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Abstract - A pressure(Weight) vessel is the shut compartment
have intended to store the gases also fluids at pressure not quite
the same as the surrounding pressure. The current article has
intended to do investigate about itemized plan and examination
of a weight vessel with the end goal of air stockpiling. For
present examination low weight vessel with inward weight 1.48
MPa has been thought of. Mathematical and limited component
model (FEM)of Pressure vessel has been made by programming
ANSYS 15.0. Enhancement measure has been additionally
applied utilizing ANSYS 15.0 by screening strategy. By utilizing
streamlining, the burdens esteems diminish the (13.10 %for the
head and 9.088 % for the shell) for pressure vessel, these
outcomes in improvement in the life of the weight vessel and
decrease the odds of blasting the weight vessel. The upgraded
estimation of mass decreases the weight (18.57% for shell), thus
lessen the material expense of the vessel. Additionally, utilizing
enhanced estimations of shell and head got by screening
technique Pressure vessel has been created.

Key Words: Fabrication of a Low Pressure Vessel, Low
Pressure Vessel.

1. INTRODUCTION

A Pressure Vessel have a shut compartment to hold gases or
fluids [1] at a weight considerably unique in relation to the
surrounding pressure. They find wide applications in warm and
atomic force plants, substance businesses, petroleum treatment
facilities and so forth where steam or gas are to be put away
under high weights. Since the weight vessels are worked under
high weights, they should be planned with incredible
consideration, giving more factor of security, on account of their
disappointments mostly by blast, result the substantial
misfortune to lives and properties. Thusly, pressure vessel
configuration, assembling, and activity are controlled by
designing specialists upheld by enactment. Many weight vessels
are made of steel. To fabricate a round and hollow weight
vessel, rolled and potentially manufactured parts would need to
be welded together.

Bolted joints can likewise be utilized by ensuring thatthe vessels
are watertight by following methodology like caulking,
fullering. Strength, consumption opposition, break durability,
texture capacity are the material determination factors [8].

Weight vessels are named slim and thick chambers as per
measurements and open and shut end vessel asindicated by their
end development.

They are grouped dependent on shape and heading of weight
moreover. The end covers on a round and hollow molded weight
vessel are usually known as heads. The state of the heads can
differ. The kinds of heads under scrutiny have been chosen with
a view to similarity between the suppositions fundamental the
hypothesis and concurrence with the conditions existing in
modern practice. The four kinds of heads under scrutiny are
hemispherical head, semielliptical head, profound head and
shallow head [8].

Weight vessels are airtight holders that are utilized to store and
ship fluid/steam/gas at uncommon state of weight or
temperature. Clearly pressure vessels have an indispensable job
in establishment of different enterprises especially in oil
ventures. Additionally for making pressure vessel more effective
fitting comprehension of stresses at different piece of weight
vessel is likewise significant which emerges because of high
weight or temperature inside the vessel. This investigation of
stress is important to maintain a strategic distance from the
disappointment of weight vessel which may cause a genuine
mishap. In different written works pressure vessels have been
taken for different applications and distinctive improvement
strategies has been applied at different parts for lessening the
pressure or weight of the weight vessel. In the base paper [1] a
barrel shaped weight vessel, as used to create steam at low
weight for an evaporator drum has been taken, the vessel
comprises of a round and hollowbit with the two closures shut
utilizing hemispherical structure. A spout is welded on at the
midpoint of the length of the vessel which is upheld on two
backings. The vessel is developed utilizing material low
compound steel of type ASME SA516Gr70. In this paper
model has been produced utilizing ANSYS calculation
modeler programming and investigation and streamlining part
has been likewise done utilizing ANSYS.

In the weight vessel basically three sorts of stresses are
instigating when inner weight is applied. In shell part of the
weight vessel circumferential (or Hoop) stress is the most basic
which when surpassed the restricting worth may cause for
blasting of weight vessel. Inappropriate plan and determination
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of head are likewise the purposes for higher estimations of stress
in the weight vessel. Likewise Higher Value of mass of
weight vessel makes pressure vessel heavier and increment the
expense of weight vessel. Henceforth considering the above
issues following targets has been taken for this examination:

a. The principle destinations of examination are to discover
the pressure and misshapening in different piece of the weight
vessel utilizing Analytical technique and approve with the
CAD model.

b.This research is center to discover the upgraded estimation of
weight vessel parts (shell and head) measurements utilizing
ANSYS 15.0 Software important to keep away from the
disappointment of weight vessel which may cause a genuine
mishap.

c.The objective of exploration is to lessen the mass of weight
vessel. This decrease of mass will diminish the complete
expense of material.

d. Fabrication of the weight vessel utilizing the ideal qualities
got from streamlining by screening technique utilizing ANSYS
18.1.

In this report the vessel viable is a flimsy, tube shaped vessel
with shut end exposed to interior weight. In this exploration a
weight vessel has been taken from a functional applicationand
with the assistance of CAD programming
(ANSYS) demonstrating, approval and investigation of this
weight vessel should be possible for Von-misses Stress. After
approval utilizing a similar programming enhancement has
been accomplished for weight decrease and decrease of
pressure determined by ASME kettle and weight vessel
guidelines. For this examination a low weight vessel (Applied
weight =1.48 MPa) has been taken for air stockpiling reason.

2. RESEARCH METHODOLOGY

Table 1: Design data used for present low pressure vessel

Figure. 1: The Von Mises pressure and all out
disfigurement across the head

Figure. 2: Total Deformation (Maximum 0.41078 mm)

for Head
S.No | Design code ASME Section VIII DIV-1 Table 2: Validation of FEA model for Head
1 Internal 1.48 MPa (15 Kg/cm2)
design pressur Results FEA Analytical %age
2 Operating pressure 0.99MPa (10.09 Kg/cm.>) Value Value Variation
Von Mises 120.03 118 MPa 1.69
(A). Modeling, Analysis & Optimization of Head Stress (MPa)
Mass (kg) 131.39 132.67kg 0.96
For the applied burden and limit condition are appeared in fig 1- Total 041078 | -ooomem |
3 separately. Deformation

After limited component investigation for before chose limit and
stacking conditions results are given beneath in table 1.

Table 2 shows that utilizing ANSYS 15.0 Software, FEA
estimation of stress has just 1.69% of variety with scientific
worth andthat for the mass is0.96%. Subsequently CAD
model for Head of the weight vessel is approved.

The Screening streamlining technique utilizes a basic
methodology dependent on inspecting and arranging. It bolsters
various targets and limitations just as a wide range of
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information boundaries. Generally it is utilized for primer plan.
This strategy for improvement produces 100 examples and
discovers 3 applicants.

For streamlining of head, Crown Radius and Knuckle Radius
have been chosen as info boundaries and VVon Mises pressure
as vyield boundary. Subsequent to running improvement
measure 100 examples has been created given in Appendix A.
The streamlining cycle Converged after 100 assessments and
produced three applicant focuses for ideal estimation of stress as
given underneath in fig. 4.

From three candidate points candidate Point 1 has been
selected and after taking the optimum dimensions as following

Inside Crown Radius = 947.03 mm=948 mm
Inside Knuckle Radius = 214.12 mm = 215mm
Straight Face = 40 mm

Table 3: Evaluation of Optimized Value with the Earlier

FEA Results
No. Description Previous Optimal
(mm) FEA value Value

1. Inside  Crown 1035 948
Radius

2. Inside Knuckle 199 215
Radius

3 Straight Face 40 40

4, Von-Mises 120.03 104.3
Stress (MPa)

5. Deformation 0.44034 0.37673

2.1. Modelling Analysis & Optimization of Shell

The Von Mises stress and total deformation across the shell
for the applied load are shown in fig 6 & fig 7 respectively.
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The Screening optimization method uses a simple approach based on » D
sampling and sorting. It supports multiple objectives and constraints as -
L] Screening well as all types of input parameters. Usually it is used for preliminary
design, which may lead you to apply other methods for mare refined
optimization results.
5 Configuration Generate 100 samples and find 3 candidates.
[ Status ‘Converged after 100 evaluations.
7 =
8 Candidate Point 1 Candidate Point 2 G int 3
] P1 - big_dia (mm) 947.03 930,15 1096.1
10 P2 - small_dia (mm) 214.12 215.37 216.92
11 P4 - Equivalent Stress Maximum (MPa) ﬁ*‘k 106.88 YW 110.15 Jr 11178

Figure. 3: Final three Candidate values by
Screening Optimization Method (for Head)
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Figure. 4: Von Mises Stress for Head using Candidate 1

Comparison of previous FEA value with Optimized value for
head is given in table 3.
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Figure. 5: Von Mises Stress (Maximum 122.46 MPa)
for shell

Figure. 6: Total Deformation (Maximum 0.19102 mm) for
shell
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Table 4: Validation of FEA Model for Shell

Results FEA Analytical %age
Value Value Variation
\Von 122.46 118 MPa 3.78
Mises Stre MPa
Mass 570.56kg 572.147 kg 0.277
Total 0.19102 | - | e
Deformation mm

After finite element analysis for earlier decided boundary
and loading conditions results are given below in table 4.

Table 5 shows that utilizing ANSYS 15.0 Software, FEA
estimation of stress has just 3.78% of variety with scientific
worth and that for the mass is 0.277%.

For advancement Thickness of shell has been chosen
as information boundaries and Von mises pressure and mass
as yield boundaries. For advancement Thickness of shell has
been chosen as info boundaries and Von mises pressure and
massas yield boundaries.

The streamlining cycle Converged after 100 assessments
and created three best applicant focuses for ideal estimation of
stress and mass as given underneath in fig. 8.

* =X
A B C D
fB = Opti
X _ Goal, Minimize P4 (Default importance); Strict Constraint, P4 values

2 Minimize P4; P4 <= 110 MPa less than or equals to 110 MPa (Default importance)

3 Minimize P2 Goal, Minimize P2 (Default importance)

PRl = Cpt
The Screening optimization method uses a simple approach based on
sampling and sorting. It supports multiple objectives and constraints as

5 Screening well as all types of input parameters. Usually it is used for preliminary
design, which may lead you to apply other methods for more refined
optimization results.

6 Configuration Gengrate 100 samples and find 3 candidates.

7 Status Converged after 100 evaluations,

8 p

9 Candidate Paint 1 Candidate Point 2 Candidate Point 3

10 P1 - thikness (mm) 8.135 8.645 9.035

11 P2 - Geometry Mass (ka) .(r(‘( 464.56 Trir 493.51 Jr  515.67
Lt,

12 P4 - Equivalent Stress Maximum (MPa) | 9% vr 95.322 W 10105 TR 9272

Figure. 7: Final three Candidate points by Screening
Optimization Method (for Shell)

From three candidate points candidate Point1 has
been selected and the optimum dimensions selected are given
below

Thickness of Shell = 8.135 mm (8 mm)
Inside Radius of the pressure vessel =575mm

Showbros T 8 1 4 B 8- W h®
on -

Figure. 8: Von Mises Stress for Shell using Candidate 1

Table 5: Comparison of previous FEA value with
Optimized value for head is given in

S. Description Uni FEA Optimal
N t value Value
0.
1. Thickness of mm 10 8
Shell
2. Inside Radius mm 575 575
of shell
3. Mass kg 570.56 462.64
4, Von- MPa 122.46 111.33
Mises Stress
5. Deformation mm 0.19102 0.17366

3. RESULTS AND DISCUSSIONS

In this research the pressure vessel has been designed analy
tically first and then the CAD model has been validated using
ANSYS 18.1. After validation of the FE model optimization
process has been applied for Shell and Head dimensions so th
at stress, mass and defomation has been reduced significantly.

3.1. Results Obtained for Head

Incase of head of pressure vessel, after optimization
Von Mises stress has been reduced by 13.10 % as compared
to the FEA Von Mises stress and total deformation is reduced
by 12.46%. The comparison between optimum value and
Finite Element Analysis (FEA) Valuefor Head hasbeen
represented in Table 6.
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Table 6: Comparison between FEA Value and Optimal
Value for Head

S. Description FEA Optima % age
No. value I Value Reduction
1. Inside 1035 948 | -
Crown Radius - --
(mm)
2. Inside 199 215 | -
Knuckle - --
Radius
(mm)
3 Straight 40 40 | -
Face (mm) - --
4, Von-Mises 120.03 104.3 13.10
Stress (MPa)
5. Deformatio 0.4403 0.38541 12.46
n (mm) 4

3.2. Results Obtained for Shell

If there should be an occurrence of shell of weight vessel, after
improvement mass of shellhas been decreased by 18.57%
when contrasted with the FEA esteem, thoughVon Mises
pressure and all out distortion the two has been diminished by
9.088%.

The examination between ideal worth and Finite
Element Analysis (FEA) Value for shell has been spoken to in
Table 7.

Table 7: Evaluation between FEA Value and Optimal
Value for Shell

S. Descriptio FEA Optimal % age
No. n value Value Reduction
1. Thickness 10 8 | e
of Shell (mm)
2. Inside 575 575 | -
Radius of
shell (mm)
3. Mass (kg) 570.56 464.56 18.57
4. Von-Mises 122.46 111.33 9.088
Stress (MPa)
5. Deformatio 0.1910 0.17366 9.088
n (mm) 2
4. CONCLUSIONS
1. The enhanced estimation of the weight vessel has

been acquired by Screening strategy utilizing ANSYS 15.0

2. These advanced qualities diminish the anxieties
(13.10 % for head &9.088 % for shell) inthe weight
vessel, which will expand the life of the weight vessel and
decrease the odds of blasting the weight vessel.

3. The improved estimation of mass decreases the
weight (18.57% for shell), subsequently diminish the
material expense of the vessel.

4. Using enhanced estimations of shell and head
acquired by screening strategy Pressure vessel has been
manufactured.
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