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In the present work design and finite element analysis of solid cylinder and
multilayer cylinder with dish end are performed, due to which thermal
stress have found using ANSYS software. Solid, multi cylinder and
hemisphere dish end are designed according to ASME and results are

compared with simulation software ANSYS and thermal analysis are
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performed according to design temperate and results are imported in to
structural analysis to find out thermal stresses.
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Introduction:

In thick walled cylinders subjected to internal
pressure only, it can be seen from the equation of the
hoop stress that the maximum stresses occur at the inside
radius and this can be given. It can be shown that for
large internal pressures in thick walled cylinders the wall
thickness is required to be very large. This is shown
schematically in figure.

t —»

Fig: 1. internal pressures V/s thickness

This means that the material near the outer edge of
the cylinder is not effectively used since the stresses near
the outer edge gradually reduce. In order to make thick-
walled cylinders that resist elastically large internal
pressure and make effective use of material at the outer
portion of the cylinder the following methods of
prestressing are used:
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* Shrinking a hollow cylinder over the main cylinder.
(Compound cylinders)

* Multilayered or laminated cylinders.

An outer cylinder (jacket) with the internal diameter
slightly smaller than the outer diameter of the main
cylinder is heated and fitted onto the main cylinder.
When the assembly cools down to room temperature, a
compound cylinder is obtained. In this process the main
cylinder is subjected to an external pressure leading to
radial compressive stresses at the interface as shown in
figure

Fig: 2. internal cylinder
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Design of Thick Shell with Dish End:

r, A solid wall vessel consists of a single cylindrical

Y shell, with closed ends. Due to high internal pressure and

large thickness the shell is considered as a ‘thick’

cylinder design pressure has taken as 25 M.Pa, internal

—- radius 1000mm , thickness has found 227 mm to carry
specified pressure

\\
“‘ } Pressure 25 M.Pa \ ‘

woomm | |
/

Fig: 3. External cylinder \ — ,/

3000 mm

The outer cylinder is subjected to an internal
pressure leading to tensile circumferential Stresses at the
interface as shown in figure. Under these conditions as
the internal pressure increases, the compression in the
internal cylinder is first released and then only the
cylinder begins to act in tension.

Fig: 5. Solid pressure vessel
Material of Construction:

Vessel SA 515 GR 70

Laminated cylinders: Dished Ends SA 515 GR 70

The laminated cylinders are made by stretching Allowable Stress value:

the shells in tension and then welding along a

. 2
longitudinal seam. This is shown in figure Vessel & Dished Ends - 125 N/mm

The thickness of the Vessel is calculated from the
equation

(SJ+P)
t= R.[[————=-1]+C.A
m e
u ﬂmm (1000 [AZX1525) | o

(125 x 1-25)

=227.74 mm

Design of Hemispherical Dished End:

Welded junctions The thickness of the dished end is given by

P Ri

= ————+CA
2S7-02P

25x1000
ty= +
2 x125x1.0-0.2x 25

Fig: 4. Laminated cylinder

=105.04mm
In that laminated cylinder tangential stresses,

shrinkage stresses and warping stresses are developed (Adopted Thickness of the dished end is, t; =227 mm)
due to which we can find stresses distribution along each
layer of cylindrical shell.
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stx =138.483
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101.79 110.964 120.137 129.31 138.483

Fig: 6. Total stresses developed in cylindrical shell
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Fig: 7. Graph represents stresses developed along wall
thickness from inside.

AN

JUL 12 2013
23:43:33

NODAL SOLUTION

TIME=1
/EXPANDED
sx (av6)

-24.466 9.206 42.877 76.549 110.221
-7.63 26.042 59.713 93.385 127.056

Fig: 8. x-directional stresses in cylindrical shell

[ L 12 2013
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TIME=1
/EXPANDED
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DX =5.328
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Fig: 9. Total Stresses developed in hemisphere end

NODAL SOLUTION
STEP=1

sUB =1

TIME=1
/EXPANDED
SEQV (ave)
DMX =.589994
SMN =35.631
SMX =129.303

35.631 56.447 77.263 98.079 118.89
46.039 66.855 87.671 108.487

AN

JuL

129.303

13 2013
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Fig: 10. Stresses developed in cylinder and Hemisphere

ends (inside view)

Jo— auL 13 2013
s -1 00:09:13
TIME=1
/EXPANDED
35.631 56.447 77.263 98.079 118.895
46.039 66.855 87.671 108.487 129.303

Fig: 11. Stresses developed in cylinder and Hemisphere

ends (Outside view)
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Tangential Stresses Due To Internal Pressure:

Table: 1. The tangential stress induced due to internal
pressure in the multi layer shell at different layers is
Theoretical Ansys expressed by Seely,F.B., and Smith, A.O., as Tangential
M.Pa M. Pa stress developed in n™ layer due to internal pressure
Cylinder 125 127
Di 2 2
sh End 125 (For Adaptglehickness) (Sn) = ?Rlz(R; +1]
- R; -R7{ X
Cylinder + 129 ° i
Dish End

LINER =

25x1000° [ 11682 N
11682 =10007 | 10062

1] = 161.16 M .Pa

Wrapping Stresses Due to Wrapping Pressure:

Pressure 25 M. Pa EDD
2 2 2 2
i _ nKwE(R}, ~R)R{, ~Rj,
3000 mm ] 1+1 N 3 2 2
| ! 47[Ri+1(Ri+2_Rl)
) . The wrapping stress in the layer “27thi" due to
Fig: 12. Multi layer Pressure Vessel wrapping pressure is given by the equation
The thickness of the shell is calculated from the P. R.
ASME modified membrane theory equation as S, = il
t
P Ri 2 2 2 2
=——— +CA ~3x 0.1x 10x2.1e5 (11627 —10007) (1168° —11627)
SJ-0.6P P= 2 3 2 :
7 11627 (11687 —10007)
25x1000
= +3.0
=169.66 mm
Wrapping Stress on 27" layer:
Provided thickness, t =162 mm (12 mm Liner) + 27
layers of 6 mm thick) S = (0429%1162)/6 =83.08 N/mm’

Shrinkage Stresses - Weld Shrinkage of Layers.
The Thickness of Liner (core Tube)= 12 mm Stress in any layer due to welding other layers around it

The Thickness of Each Layer = 6mm is given by the equation

X

2 n 2
Number of Layers = 27 S =— [1 + R} ] P., R

e i+1 i+1
X2 zl: Ri2+1 'R12

The thickness of the dished end is given by
Where X = (R,.; + R,2)/2

“ ﬁ+ S, =0.00 N/mm?
Shrinkage Stress on 27" layer.
t = 25x1000 +3.0 Shrinkage St 20t | due t i £ oph
¢ 2 x125x1.0-02x25 ge Stress on ayer due to welding o

layer.

1000° 0.456 x 11207
S, =-1 2 * 2 2
1117 1120° —1000

=105 mm

_ 2
The adopted thickness of the dished end = 162 mm. * 20'37} = 242N mm

www.ijarst.com S. Sanyasinaidu. et. al. Page | 70



Int. J. Adv. Res. Sci. Technol. Volume 2, Issue2, 2013, pp 67-73.

NODAL SOLUTION
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/EXPANDED
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99.039

Fig: 16. Total stresses developed in hemisphere end

multilayer vessel

Fig: 13. Multi layer planning in ANSYS geometric

model

NODAL SOLUTION

NODAL SOLUTION
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x

s:
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SMX =159.401

-24.386
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11:03:09

92 155.69
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s Ltit Lned: Fig: 17. Total stresses developed in multi layer cylinder

and hemisphere ends (inside view)

Fig: 14. x-directional stresses developed in multi layer

cylinder

NODAL SOLUTION

sTEP=1
SUB =1

NODAL SOLUTION
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Fig: 18. Total stresses developed in multi layer cylinder

and hemisphere ends (outside)

Fig: 15. Total stresses developed in multi layered for
pressure cylinder
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Table: 2.
Theoretical Ansys
M.Pa M.Pa
Cylinder 165 168.401
Dish End 125 99 (For Adapted
Thickness)

Cylinder+

: 1
Dish End o8

NODAL SOLUTION AN

Fig: 19. Temperature distribution along solid cylinder

and dish end

NODAL SOLUTION

STEP=1
SUB =1
TIME=1
/EXPANDED
5%

AN

JUL 13 2013
13:30:07

-27.231
-7

50.827
2

couple field analysis of solid shell

128.885
37 148.399

Fig: 20. x- directional Thermal stresses in solid cylinder
hemisphere ends

SMx =167.993

AN

NODAL SOLUTION

JUL 13 2013
STEP=1 13:14:48
SUB -1
TIME=1
/EXPANDED
sEQV. (ave)
DX =7.18

45.299
58.932

couple field analysis

72.564 99.83
86.197 113.462

for multilayer shell

127.095

154.36
140.728 167.993

Fig: 21. Stresses in multi layer cylinder and hemisphere
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TIME=1

/EXPANDED

23.219 47.905 72.59

couple field analysis of solid shell

NODAL SOLUTION

JUL 13 2013
STEP=1 13:30:28
SUB =1

. 97.275 121.96
35.562 60.247 84.932 109.618 134.303

Fig: 22. Thermal stresses in solid cylinder and
hemisphere ends
AN
NODAL SOLUTION
JUL 13 2013
STEP=1 13:14:32
SUB =1
TIME=1
/EXPANDED
SX (RVG)
-
DMX =7.183
SMN =-29.192
SMX =188.5
-29.192 19.184 67.56 115.936 164.312
-5.004 43.372 91.748 140.124 188.5
couple field analysis for multilayer shell

Fig: 23.

X-directinal thermal stress in multilayer cylinder
hemisphere ends

Conclusions:

1.

Replacing of multi cylinder instead of solid
cylinder to getting uniform stress distribution
over inside to outside wall.

2. According to design 25.55% of thickness is
reduced due to multi layer cylinder and dish end.

3. According to fabrication multi layer technique is
an easy process compared with solid cylinder.

4. Analysis software is used to perform all analysis
and compared with design results.

5. Deviation between analysis and design results is
in minimum.

6. All stress are in allowable limit of used material.
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