895.2kpa
(Longitudinal butt welded joint efficiency factor for non-radiographed weld) E = 0.7
So, 0.385SE = 0.385%137895.2x0.7 = 37162.75kpa
(Working pressure) P = 150kpa < 0.385SE
From ASME Section VIII, Division 1, paragraph UG-27,

(Minimum design wall thickness of shell plates ) t = R
(SE - 0.6P)
150x500

= =0.777mm
137895.2%0.7—-0.6X150

Taking design shell thickness = 4mm > Minimum design wall thickness of shell plates
To determine the pressure limit of vessel for the chosen design shell thickness,

(2SEt)

(Maximum allowable working pressure or design pressure )P = R o4

_ 2X137895.2X0.7X4
500-0.4x4

= 1549.38kpa > 150kpa (Working pressure)

IJEDR1602380 International Journal of Engineering Development and Research (www.ijedr.org) 2173



file:///E:/Planet%20Publication/IJEDR/Volume%203/Vol%203%20Issue%202/Published_Paper_V3_I2/www.ijedr.org

© 2016 IJEDR | Volume 4, Issue 2 | ISSN: 2321-9939

3.2.2 PART DESCRIPTION :-
Shell body, Top & Bottom cover, Flanges, Flat end reinforcements for both ends, Reinforcement bars, Insulation, Patch plate,
Neoprene rubber gasket.
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SECTION A-A
SCALE] =5

Fig 3.1 Cylindrical pressure vessel model description

3.2.3 PRESSURE LOADING :-
Here on shell of thickness 4mm, with pressure loading on cylindrical vessel, we have a region of stress concentration around the
vertical joint of shell. In other cylindrical areas there is minimal effect of stress.
In the graph showing Von-mises stress on different nodal points on the joint area gives a steep increment in stress values.
In Deformation plot, we have deformation around joint area by 5.5mm.
3.2.4 THERMAL LOADING :-
On Thermal plot, we have 400°k temperature inside shell & temperature goes on reducing through outside insulator surface.
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In Temperature gradient plot, we have no sign of temperature difference on 4mm shell while on other parts like top covers, gate
mechanism & insulator we have clear indication of large temperature gradient.
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Fig 3.2 Von-Mises stress distribution on pressure vessel due to pressure loading.

The above figure is showing that Von- Mises stress mainly concentrate at the vertical welded joint of shell & around the middle of
top & bottom cover, on the other hand there are no traces of stress concentration on other parts of shell. Due to these stresses the
shell tries to buckle around the welded joint with a camber formation & consequently the weld will fail & tear around the joints.
The graph is drawn based on the data points taken on stress concentrated area on one side of welded joint which show us a steep

increase of stress values.

e
T

Fig 3.3 Von-Mises stress distribution at different location of nodal point near the shell joint.
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Fig 3.4 Graph for Von-Mises stress distribution at different location of nodal point near the shell joint.
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Table 3.1 Von-Mises stress distribution at different location of nodal point near the shell joint.
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Fig 3.5 Deformation plot on pressure vessel due to pressure loading.
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Swdy name: presswe-2
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Fig 3.6 Graph of Deformation plot on pressure vessel due to pressure loading.

Table 3.2 Deformation at different nodal point on pressure vessel due to pressure loading.

Date: 08:28 | Thursday l October 01 l 2015
Model name: HORIZONTAL CIRCULAR STEAM PRESSURE VESSEL
Study name: pressure.2
Plot type: Static displacemeant Displacemeanta
Result Type: URES
Node Value (mm) X (mm) Y (mm) Z(mm) Components
23722 0.531 -469.1 173.03 o shell body-1
23720 0.394 -410.44 285.56 o shell body-1
23718 0.832 -328.08 377.31 0 shell body-1
23717 1.574 -234.18 a41.77 o shell body-1
24352 1.136 -182.33 465.57 o shell body-1
24353 1.739 ~89.093 492 ) shell body-1
23626 3.39 -49.5 497.54 o shell body-1
25206 4.434 -25.03 499.37 o shell body-1
23701 5.463 0.5 500 0 shell body-1
26164 4.426 25.532 499,35 o shell body-1
23671 3.34 50.5 497.44 o shell body-1
25246 1.831 B6.097 492.53 0 shell body-1
23991 0.635 121.25 485.08 o0 shell body-1
23992 1.456 189.5 462,7 o shaell body-1
25245 1.792 227.02 445 .49 o0 shell body-1
23990 1.718 263 425.24 0 shell body-1
24221 1.065 316.1 3a7.4a 0 shell body-1
25979 0.663 340.69 365.96 o shell body-1
23989 0.311 363.83 342,97 o shell body-1
25976 0.241 384.93 319.11 o0 shell body-1
24220 0.437 404.47 293.95 () shell body-1
25977 0.590 422.30 267.6 0 shell body-1
25902 0.675 453,86 209.8 0 shell body-1
25903 0.517 478.12 146.3 [ shell body-1
25244 0.241 495.69 65.4481 ) shell body-1
25974 0.093 499,77 -15.2 o shell body-1

On above figure of deformation plot, we can easily notice that a maximum deformation of 5.5 mm is registered around the welded
joint which means a total failure of the welded joint. Again we have taken a no. of data points around the joint at different nodes
showing a steep increase in deflection around joint both in graph & table.
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Fig 3.7 Stress intensity plot on pressure vessel due to pressure loading.
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Fig 3.8 Graph for Stress intensity plot on different nodal point of pressure vessel due to pressure loading.

Table 3.3 Stress intensity values on different nodal point of pressure vessel due to pressure loading.
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Date: OC8:42 l Thursday l October O l 2015

Model name: HORIZONTAL CIRCULAR STEAM PRESSURE VESSEL

| Study name: pressure-2 [ |

Plot type: Static nodal stress
Stress2

Result Type: Intensity
Node Value (N/m”a2) X (mm) Z(mm) Components

24776 23909162 -4B4.49 46.875 zhell body-1
24935 3933207 420.86 46.875 zhell body-1
24638 21632116 355.52 46.875 shell body-1
24603 68588880 -266.03 46.875 shell body-1
24505 105317152 -207 .68 46.875 shell body-1
25076 106128632 122.09 46.875 shell body-1
25103 67979720 82 96 46 875 shell body-1
24264 2059244 495 46 875 shell body-1
24343 32798126 0.5 _26.875 shell body-1
23511 860272388 30.481 46.875 | patch piate--2
24312 |__39082280 505 A6 875 shell body-1
25566 69088448 86.097 46.875 shell body-1
25546 109581488 13476 46.875 shell body-1
25676 117587000 168,99 46 875 Shell body-1
25652 114930632 204.64 46 875 shell body-1
25760 05656144 241 58 46 875 shell body-1
25601 70705024 274.78 46875 shell body-1
25057 51007244 301.44 46.875 shell body-1
25622 21451082 350,79 46 875 shell body-1
25023 0450522 37303 46 875 shell body-1
26030 | 6345237 412 32 46875 |  shell body-1
25588 12338768 44585 46 875 shell body-1
25055 | iemses222 4602 s 46 B75 1 body-1

& 25611 _|_23a440656 [ 48247 A6.875 shell body-1_
25407 i 27611758 401 56 A6 R7S shell body-1

On above figure of stress intensity plot, we can easily notice that a maximum value of stress intensity of 292.7 MPa is registered
around the welded joint which is sufficient to buckle the shell around welded joint. Again we have taken a no. of data points around
the joint at different nodes showing jumps in stress intensity values around joint both in graph & table.

S HORIZONTAL CIRGULAR 5,

Madel name: HORIZONTAL CIRCULAR STEAM PRESSURE VESSEL
Study rm; rexEure-2
Plot type: Deslgn iniaht Design insight1

Fig 3.9 Design insight plot on pressure vessel due to pressure loading.

On above figure shows the Design Insight plot available in Solidworks design platform which shows the sequence of effected areas
on vessel. Here also the affected area is around the vertical welded joint.

On stress plot due to temperature, we have stress concentration around areas like joint of shell, shell neck, top cover & gate
mechanism.

IJEDR1602380 International Journal of Engineering Development and Research (www.ijedr.org) 2179



file:///E:/Planet%20Publication/IJEDR/Volume%203/Vol%203%20Issue%202/Published_Paper_V3_I2/www.ijedr.org

© 2016 IJEDR | Volume 4, Issue 2 | ISSN: 2321-9939

Mo nane NCRICNUTAL CRGOAAR STEAM PRESIUNE vESGn
Eludy (vt Ihersd

Mot type Trmemd Thee et

Tanm sten 4

Torrg (st

400 100

'”‘m

L ARL L

e B
I 4 2
mrev:
L0
20 A0
I ore

X239 67

MNEo80
105 244
260023

Fig 3.10 Temperature plot on pressure vessel due to thermal loading.
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Fig 3.11 Température plbf on dAifferent nodal point of pressure vessel due to thermal loading.

Fig 3.12 Graph of Temperature plot on different nodal point of pressure vessel due to thermal loading.

Table 3.4 Temperature plot on different nodal point of pressure vessel due to thermal loading.
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On above figure of Temperature plot, graph & table maximum temperature is at shell, top & bottom cover. Minimum temperature
is at Flat end reinforcement & at outer layer of insulation cover.

Mok reTe HORZONTAL CROAAR STRAM FRESSUAE VRSSO
Douty rvmver (emirvat

£ type Tharwwed Thenmea

e adogr \

"

6 oeT
143
3000
ALET
am»m
2500

1 osr
.na»
0o

Fig 3.13 Temperature gradient plot on pressure vessel due to thermal loading.
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Fig 3.14 Temperature gradient plot on different nodal point of pressure vessel due to thermal loading.
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Fig 3.15 Graph of Temperature gradient plot on different nodal point of pressure vessel due to thermal loading.

Table 3.5 Temperature gradient plot on different nodal point of pressure vessel due to thermal loading.

| Date: 09:09 [ Thursday | October 01 2015
Model name: HORIZONTAL CIRCULAR STEAM PRESSURE VESSEL
Study name: thermal
Plot type: Tharmal Thermal2
Time step: 1

‘ Raesult Type: GradN

| Node Value (K/m) X (mm) Y (mm) Z (mm) Components
23419 o .A478.45 145.27 46.875 shell body-1
23554 ) =350.08 as7 46.875 shell body-1_|
23551 O -226.18 AA45.92 46,875 shell body-1
23363 &) -81.927 493.24 46.875 shell body-1
23804 0 -25.03 499.37 46.875 shall body-1
24354 0 25,532 A499.35 46.875 shell body-1
23912 0 95.824 490.73 46.875 shell body-1
23925 [} 165.1 471.96 46.875 shell body-1

| 23970 0 243.77 A436.55 46.875 | shell body-1_
24058 o 312.2 390,55 46,875 shell body-1
24169 0 366.17 340.46 46.875 shell body-1
24156 [} 451.3 215.24 46.875 shall body-1
24120 0 494,38 74,778 A46.875 shell body-1

On figure it is easily seen that minimum temperature gradient present at shell & maximum at insulation, top & bottom cover, flat

end reinforcements. On graph & table we have taken a no. of data points on shell, where temperature gradient value is zero.
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Fig 3.16 Von-Mises stress distribution on pressure vessel due to thermal stress.
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Fig 3.17 Von-Mises stress distribution on middle of pressure vessel shell due to thermal stress.
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Study name: thermal streas
Plot type: State nodal stress Stess1
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Fig 3.18 Graph of Von-Mises stress distribution on middle of pressure vessel shell at different nodal point due to thermal stress.

Table 3.6 Von-Mises stress distribution on middle of pressure vessel shell at different nodal point due to thermal stress.

Dt

Novcle
205094
207413
2009113
200920
21014
20310
LO%00
21774
213099
216029
21829
21477
21412
21180

Q20

[ Thurnday Octaber 01 2015
Model namet HEIRIZONTAL CHIROCLIEAIE STEANM PIRESSUIIRE VIESSHL
Bty e thsrmal stress
Mot typal Static nodal stross Strassd
Henult Type von Mines
Volue (N/uu'\/) X () Y (rvum) 2 () COMponants
SA3L5256 AHG, A 196,08 AG.B75 shell body -1
SHA017052 A10.8 224.43 A . B7n shell body -1
A7Aa7a930 LU ) LR ) A0 B7% shwll bhady-1
AN 7AN0N 251,181 AN, 96 AG K75 swholl bhady 1
1051030136 152,66 a6.12 LA 490 shell body 1
11639453606 A0.5 497 .54 A6, 87N shell hoady -1
291091600 209 . 1M5%9 A099 11 A . K75 prte by platw -2
102300111840 2.0 2 A0, 5 A0/ shall hody 1
114772040 R7.002 aA02. 3 AG.R7%5 shell body-1
HOG295060 LGS, 306 A71. 806 A6 875 shell bhody -1
Jaxzxnanza A0 . on aa0. a1 A0 M7 DU byly 1
SHnzZancosa 1071 .59 19K.n A M7N shall body 1
SO3NH224 174,41 130,398 AG.875 shell body -1
GORAZ7HO ANKB. GA 1959 .11 aa. 875 shall bady -1

Figure, graph & table shows that on stress plot due to temperature, in shell we clearly see that maximum stress present at welded
joint & around patch plate covering the welded joint. On other parts also there present significant stress values due to temperature.
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Edge-weld size plot
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Fig. 3.19 Graph of Weld size on different position along weld seam distance.

Table. 3.7 Weld size on different position along weld seam distance.

IJEDR1602380 International Journal of Engineering Development and Research (www.ijedr.org) 2185



file:///E:/Planet%20Publication/IJEDR/Volume%203/Vol%203%20Issue%202/Published_Paper_V3_I2/www.ijedr.org

© 2016 IJEDR | Volume 4, Issue 2 | ISSN: 2321-9939

Edge-weld size plot
201 | Thursday | October OB | 2015
*» Title: Position Along weld seam distance
W Title: Weld size (mmm.)

Point > L (WWeld size (]
1 1] O xE3111
=2 425 875 O O055744
= o375 O S
=2 12063 O 3075
= 187.5 O De2951
=3 2343 58 O 052125
r 281 .25 0 051752
g 328.13 D 019505
=3 375 0. 07 7Ee
] 421 .88 0. 053532
11 A62.75 D 059831
12 515.65 0. 05161
1= S562.5 0. 0367
13 509 38 D 0515353
15 556.25 0 059258
15 TO3.15 D.05 16583
17 7o O 323852
18 Toe BB 0 522977
19 843 75 O a5 18
20 BoD 63 0. 0542845
21 D375 O3S 253
22 B4 58 0 0512277
23 1315 0D 05295
29 1 O0FE. 1 0 0539177
25 1125 O 55031
265 1171.9 0.0 5598
27 12188 0. 036234
28 13656 0. 02307
29 132125 D 062821
3o 1359 .4 D 0S-E345
31 12063 D05
32 14255.1 D DE03 56
33 1 Sy 0 O3 2 536

The above graph & table are showing the recommended weld size for vertical shell joint with patching at different location along
length of joint. We can also see that the values recommended by software for weld size at location like at the beginning & at the
end of weld length require more weld size.
3.3 SQUARE CROSS-SECTION :-
3.3.1 ASSUMPTIONS & BOUNDARY CONDITIONS :-
Design characteristics of pressure vessel:-
Inside volume — 1.178mt3
Shell:
Section — 0.886x0.886 mt?
Height — 1.500mt
Shell thickness — 4mm
Shell material — SS304
Working pressure — 150kpa
Working temperature — 125 °c
Insulation material — Glass wool
Weld condition — Fillet weld double sided
Type — Horizontal square pressure vessel with flat ends having door mechanisms on both ends.
Thin shell (t/d = 0.005 < 0.05)
3.3.2 PART DESCRIPTION :-
Shell body, Top & Bottom cover, Flanges, Flat end reinforcements for both ends, Reinforcement bars, Insulation, internal Patch
plate, external Patch plate, Neoprene rubber gasket.
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Fig 3.20 Square pressure vessel model description

3.3.3 PRESSURE LOADING :-
On shell of thickness 4mm, with pressure loading on square vessel, we have a region of stress concentration around the sharp
corners , the joint shell patching & on the resisting areas of gate mechanism.
In deformation plot, deformation takes place on the middle area of shell by 38mm.

3.3.4 THERMAL LOADING :-
In Thermal plot, the inner shell & cover areas are at a temperature of 398°k. Temperature reduces towards the outside surface of
insulation & outer gate reinforcements.
In temperature gradient plot, there is no sign of temperature difference on shell while on other places like top cover, insulation there
is significant value of temperature gradient.
In stress due to temperature plot, most stressed areas are around the middle areas of shell, top cover & gate mechanism.
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Fig 3.21 Von-Mises stress distribution on pressure vessel due to pressure loading.

The above figure is showing that VVon- Mises stress mainly concentrate at the vertical welded joint of shell on opposite sides around
patching also there are some signs of stress over the faces of flat end reinforcement where the reinforcing bars are pushing against
it, there are also traces of stress concentration at corners of shell. Due to these stresses the shell tries to buckle around the middle of

sides with a camber formation & consequently the weld will fail & tear around the joints.
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Fig 3.22 Von-Mises stress distribution on pressure vessel shell at different nodal point due to pressure loading.
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Fig 3.23 Graph of Von-Muises stress distribution on pressure vessel shell at different nodal point due to pressure loading.

Table 3.8 Von-Mises stress distribution on pressure vessel shell at different nodal point due to pressure loading.

Data 11:00 I Thursday I Ootabar OM I 201%
Maoclol s sequimres section pressurs vessel
Studdy namer Study 1
Mot type Static nodal stress Stressi
Rasult Typa von Misaes

Node Value (N/mA2) x ('Hl"l). Y (i) r 4 (nuu). Camponesnts
Gaa91 AD0GHOOGA Da1.57 71.179 M1h.46 sguarae section. 2
GoAsa 112016640 0A1.47 71.179 763,46 MO meetioan -2
aoane 1840520604 941,57 /71,179 /10346 nounre section 2
66505 4714160096 aa1.n87 az.7a2 GHaB. A6 sOQuUare saction- 2
Goane 1R50%6416 WAl . 87 71.179 663.46 neqiimre wmction. 2
[ = g 111 70a072 “wAa1.47 Az, 742 GAM. A suare soaction 1
27330 220235824 91,87 A7. 742 GOB.AG wepua e seotion-1
GLH2HR JOBARAADG R I az. a2 NON. 58 nepUmre mection-1
GAAD0 AORT7IOMT72 9A1.07 AT.7A2 HBN2.09 sOuUare section 1
GhR280 223191068 A1 87 aA7.7a2 5008 e st -1
6Aa2 Y 155148024 91,87 A7, 742 Ana. 92 neuare section -1
H5200 120775024 9a1.87 A7.7A2 424.02 sguare sectlion-1
A0 704 1801760944 DA N7 16,059 o8 . a6 MU seetion-1
A6 A2 758112 an1. ay 10,099 LR 1) reinforcing plate 4
G401 1525097744 QAL N7 A7 TA2 295%. 47 MO e section -1
65295 196G19H20M -041.57 a7.742 2%2.48 mepuimre mection-1
GH5AN9 2n0765a0m “PAa1.n87 O.nGomG 1M 1% sepuare section-1
65188 224100280 9A1.87 O.H66H6 145.27 MUare section -1
Gh20n 195588810 941,47 O naonG 102,98 sOuare section:l
GhaAAG 109867024 941,87 O.nGonG %9. 491 Shuare saction. 1
65452 110452000 0A1.47 O.RGGAG 27.026 Mg wmetion-1
anaan 414917888 “Wa1.87 O.nLonG 15,561 nouare section 1
GAanon AB0G%4a04 9Aa1.87 O.Mu6HG AT. 726 SHUMre section- 1

The graph & table is drawn based on the data points taken on stress concentrated area on one side which show us a random increase
& decrease of stress values along the shell. The values of stress concentration are significantly high along the corners of square

shell. Here focus is given only on shell area.
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Fig 3.24 Deformation plot on pressure vessel due to pressure loading.
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Fig 3.25 Deformation plot on middle of pressure vessel shell at different nodal points due to pressure loading.

Study name: Study 1
Plot type: Static displacement Displacementl
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Fig 3.26 Graph of Deformation plot on middle of pressure vessel shell at different nodal points due to pressure loading.
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Date: 10:36 |  Friday | October09 | 2015
) Model name! SGUare section pressure vessel )
Study name: Study 1
Plot type: Static displacement Displacement1

Result Type: URES

Node Value (mm) X {mm) | Y (rmm) Z (mm) Components
66036 3.768 55.182 | BT 742 838.46 square section-2
66531 3.43 110.57 ar. 742 838.46 sguare section-2
66119 12.069 -165.96 -A7.742 #238.46 square section-2
66532 21.873 -221.34 ! A47.742 838.46 square section-2
656094 29.554 276.73 47.742 838.46 sguare section-2
66533 34.504 331212 | -a7.742 238 46 square section-2
66120 36.865 -387.5 47.742 818 46 square section-2
66534 37.589 -442.89 -47.742 838.46 square section-2
43927 37.79 A471.87 | 44 816 B48 .46 reinforcing plate-3 |
66530 18 064 %53 66 47.742 238 .46 square section-2
66118 37.216 -609.05 -47.742 838.46 sguUare section-2
66529 34 556 -664 44 -47.742 838.46 square section-2
656093 29.249 719.82 | AT 742 838.46 square section-2
ou')m 21.238 775.21 | a7.742 838.46 square section-2
66117 11.269 -830.6 -47.742 838.46 square section-2
66527 3.1 -885.99 | -47.742 B3B8 .46 square section-2
66007 3.969 -941.37 47.742 838.46 square section-2

Table 3.9 Deformation plot on middle of pressure vessel shell at different nodal points due to préssure loading.

On above figure of deformation plot, we can easily notice that a maximum deformation of 38 mm is registered at the middle of 4
sides which means a total failure of the welded joint of shell. Again we have taken a no. of data points on 1 face at different nodes
showing a parabolic increase in deflection at the middle of faces & minimum at corners both in graph & table. Consequently a
camber formation occur at the middle of every faces. Thus in square vessels mainly affected area are middle of shell.

Fig 3.27 Temperature plot on pressure vessel due to thermal loading.
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Fig 3.28 Temperature plot on pressure vessel components due to thermal loading.
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Fig 3.29 Graph of Temperature plot on pressure vessel components due to thermal loading.

Table 3.10 Temperature plot on pressure vessel components due to thermal loading.

Date: 10:49 Friday | October09 | 2015

Model name: square section pressure vessel

Study name: thermal

Mot type: Thermal Thermall

Time step: 1

Result Type: Temp

_ Node  [Value(kenin) [ X(mm) [ Y{mm) [ Z(mm) [ Componems
13029 | 310.795 9.8179 807.74 | 58.589 top reinforcement. 2
14188 | 380315 161.7 82526 | 24259 | fiatend reinforcement bars-8 |
32191 395.204 349.97 802.74 374.38 top cover-2
6926 377.253 10.182 787.74 456,38 Nuprene rubber gusket-1
17300 299,243 58179 -206.49 454 51 insulation-1
597 398.15 55.182 23524 409 6 | square section-2

On above figure of Temperature plot, graph & table maximum temperature is at shell, top & bottom cover. Minimum temperature
is at Flat end reinforcement & at outer layer of insulation cover.
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Fig 3.30 Temperature gradient plot on pressure vessel due to thermal loading.
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Fig 3.31 Temperature gradient plot on pressure vessel components at different nodal points due to thermal loading.
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Fig 3.32 Graph of Temperature gradient plot on pressure vessel components at different nodal points due to thermal loading.

Table 3.11 Temperature gradient plot on pressure vessel components at different nodal points due to thermal loading.
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Date: 0755 Saturday October 10 2015

Mode! name: square section pressare vessal

Study name: thermal

Plot type: Thermal Thermal2

Timesteg:1

Result Type: GradN

Node Vakse {K/m) X {mm) Y {mm) Z {mmj Components
32738 95445 -10164 -787.74 38278 top reinforcement-2
1133 9552 -538.32 -857.74 0502

13452 1782.732 07408 -817.74 81722

31711 589.524 -655.86 -797.74 6182

17037 -1015.4 53482 47742 insulation-1
15023 -4 -508.37 insulstion-1
17025 -3 -306.42 insulstion-1
34485 - -771.74 sguare section-1
34231 0 - -516.4% square section-1

On figure it is easily seen that minimum temperature gradient present at shell & maximum at insulation, top & bottom cover, flat
end reinforcements. On graph & table we have taken a no. of data points on different locations of every components, where
temperature gradient value increase & decrease.
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Fig 3.33 Von-Mises stress distribution on pressure vessel due to thermal stress.
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Fig 3.34 Von-Mises stress distribution on pressure vessel shell at different nodal point due to thermal stress.
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Fig 3.35 Graph of Von-Mises stress distribution on pressure vessel shell at different nodal point due to thermal stress.

Table 3.12 Von-Mises stress distribution on pressure vessel shell at different nodal point due to thermal stress.

Date: (IH:'IUI Saturday | October 10 | 2015
Maodel name: square section pressure vessel
Study name: thermal stross
Plot lvp.;. Static nodal stress Stress
Result Typo: von Mises

Node Value (N/vu_uv’\)) X (mm) Y (mm) /:(IIIIII.)_ Components

49572 13243002 110,57 A7.742 A7.726 square section-1
40197 40123830 165,96 a7.742 A47.726 square section-1
A9573 A8930620 221.34 A7.742 A7.726 square section-1
49173 59934440 276,73 a47.742 a47.726 square section-1
49574 69993360 332,12 47.742 A7.726 square section-1
19198 B2172352 187.5 aA7.742 a7.726 square section-1
aA9575 D1389616 a42.89 a47.742 A7.726 square section-1
49168 100964344 498.28 A7.742 A7.726 square section-1
49579 OB8aA7792 553,606 a7.742 47,726 square section-1
49200 07951424 609,05 A7.742 47,726 square section-1
149578 77988960 664,14 A7.742 47.726 square section-1
49174 60600168 719.82 A7.742 a47.726 square section-1
49577 49053248 775.21 47,742 47.726 square section-1
49199 40597476 #30.6 47.742 47.726 square section-1
49576 131140382 HH5H. 99 a7.742 a47.726 square section-1
49131 25687624 941.37 A7.742 a7.726 square section-1

Figure, graph & table shows that on stress plot due to temperature, in shell we clearly see that maximum stress present at middle of
shell. Here main focus is on shell. On other parts also there present significant stress values due to temperature.
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& Saturdzy | October 10 015

Study name:Due to thermal stres, different forces acting o nut & bolt connectors on joints

Type ¥-Component | Y-Component | Z-{omponent | Resulfiant Connecior
Shez Farce N 15657 J05017 | 1964 | Counterbore wih Nut-!
byl Foroe N 0.02582 49975 15583 g Counterboee wih Not-1
Bendrgmoment [N-m) | 003476 | 0001533 | 0044029 | 0049913 | Counterbore wih Nat-1
Shear Force IN) 3554 | 0075673 L7901 18371 | Counterbore wih Nut-3
Iyl Fore= [N 00658 | 49988 0.088839 5 Counterbore with Nut-3
Bendngmoment [N-m) | 000614 | 00010454 | 006623 | 0.067143 | Counterboee wih Not-3

Table 3.13 Different forces acting on nut & bolt connectors on joints, due to Thermal stresses

Above table is showing values of shear force, axial force & bending moment over nut & bolt connectors on gate mechanism.

i @ GhLUGE Ll b Modlsl niame. square section pressure vessel
Stucly name: thermal stress
Plot type: Degign Insight Daxign Insightt

Fig 3.36 Design Insight of pressure vessel components due to thermal stress.

On above figure shows the Design Insight plot available in Solidworks design platform which shows the sequence of effected areas
on vessel. Here also the affected area is around the shell collars, top & bottom covers, and reinforcing bars.

Table 3.14 Data comparison chart of analysis result between circular & square section pressure vessel.

Circular Section

Pressure Loading Thermal Loading
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S. | Von-Mises stress Deformation Stress Temperature Temperature Von-Mises

No. (pa) (mm) intensity (pa) | distribution (K) | gradient (K/m) stress (pa)

1 Maximum Maximum 5.513 Maximum Maximum Maximum 10 Maximum
288869568 on on shell joint 292709248 400.169 882958144 on

reinforcement around patch on bars shell joint
bars plate around patch

plate
Square Section
Pressure Loading Thermal Loading
S. Von-Mises stress Deformation Stress Temperature Temperature Von-Mises
No. (pa) (mm) intensity distribution (K) | gradient (K/m) stress (pa)
(pa)
1 206807008 38.064 2529650176 Maximum Maximum 100 Maximum
398.152 100000000

From the comparison chart , it is clearly seen that circular section resist more in comparison to square section on the same loading
condition. In pressure loading although value of von-mises stress is more in circular section in comparison to square but the
location of maximum stress concentration is not on the shell area of circular section. It is on the reinforcement bars. Also the
magnitude of deformation of shell is significantly more on shell of square section in comparison to circular section. In thermal plot
it is clearly visible that magnitude of temperature gradient is more in square section than circular which indicate more heat loss in
square section.
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Fig 3.37 Deformation plot of square section pressure vessel components due to pressure after modification.

On the above figure shows the deformation of square section at the centre of faces & at the centre of top & bottom cover. Here we
have added 2 sets of angle stiffeners of section 40x40x3 mm, supporting the shell of vessel along it’s vertical length at 2 locations
(550mm apart). Consequently the value of deformation at the centre of faces decrease due to resistance offered by angle stiffeners.
Thus we have better result of square section pressure vessel with the above modification.

IV RESULT & DISCUSSION

4.1 COMPARISON BETWEEN 4MM & 5MM THICK SHELLS:-

In previous chapter we have concluded that circular section is suitable for pressure vessel design. In this section by taking a
cylindrical pressure vessel, compare between 4mm and 5mm shell thickness for pressure and thermal loading. For every
observation checked the value of stress and deformation on different parts of vessel.

4.1.1 4MM THICK SHELL MADE OF MATERIAL AISI304
PRESSURE LOADING :
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Here a cylindrical pressure vessel of 4mm thick shell is tested under 150 kpa. A pressure of 150 kpa is applied on inner faces of
shell and upper and lower cover. After analysis, we observed that area of stress concentration is around the shell joint and at the
middle of faces of top and bottom cover. From stress distribution plot of pressure loading the value of maximum stress is over the
reinforcement bars. It is easily observed from figure 5.1 that other areas of shell are free from stresses. Thus the prime matter of
concern is the welded vertical joints of shell, top & bottom end covers, restraining bars. From the deformation plot fig. 5.2, it is
seen that there is maximum deformation at the welded joint ,i.e., 5.513 mm. We see camber formation at the welded joint.

Maodel name: HO
Study name: p
MO type. St (CI 9%
Daformeation zcale: 29.7762

ONTAL CIRCLULAR STEAM PRESSURE VESSEL

van Misws (NAn"2)
2W0,669,568.0
' 264,797 168 0
240,734,762.0
. R16,652,352.0
. 192,579,952.0
. 100507 5360
LR ECR R
L 120,362,736.0

L 05,200 328 0

72,217 9200

L AD14% 5200
240741180
7100

Fig 4.1 Von-Mises stress distribution on pressure vessel due to pressure loading in 4mm thk. shell.

e i palmi e

Fig 4.2 Deformation plot of pressure vessel due to pressure loading in 4mm thk. shell.

THERMAL LOADING :

The temperature gradient plot fig 5.3, below shows the magnitude of 10 K/m across the thickness of top and bottom cover, around
collar of shell and flat end reinforcements. The stress distribution plot fig.5.4, due to thermal load shows a maximum value of 1147
MPa on the restraining bars. The most affected areas are the welded vertical joint of shell, the top and bottom end cover and flat
end reinforcements. The displacement plot due to thermal loading fig 5.5, shows a maximum value of deformation of 3.34 mm at
the middle face of the top and bottom cover, but not at the welded joints.
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Fig 4.3 Temperature gradient on pressure vessel due to thermal loading in 4mm thk. shell.
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Fig 4.4 Von-Mises stress distribution on pressure vessel due to thermal loading in 4mm thk. shell.

LINES Crm)

2040

aman
2 am
1T
R
L tamn
L 1187

L 0.004
[EER]
[T
o oms

Fig 4.5 Deformation plot of pressure vessel due to thermal loading in 4mm thk. shell.

4.1.2. 5MM THICK SHELL MADE OF MATERIAL AlSI304
Taking 5mm thick shell pressure vessel and analyzing under pressure of 150kPa and temperature 125°c , we note the following
observations:-

PRESSURE LOADING :
The stress plot due to pressure fig.5.6, shows a maximum magnitude of stress concentration of 287Mpa at the restraining bars.

Compared to previous observation of 4 mm thick shell, the value of maximum value of stress in 5mm thick shell decreases slightly.
The displacement plot fig.5.7 also shows a decrease of deformation. The value of maximum deformation is at the middle of vertical
welded joints and at the middle of faces of top and bottom cover, i.e. 5.313mm.
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Fig 4.6 Von-Mises stress distribution on pressure vessel due to pressure loading in 5mm thk. shell.
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Fig 4.7 Deformation plot of pressure vessel due to pressure loading in 5mm thk. shell.

THERMAL LOADING :

The temperature gradient plot fig.5.8, shows a value of 10 K/m setup across the thickness of top and bottom cover, collars of shell
and the flat end reinforcements. The stress concentration plot due to thermal gradient fig.5.9, shows a maximum value of 1137 Mpa
which is less in comparison to previous observation of 4mm shell thickness. The displacement plot due to thermal loading fig.5.10,
shows a value of 3.2 mm deformation at the middle faces of top and bottom covers.

1AM e L

Fig 4.8 Temperature gradient on pressure vessel due to thermal loading in 5mm thk. shell.
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Fig 4.9 Von-Mises stress distribution on pressure vessel due to thermal loading in 5mm thk. shell.
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Fig 4.10 Deformation plot of pressure vessel due to thermal loading in 5mm thk. shell.

Table 4.1 Comparison chart of analysis result between 4mm & 5mm thick shell.

4mm thick shell
S. Pressure loading Thermal loading
No.
Von-Mises stress Deformation (mm) Temperature Von-Mises stress Deformation
distribution (pa) gradient (K/m) | distribution (pa) (mm)
1 288869568 5.513 10 1147810816 3.34
5mm thick shell
S. Pressure loading Thermal loading
No.
Von-Mises stress Deformation (mm) Temperature Von-Mises stress Deformation
distribution (pa) gradient (K/m) distribution (pa) (mm)
1 287869568 5.313 10 1137810816 3.2

By comparing with respect to thickness we find that maximum Von-Misses stress level differ in both observations of 4mm & 5mm
thicknesses. In deformation plot, we can make comparison that resultant displacement in 4 mm thick shell is more than 5mm thick.

IJEDR1602380 International Journal of Engineering Development and Research (www.ijedr.org) 2201



file:///E:/Planet%20Publication/IJEDR/Volume%203/Vol%203%20Issue%202/Published_Paper_V3_I2/www.ijedr.org

© 2016 IJEDR | Volume 4, Issue 2 | ISSN: 2321-9939

In thermal plot, the temperature gradient value remain same for both the cases. In thermal stress plot, maximum Von-Mises stress
values are greater in 4mm thickness in comparison to 5mm shell.
Thus we conclude that with increase in thickness, pressure vessel shell safety increases.

4.2. MODIFICATIONS DONE TO PRESSURE VESSEL :-
In order to reduce the amount of deformation on the load affected areas, the following modifications are done:
4.2.1. RESTRAINING BANDS ATTACHED PERPENDICULAR TO THE VERTICAL WELDED JOINT:
At first, attached 2 plate band around the vertical lengths of vessel to arrest the deformation at joint due to failure of weld. The plate
used in band is 5mm thick and 200mm in width

PRESSURE LOADING

The stress distribution plot fig.5.11, shows that after adding bands, there is minimum variation in the magnitude of stress
concentration. It means that the bands attached have no significant effect on the stress distribution. The value of stress is max. at the
shell joints and at top and bottom covers i.e., 241Mpa, which is comparatively less than previous observation of vessel without
modification. In the displacement plot, fig.5.12, due to bands attached, the maximum value of deformation around the shell joints
and at faces of top and bottom covers decreases to 4.298 mm. Thus, the band tries to reduce the deformation around joints and
prevent the failure of weld.

THERMAL LOADING

From fig.5.13, in the stress distribution plot, the maximum stress concentration areas are around the restraining band and welded
joint. The maximum value of von-mises stress is over the restraining bars,i.e., 1087 Mpa. Due to modifications done, the
deformation value decreases by little variation. The maximum deformation value from fig. 5.14, i.e., 3.159 mm is at the middle

faces of top and bottom covers.
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Fig 4.11 Von-Mises stress distribution plot of pressure vessel with modification due to pressure loading in 4mm thk. shell.
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Fig 4.12 Deformation plot of pressure vessel with modification due to pressure loading in 4mm thk. shell.
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Fig 4.13 Von-Mises stress distribution plot of pressure vessel with modification due to Thermal loading in 4mm thk. shell.
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Fig 4.14 Deformation plot of pressure vessel with modification due to Thermal loading in 4mm thk. shell.
4.2.2. HEMISPHERICAL END COVER
The flat end covers previously used are replaced with hemispherical top and bottom covers of thickness 10 mm. Due to
hemispherical shape, the stress distribute regularly and thus, there are less chances of stress concentration.
PRESSURE LOADING
From fig.5.15 of stress distribution plot, there is no sign of stress concentration at the end covers, but there are traces of stress
concentration along the welded joint on the shell area only. The max. value of von-mises stress is 295Mpa at the welded joints of
shell. Whereas, on other parts of vessel, there are no signs of stress. In the fig.5.16, the max. deformation is at the middle of the
welded joints of shell by 3.58 mm, whereas, on other areas, no deformation takes place.

THERMAL LOADING

In temperature plot fig.5.17, shows that the max. value of temperature are at shell, top and bottom covers, i.e., 402 K. From
fig.5.18 of temperature gradient plot, the max. value of gradient is 10K/m at the top and bottom cover and the flat end
reinforcements. There is no temperature gradient at the shell wall. From fig. 5.19, the stress distribution plot due to thermal loading
shows that max. values of von-mises stress are at the welded joint of shell and at the restraining bands, i.e., 478 Mpa. From
fig.5.20, the displacement plot shows that the max. deformation takes place at the collars of shell, i.e., 2.99 mm.
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Fig 4.15 Von-Mises stress distribution plot of pressure vessel with modification 2 due to pressure loading in 4mm thk. shell.
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Fig 4.16 Deformation plot of pressure vessel with modification 2 due to pressure loading in 4mm thk. shell.
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Fig 4.17 Temperature distribution plot of pressure vessel with modification 2 due to thermal loading in 4mm thk. shell.
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Fig 4.18 Temperature gradient plot of pressure vessel with modification 2 due to thermal loading in 4mm thk. shell.
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Fig 4.19 Von-Mises stress distribution plot of pressure vessel with modification 2 due to thermal loading in 4mm thk. shell.
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Fig 4.20 Deformation plot of pressure vessel with modification 2 due to thermal loading in 4mm thk. shell.

Table 4.2 Comparative study of the result of analysis between the modifications added to cad model.

MODIFICATION NO.1 — ADDITION OF RESTRAINING CIRCULAR STRIPS TO SHELL
Pressure loading Thermal loading
S. No. VVon-Mises stress distribution Deformation (mm) Von-Mises stress Deformation
(pa) distribution (pa) (mm)
1 Maximum 241815552 at Maximum 4.298 at 1087847936 Maximum 3.159
reinforcement bars middle of top cover at the middle of
top & bottom
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| | | | cover |
MODIFICATION NO.2 — ADDITION OF RESTRAINING CIRCULAR STRIPS TO SHELL & HEMISPHERICAL TOP &
BOTTOM ENDS IN PLACE OF FLAT ENDS
Pressure loading Thermal loading
S. Von-Mises Deformation Temperature Temperature Von-Mises stress Deformation
No. stress (mm) distribution gradient (K/m) | distribution (pa) (mm)
distribution (K)
(pa)
1 Maximum Maximum 402.319 10 Maximum 2.997
295617952 3.585 at the 478137568 on
around middle of patch plate
patching area patching of
shell

With modifications attached to pressure vessel there is no significant change in the value of stress concentration but the value of
max. deformation decrease. Thus the modifications done only to arrest the deformation of welded joints and the top and bottom
COovers.

V Conclusion & Scope of future work

In this research work, Finite Element Analysis of a pressure vessel under thermal & pressure loading is investigated using
simulation based methods with Solidworks software package. Here in stress plots, the Von-mises yield criterion has been used to
determine the stress distribution & to distinguish between stressed & minimum stressed areas. Here we observed that both pressure
loading & stress generated due to thermal loading have significant role in the deformation of pressure vessel. The stressed areas are
also different for pressure loading & thermal loading depending on the type of cross-section of pressure vessel. When we compare
the loading effect on circular cross-section with square cross-section there is significant difference in the behavior of these 2 types
of pressure vessel.

By comparing with pressure loading, it is clearly visible that stress concentration in circular section concentrate only
on the region around vertical joint of shell & in other region of shell there are no sign of stress concentration while we have
observed that in square section on shell area, stress concentration occur not only on the joint shell patching but also on the four
sharp corners of the vessel. In the deformation plot too, we have a better performance in circular section than in square one. In
circular, deformation takes place only around the vertical shell joint while deformation at the Centre of all 4 faces in square shell
are clearly visible and in significant amount. This denote that with same magnitude of pressure loading, circular section of vessel
shell resist better in comparison with square one.

When we come to thermal plots we don’t have a distinguishing weakness for comparison between both the vessels
because in both types there is no temperature gradient present on shell area but in other part like gate mechanism & insulation there
is significant variation in temperature gradient. Due to this temperature gradient, thermal stress concentrate only on the regions with
significant value of temperature gradient i.e. the top & bottom cover, gate mechanism, neck collar etc. In shell areas of both vessel
types we have no significant effect due to thermal loading.

It is also interesting to know that in temperature gradient plot in circular section the maximum value of
temperature gradient is 10 while in the square section, this value touch 100. Surface area on circular section in contact with outside
atmosphere is less in comparison to square section. Thus it is proved that minimum heat loss from inside of vessel take place in
circular section. By determining all these points we come to the conclusion that pressure vessel with cylindrical shell is more
efficient than vessel with square shell. And by observing the failure of vessels at joints make us conclude that proper welding of
joints as per standard has great impact on construction of pressure vessels & it’s prevention from failure.

Further by using FEA we can verify & validate different shape of pressure vessels required for different
purposes in different environmental conditions.
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