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Abstract: In order to study the influence of round transition on stress distribution at the nozzle junction of a
spherical shell, fimte element model 1s built in the light of large opemung spherical shell with flatting nozzle and
mnside-stretching nozzle differently. It 1s carried on finite element analysis through capturing stress nephogram
and path-linearization. The study shows there is higher stress concentration at the nozzle junction.
Sharp-angled transition can produce higher stress than round transition, Round transition can reduce stress
compared with sharp-angled transition in any case it is a flatting nozzle or an inside-stretching nozzle. Maximum
stress value can reduce 8% approximately. Besides maximum stress, other stresses all have some decline. So,
we can adopt round transition for reducing stress and increases strength. The study provides an important

foundation for building finite element model in future.
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INTRODUCTION

The spherical shell 15 widely used in chemical
industry production. Opemings and nozzles on spherical
shells are meviTable for installation, process and
mspection (Dekker and Brink, 2000). They will not only
weaken the strength of spherical shells but also
generate boundary stress on the joint of wvessels and
nozzles, leading to severe stress concentration
(Schindler and Zeman, 2003; Liu et al., 2001). So, the joint
is the most vulnerable part to failure. Tt’s of great
importance to study the influence of various parameters
on the stress distribution of the openings and nozzles.
Many experts and scholars have done a lot of research
with finite element techmque (Weib and Rudolph, 1995;
Jayaraman and Rao, 1978; Chao and Sutton, 1985). Moffat
took over a detailed study of the nozzles on a cylindrical
shell with 20 nodes 1soperimetric element and concluded
the graphs of the maximum stress concentration
coefficient on different geometry parameters in internal
pressure and six moments function (Moffat et al, 1991,
Lu and Li, 2002) got the stress concentration coefficient
on nozzle area on a cylindrical shell due to internal
pressure using finite element analysis (Lu and T4, 2002).
Usually, it’s not round but sharp-angled transition that
was adopted n joint when a fimte element model was built
mn all of the above papers for sumplification. At present,
there 13 no enough data to show influences of the two
treatments on the real stress distribution.

In this study, the stress distribution of sharp-angled
and round transition 1s studied on the condition of large
opening  spherical shell with flatting nozzle and
inside-stretching  nozzle differently, using the fimte
element ANSYS. The necessity of round transition in
finite element analysis 1s discussed which will provide
theoretical basis on model building.

FINITE ELEMENT ANALYSIS OF LARGE OPENING
SPHERICAL SHELL WITH FLATTING NOZZLE

A spherical shell, inner diameter D, = 1000 mm,
thickness T = 10 mm and external diameter of the nozzle d,
= 530 mm, thickness of the nozzle t = 12 mm, overhanging
length should be far outweigh the relaxation length of
the boundary stress in the joint, h = 240 mm. Sharp-
angled transition and rounded transition were adopted in
the joint of nozzle and spherical shell, inner wall round
radius 1, = 12 mm, outside wall round radius r, = 10 mm.
The geometric model was shown in Fig. 1, under normal
temperature, design pressure p = 4 MPa, the material
of spherical shell and nozzle is 16 MnR. Elastic
modulus E = 2x10° MPa, Poisson’s ratio mu = 0.3.

The model is simplified into an axial symmetry one to
analyze due to both the geometric shape and the leading
are axial symmetry. It 1s meshed i PLANESZ, then applied
load and boundary conditions. The inner wall of the
spherical and nozzle is applied pressure 4MPa while the
upper nozzle 1s applied tensile load -41.20MPa (5),
boundary conditions are symmetry plane applying on the
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lower of the spherical shell. The stress distribution of the
two models is shown in Fig. 2 and 3.

There are two high stress areas i both Fig. 2 and 3.
Omne exists in the external surface of spherical shell near
the joint; the other appears in the inner swface of the
spherical shell. The difference is the position of the
maximum stress. The maximum stress value 1s 504.088MPa
on node 2 in Fig. 2 and 460.871 MPa on node 2277 in
Fig. 3. Compared with Fig. 2, the maximum stress is
reduced by 8.6% in Fig. 3.

Path 1-1 1s defined through the spherical shell
thickness at the point of maximum stress value. Path 2-2
1s also defined from the inner angular point to the external

Fig. 1: Geometric model

angular point. Stress linearization along the path and
classification achieves the results in Table 1.

Each kind of stress 1s almost same in both two
conditions along path 1-1 from Table 1. The peak stress
and total stress varies a lot along path 2-2. The main
characteristic of peak stress is high localization that won't
cause significant deformation. So, the peak stress can be
neglected usually except m fatigue analysis. Membrane
stress and membrane stress plus bending stress vary
little. That is, the maximum stress can be reduced by
round transition m the joint.

FINITE ELEMENT ANALYSIS OF LARGE OPENING
SPHERICAL SHELL WITH INSIDE-STRETCHING
NOZZLE

There is an inside-stretching nozzle in spherical
shell. The inside-stretching length h = 100 mm, other
parameters of shell and nozzle are the same as above
defimition. Sharp-angled transition and round transition
are adopted, respectively. Finite element model is built,
meshed, loaded and solved The stress nephogram
15 shownin Fig. 4 and 5.

The number and position of high stress area are the
same in Fig. 4 and 5, as is the position of maximum stress
point. The difference is that the maximum stress value is
7.5% lower 1n Fig. 5 than that in Fig. 4, whose scale 1s
almost same compared with that of flatting nozzle.

Comparing Fig. 4 with Fig. 2, the maximum stress
value falls from 504.1 to 4433 MPa, falling 12.1%,
comparing Fig. 5 with Fig. 3, the maximum stress value
falls from 460.9 to 410.2 MPa, falling 11%. It 1s clearly that
maximum stress can be reduced with round transition
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5734

6945

6578

427

ANSYS10.0
JUL 22 2011-10-31
11:23: 2011
NODAL SOULATION
STEP=1
SuB =1
TIME=1
SINT
PowerGraphics
EFACET =1
AVRES = Mat
DMX =.785832
SMN = 48.653
SMX =504.088
48.653
I 99.257
[ 149.861
[ 200.465
~g7 | [ 251.069
~. [ 301.673
=9 [ 352.277
¢ [ 402.881
ss; 1 453.485
I 504.088

(AVG)

6308

5733

950



Inform. Techrnol. 1, 11 (4):426-430, 2012

Table 1: Stress on the path of flatting nozzle

Membrane stress (Mpa) Membrane stress plus bending stress (MPa) Peak stress (MPa)  Total stress (MPa)

dy=530mm Path Inner point 299.8 507.0 34.35 4923
Sharp-angled 1-1 Extemal point 299.8 388.1 139.1 438.6
transition Path Inner point 297.6 470.5 216.3 324.8
2-2 Extemal point 297.6 316.2 290.60 504.1
dy=530mm Path Inner point 299.8 475.6 45.03 460.9
Round 1-1 Extemal point 299.8 378.1 R9.99 439.0
transition Path Inner point 290.1 441.9 94.04 385.4
2-2 Extemal point 290.1 335.2 151.7 392.2
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Fig. 3: Stress nephogram of round of the structure angled transition with flatting nozzle transition with flatting nozzle
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Fig. 4: Stress nephogram of sharp-angled

while 1t 1s an inside-stretching nozzle. Path 1-1 1s defined
through the spherical shell thickness from the inner
angular point. Path 2-2 is also defined from the maximum
stress point to the inside along the nozzle thickness.
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Stress linearization along the path and classification
achieves the results in Table 2.

From Table 2, it can be seen that each kind of stress
varies a lot in sharp-angled transition and round transition
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Fig. 5: Stress nephogram of round transition with inside-stretching nozzle with inside-stretching nozzle

Table 2: Stress on the path of inside-stretching nozzle

Membrane stress (MPa) Membrane stress plus bending stress (MPa) Peak stress (MPa) Total stress (Mpa)

d;=530mm Path Inner point 125.1
Sharp-angled 1-1 External point 1251
transition Path  Inner point 2474
22 External point 247.4
d;=530mm Path Inner point 360.07
Round 1-1 External point 360.07
transition Path  Inner point 277.9
2-2 External point 277.9

3083 21.16 314.7
219.1 48.86 2221
423.8 70.84 410.3
280.0 176.0 443.3
175.7 11.89 182.3
152.0 36.71 143.7
3928 26.96 379.9
3104 99.76 410.2

along path 1-1. Compared with sharp-angled transition,
the decline of stress along path 1-1 is about 71%
for membrane stress, 30% for membrane stress plus
bending stress, 25% for peak stress and 35% for the total
stress in round transition. It is also remarkably reduced for
all sorts of stress except for membrane stress along path
2-2 in round transition. As a result, the maximum stress
can be reduced by round transition m the jomt.

CONCLUSION

This study studies the mfluence of sharp-angled
transition and round transition on the stress distribution
in conditions of large opening spherical shell with flatting
nozzle and inside-stretching nozzle. The conclusions are
summarized as follows:

¢  The stress echogram of every condition is achieved
after finite element analysis of spherical shell with
opening nozzle. It shows that there 1s higher stress
concentration at the nozzle junction. The maximum
stress often appears in the internal and external wall
of the joint

»  Sharp-angled transition can produce higher stress
thanround transition. Round transition can reduce
stress compared with sharp-angled transition in any
case it is a flatting nozzle or an inside-stretching
nozzle. Maximum stress value can reduce 8%
approximately. Besides maximum stress, other
stresses all have some decline

*  Under the same condition, maximum stress can be
reduced while it 13 an inside-stretching nozzle. So,
when spherical shell needs large opening and nozzle,
inside-stretching nozzle with round transition is
adopted for increasing the strength as far as possible
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