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SANTRAUKA

Siame magistro darbe nagrinéjamas jiiros dumbliy auginimo modulis, kuris buvo
suprojektuotas Lietuvos jmonés UAB Metal Production konstruktoriy. Padedant jmonés
darbuotojams ir Siauliy universiteto déstytojams, buvo isstudijuota modulio konstrukcija,
i$siaiskinta medziagos (PE80) elgsena, esant uzduotoms eksploatavimo salygoms. Buvo
lyginami konstrukcijos jtempiai ir poslinkiai, esant skirtingoms apkrovoms, naudojant
baigtiniy elementy analizés sistema Solidworks Simulation. Buvo pasirinkti skirtingi modulio
panardinimo gyliai (iki 30 m), taip pat jvertintas ir jiiros srovés poveikis. Buvo nustatyta, kad

modulis yra suprojektuotas su tinkama atsarga.

Reik§miniai ZodZiai: Juros dumbliy auginimo modulis, BEM, PE8O0 stiprumas
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SUMMARY

This master thesis is an attempt to a new approach in seaweed cultivation module that is
attempted by an industry UAB Metal Production, Lithuania. With the support from Metal
Production and Siauliai University it was tried to study and understand how the module made
of PESO will work under given conditions. The aim was to study the design of seaweed
cultivation module, compare its stresses and displacements at different loading type with finite
element modeling system Solidworks Simulation. Different depth of immersion (up to 30 m)
is considered, as well as influence of see flow. It was determined that the module is designed

within the factor of safety limits.
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THEME AND GOALS OF THE MASTER THESIS

THEME:

To analyze the design of seaweed module strength and check its behavior for different loads. To

figure out the way hydrostatic pressure acts on the module.

GOALS:

e To analyze and apply fixtures at locations to constrain the body.
e To perform simulations for various depths with the basic data.
e To perform simulations for half structure and whole structure.

e To estimate the output available.

e To tabulate and compare the results.

12



1. INTRODUCTION

Seaweed is widely cultivated and eaten in Asia, sugar kelp (Saccharina latissima) is nutritious
food that is rich in fibre, vitamins and minerals. It is used in food items like sushi, soups, salads and

many other products. It is a cold water or winter crop.

Sugar kelp is marine algae, also known as sea belt and Devil’s apron due to its shape. It is
yellowish brown in color and looks like a giant lasagna noodle. It can grow up to 12 feet long.
When dried, a white sweet-tasting powder forms on the frond. Long known as a sweetener and as a
thickening and gelling agent that can be added to food and cosmetics, sugar kelp is being grown and
harvested by more commercial firms in New England for a variety of uses, from food to potential

biofuels. [1]

The spores grew into small plants less than one-tenth of an inch in size along string wound
around a piece of PVC pipe. The spools with seeded lines were then transferred to aquaria for
nursery culture in ultra-filtered seawater, where they grew well and quickly. At that point, the plants
were ready to be placed in Long Island Sound to grow at Green Wave's ocean farm. The seeded line,
unwound from the cylinder, was attached to a long rope, one of many growing lines on commercial
underwater farms. Growing season ran from the late fall through the winter, before the water got too

warm.

Fig. 1.1 Seaweed Kelp
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2. MATERIAL

For many applications, the choice of material used depends upon a balance of stiffness,
toughness, processability and price. For a particular application, a compromise between these
features will usually be necessary. For example, it is generally true that, within a given family of
grades of a particular polymer, the rigidity increases as impact strength decreases. Again, processing
requirements may place an upper or a lower limit on the molecular weight (MW) of the polymer
that can be used, and this will frequently influence the mechanical properties quite markedly. Single
test values of a given property are a less reliable guide to operational behavior with plastics than
with metals. This is because for plastics the great mass of empirical experience and tradition of
effective design which has been built up over centuries in the field of metals is not yet available.
Furthermore, no single value can be placed on the stiffness or the toughness of a plastic because:

e Stiffness will vary with time, stress and temperature.

e Toughness is influenced by the design and size of the component, the design of the mold,
processing conditions and the temperature of use.

e Stiffness and toughness can be affected by environmental effects such as thermal and
oxidative ageing, ultraviolet (UV) ageing and chemical attack (including the special case of

environmental stress corrosion).

In addition, a change in a specific polymer parameter may affect processability and basic
physical properties. Both of these factors can interact in governing the behavior of a fabricated
article. Comprehensive experimental data are therefore necessary to understand effectively the
behavior of plastic materials, and to give a realistic and reliable guide to the selection of material

and grade.

In many applications, plastics are replacing traditional materials. Hence, there is often a
natural tendency to apply to plastics tests similar to those that have been found suitable for gauging
the performance of the traditional material. Dangers can obviously arise if plastics are selected on
the basis of these tests without clearly recognizing that the correlation between values of laboratory

performance and field performance may be quite different for the two classes of materials.

It is therefore important to realize that standard tests are not devised to give direct prediction
of end-use performance. In general, the reverse is the case. That is, if a particular grade of a

particular polymer is found to perform satisfactorily in a given end use, it can then be characterized
14



with reasonable accuracy by standard tests, and the latter tests then used to ensure the maintenance

of the required end-use quality. [2].

For seaweed cultivation module polyethylene pressure pipe, PES80- SDR11 is considered.
Polyethylene has the simplest molecular structure of all polymers. It consists of two carbon and four
hydrogen atoms in the basic repeating unit. Polyethylene is polymerized from ethylene gas that is
obtained from natural gas or crude oil. The polymerization conditions of low temperature, low
pressure, appropriate catalysts (such as Ziegler-Natta catalyst), and co-monomers result in a linear
polyethylene. Linearity indicates that there are limited branches in the polymer chains, so that the
molecules can pack tightly. High density polyethylene (HDPE) is one type of linear polyethylene
with a density range from 0.941 to 0.965 g/cc as per ASTM D883. HDPE exhibits high strength and

modulus; thus, it is preferred for use in the manufacture of plastic pipes [3].

Mechanical properties of the pipe considered for analysis are represented in the table 1.1 [4].

Table 1.1 Mechanical properties of PES0

Property Standard Unit PESO
Density at 23°C ISO 1183 glem? 0,94
Melt flow index ISO 1133 | g/10min

MFR 190/5 9
MFR 190/2,16

MFR 230/5

MFI range ISO1872/1873 T012
Tensile stress at yield ISO 527 MPa 20
Elongation at yield |ISO 527 % 10
Elongation at break ISO 527 % =600

- Impact strength unnotched at +23°C IS0 179 K/ no break

8 @ Impact strength unnotched at -30°C L no break

=B

—g :'%’ Impact strength notched at +23°C 12

§ a |Impact strength notched at 0°C SO 179 kJ/m?
Impact strength notched at -30°C 4,5
Ball indentation hardness acc. Rockwell] 150 2039-1 MPa 36
Flexural strength (3,5% flexural stress) SO 178 MPa 18
Modulus of elasticity SO 527 MPa 750
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Stress vs. time
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Fig. 2.1 Stress vs. Time graph of PESO

In Fig. 2.1 it is seen that how PE80 strength reduces over a period of 50 years at different
temperatures. For current application sea water temperature considered is 20° C and the stress is
reduced from 10- 11 MPa to 8 MPa over a period of 50 years, but these figures may change

depending upon structure and fluid temperature [5].

Advantages of the material are listed as below [6]:
e Light weight of the pipes.
e FEasy to fuse (weld).
e High abrasion resistance.
e Resistance to UV radiation.
e Resistance to radioactive effluent.

e Nontoxic.
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Elasticity. This property facilitates installation works.

High tolerance of impact, as well as resistance to damage in bends.

An important advantage choosing diameter of the pipes is low roughness due to the smooth
internal walls of the pipes.

Pipes are suitable for underwater installation, not influenced by sea water and its movement.

Resistant (inert) to influence of the chemical substances.
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3. HYDROSTATIC PRESSURE

The module is going to be placed underwater at different depths. Pressure in fluid at rest does
not change in horizontal direction, but it changes in vertical direction where gravitational force acts.
So, pressure increases as depth of the fluid increases, because more fluid rests on deeper levels, and

effect of this “extra load” on a deeper level is balanced by an increase in pressure. [llustrated in (Fig

3.1). [7].

Fig. 3.1 Pressure of fluid at rest increases with depth

To obtain a relation for change in pressure with depth, let us assume a rectangular fluid
element of height Az, length Ax and unit depth in equilibrium, as illustrated in (Fig 3.2).

Considering density of the fluid p to be constant, a force balance in vertical z-direction gives

Y F. = ma. = 0; PoAx - P1Ax - pgAxAz = 0, (Eq. 3.1)

mlﬂlm_
S =
\\HUHH

i) X

-—

HIIJ

Fig. 3.2 Free body diagram of rectangular fluid element in equilibrium
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where W = mg = pg Ax Az is the weight of the fluid element.
Dividing by Ax and rearranging gives

AP = P, - Py = pgAz = ysAz, (Eq.3.2)
where ys=pg is the specific weight of the fluid.
Thus, we conclude that the pressure difference between two points in a constant density fluid is

proportional to the vertical distance Az between the points and the density p of the fluid. In other

words, pressure in a fluid increases linearly with depth.
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4.3D- DESIGN OF SEAWEED CULTIVATION MODULE

Design of seaweed cultivation module. Its dimensions are (L x W x H) 5980x4082x5418

mm excluding bottom ropes. As the module is axis symmetry only half sections are considered.

Fig. 4.1 Isometric view

Let us see how hydrostatic pressure acts on the module and due to this hydrostatic pressure, stress
and displacement occurred on module. For analyzing the effect of hydrostatic pressure and

calculating stress and displacement, we used Solidworks Simulation.
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4.1. Half Structure

The 3D model of the half structure is presented in Fig. 4.2.

Fig. 4.2 Isometric view of half structure

4.1.1. Applied Fixtures
a) Reference geometry fixture is considered and applied on the holes with reference to

top plane and displacement is allowed in Y- direction which is normal to plane (see Fig.
4.3).

v X .

Type | Split

i Use Reference Geometry

On Fiat Faces

On Cylindrical Faces

Dl On Spherical Faces

([ || vertex<1>@Part 202
Vertex«<2> @Part 2.0-2
Vertex<3> @Part 2.0-2
Vertex<d> @Part 2.0-2

] L —

Translations ~

mm il
o mm
o mm

I

[IReverse direction

EEE=

Fig. 4.3 Reference geometry fixture
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b) Roller slider fixture is considered and applied on the side face of the module so that it

can slide (see Fig. 4.4).

Fiscture @
v X M
Example ~

Standard (Roller/Slider) A

,Ei Fixed Geometry
Roller/slider
Fied Hinge }

@ | Facect>@Parta.0.7
Fate<2>@Part 4.0-7
Face<1>@Part 4.0-8
Face<2> @Part 4.0-8
Fate<2>@Part 4,09
Face<1>@Part 4.0-9

Face<1>@Part 4.0-6
Face<1>@Part 4.0-10
Face<2> @Part 4.0-10
Face<2> @Part 4.0-6

Advanced ~ I
Symbol Settings v Z‘l‘% &
RollerfSlider:
LS *lsometric

Fig. 4.4 Roller Slider fixture

c¢) Reference geometry fixture is considered and applied on the edge with adjacent face

and displacement is allowed in X- direction which is normal to plane (see Fig. 4.5).

g/ E[R[¢[@]
Fixcture @
v X

e

1| Symmetry

Cyclic Symmetry

Use Reference Geometry
On Flat Faces

@ On Cylindrical Faces

@ On Spherical Faces
D I Edge<1> @Part 4.0-6
© [[racecr>@patacs

Translations A

i B =
0 =
0 nm
B

[ Reverse direction

L) *lsometric

Fig. 4.5 Reference geometry fixture
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4.1.2. Meshing of structure

Very fine mesh is applied to the structure taking into consideration of holes and extrude
cut in the module (see Fig. 4.6).

Fig. 4.6 Meshing done for the structure

4.1.3. Loads Applied and Results
a) Gravity

Load due to gravitational force is considered and applied (see Fig. 4.7).

sBE(R[¢[€]

Gravity @
v X

Selected Reference

@ Top Plane

B
Reverse direction

Advanced

Symbol Settings |

FIsometric

Fig. 4.7 Load due to gravity
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Stress induced due to gravity on the module is represented below. Maximum stress

induced is 2.834 MPa (see Fig. 4.8).

Maodel nameibssems-2 &‘;:'
Study nameiGravity(-Default]

Plot type: Static nodal stress Stress1 wion Mises [Memma2 [MPa]]

2834
l 2,597
L 2,361
. 2125
- 1889
_ 1,853
1417
L 181
_ 0345

_ 0709

0473
0.237
0.000

.
E Max:-
Z‘L‘x
Flsometric
Fig. 4.8 Stress by gravitational force

Displacement due to gravitational force is represented below. Maximum displacement is
33.129 mm (see Fig. 4.9).

Madel nameidssem3-2 PPELBEB-T-v- L'b % -

Study name:Gravityl-Default-)
Plot type: Static displacement Displacement!

Defarmation scale: 1
URES [mm]

33123

l 30,372

L 27615

33.129
Y

_ 24.858

22000
1234
. 1eseT
. 13830
. 11073

_ 8318

5.558
2802
0045

N

N

“Isometric

Fig. 4.9 Displacement by gravitational force
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b) 0 metre depth

Loads applied: Load due to gravitational force is considered and applied (see Fig. 4.10).

e/ E[E[eo]@]
Gravity @

v X

Selected Reference ~

o —

T E—

Reverse direction
Advanced e
Symbol Settings - }
¥

A
Flsometric

Fig. 4.10 Load due to gravity

Hydrostatic pressure load is considered and applied on the selected faces of structure
(see Fig. 4.11).

s BE[B[e[e] : T g
Pressure @
VX
(@) Narmal to selected face "

) Use reference geometry

@ Wlsce<rertaoT ~
Face<2> @Part 4.0-8 v

o 1! : , Pressure Walue (Hfm#2):
el - By lincte Systermn] &
B wmez } Th -SB10%Y" (i
m* ~
Y

[ Reverse direction

Nonuniform Distribution A
P I Coordinate System1

Type of Coordinate System:

B E
i B 7
bt e A

Fix,y, 2) = -9810%y"

Flsometric

Fig. 4.11 Hydrostatic pressure for 0 m depth

Pressure load at 0 m can be calculated as per (Eq. 3.2).

AP = pgAz =9.81-1000-0 = 0 MPa.

25



Stress induced due at 0 m depth on the module is represented below. Maximum stress

induced is 3.813 MPa (see Fig. 4.12).

Madel name:fssem3-2 @D 0L & b-e-&
Study name:0 mi-Default) € N B A @ w : i @ =
Plot type: Static nodal stress Stress1 yon Mises (N/mm A2 (MPal)

3.813

l 3.495

L 377

- 2860

*
z‘i‘x
*Isametric

Fig. 4.12 Stress induced at 0 m depth

Displacement at 0 m depth is represented below. Maximum displacement is 48.22 mm

(see Fig. 4.13).

hodel nameiAssem3-2
Study name:Q m(-Default)

SLPEE-O-v-S&-T-
Plot type: Static displacement Displacement

Deformation scale: 1 URES [mrn)

48.219

l 44,207

- 40,186

. 36,184
: . 28,161
. 24149
L 20137
. 16126

- 124

g.102
4,091
073

¥

A

*lsometric

Fig. 4.13 Displacement at 0 m depth
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c) 1, 10, 20 and 30 metre depth

Loads applied: Load due to gravitational force is considered and applied (see Fig. 4.14).

g E[B[e[e]
Gravity ®@
v X
Selected Reference ~
Y —
Bl e
|
Reverse direction
Advanced S|
Symbol Settings 3 :|
e
ZILmK
*1sometric

Fig. 4.14 Load due to gravity

Hydrostatic pressure load is considered and applied on the selected faces of structure
(see Fig. 4.15).

e/E[R[e[@]

Pressure @
v X
@) Normal to selected face -

(O Use reference geometry
(@ || Face<1>@Part .07 ~
Fate<2>@Fart 4.0-8 v
Pressure Value ~

B [wma2 v }
Y C—

[ reverse direction

i . B Pressure Value (fmA2): 1
3 g clincite Systemn] o
3> " -S010°Y" Ml

Nonuniform Distribution ~
bR I Coordinate System1

Type of Coordinate System:

S
HIE =
I ok

Fix,y, ) = -9810%y" v

*lsometric

Fig. 4.15 Hydrostatic pressure for 1 m depth
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Pressure load at 1 m can be calculated as per (Eq. 3.2)

AP = pgAz =9.81-1000-1 = 9810 MPa.

Pressure load at 10 m can be calculated as per (Eq. 3.2)

AP = pgAz =9.81-1000-10 = 98100 MPa

Pressure load at 20 m can be calculated as per (Eq. 3.2)

AP = pgAz =9.81-1000-20 = 196200 MPa

Pressure load at 30 m can be calculated as per (Eq. 3.2)

AP = pgAz =9.81-1000-30 = 294300 MPa

Pressure load at 1, 10, 20 and 30 m depth is considered and applied on the selected faces

of structure (see Fig. 4.16).

8/E[R[¢[O]
Pressure @
v X

i el
Sr

@ I art 4.0- ~
. a4
: at 40-
I art 40 .
|Face<d>@Part 405 L

[ w2z v
L [ss10 | Nma2
[] Reverse direction

[ Nonuniform Distribution

Symbol Settings

“lsometric

Fig. 4.16 Pressure load at 1, 10, 20 and 30 m depth
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Stress induced at 1 m depth on the module is represented below. Maximum stress

induced is 3.779 MPa (see Fig. 4.17).

Model nameiAssem3-2
Study name:1 m-Default-)
Plot type: Static nodal stress Stress1

G BEB-T-v-S@-T

won Mises [Nfmm ™2 [MPa])

3,779

l i

_ 3150

_ 2835
_ 2520
_ 2.206
B 1591
| 1,576
1282

. 0.947

0632
0313
0003

@ Max|3.779

Y

A

*lsametric

Fig. 4.17 Stress induced at 1 m depth

Displacement at 1 m depth is represented below. Maximum displacement is 48.6 mm

(see Fig. 4.18).

Model nametssem3-2 i ¢ B - % &,
Study name:1 ml-Default-] g = @ L q e ﬁ I;I URES [mmj]
Plot type: Static displacement Displacementl
Deformation scale: 1 43,650
l 44,687
L 40744
- 36791
_ 32838
e _ 28885
. 24932
L 20,973
L 17026
_ 13073

2120
5187
1.214

]

A

*lsometric

Fig. 4.18 Displacement at 1 m depth
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d) 10 metre depth
Stress induced at 10 m depth on the module is represented below. Maximum stress

induced is 3.483 MPa (see Fig. 4.19).

Model name:fssem3-2 D SR i - v - @& ﬁ .

2 5 & % &P [ 2
Study name:10 m-Default] o B8 GA [[_ 4 - wvan Mises [N7mmA2 [MPa])
Plot type: Static nodal stress Stressi

3483

l 3193

L 2,903

_ 2613
_ 2323
_ 2033
R
| 1453
_ 1163

- 0873

0.583
0233
0.003

v

e
I
*Isometric
Fig. 4.19 Stress induced at 10 m depth
Displacement at 10 m depth is represented below. Maximum displacement is 54.105 mm
(see Fig. 4.20).
T o PERPEE T -+ &0
g:’étxﬁ:t:;t:t;;?gﬁlaEemE”t Displacementl URES {mm)
54,105
l 50.558
- 41012
. 43465
i
5 _ 38371
it 32824
| 29.277
- 25730
. 22183

18,636
15.089
11.542

T

A

*Isometric
Fig. 4.20 Displacement at 10 m depth
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e) 20 metre depth
Stress induced at 20 m depth on the module is represented below. Maximum stress

induced is 3.157 MPa (see Fig. 4.21).

Model name:Assem3-2
Study name:20 mi-Default-]
Plot type: Static nodal stress Stress

B EE-TD-v- &

won Mises (N/mm™2 [MPa))

3.157

l 2,895

_ 2833

LR
L2040
_ 1848
‘ 1.587
o 1325
L 1.063

_ 0.502

0.540
Q.278
o017

X

i
i
*lsometric

Fig. 4.21 Stress induced at 20 m depth

Displacement at 20 m depth is represented below. Maximum displacement is 62.654 mm

(see Fig. 4.22).

Model nameidssem3-2

Study name:20 m|-Default-]

Plot type: Static displacement Displacement1
Defarmation scale: 1

PEAPEB ©-v & -T-

URES [mrm)

62,654

l 59314

. 55.974

- 52634

62,654
o

_ 49235

_ 45.955
42,615
F 39.275
_ 35,835

_ 32,595

29,255
25,916
22,576

v

A

Flsomeatric

Fig. 4.22 Displacement at 20 m depth
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) 30 metre depth
Stress induced at 30 m depth on the module is represented below. Maximum stress

induced is 2.948 MPa (see Fig. 4.23).

Model namefssem3-2
Study hame:30 mi-Default-] .
Plot type: Static nodal stress Stress1 wan Mises [P/mm~2 (MPa))

2,948

l 2,703

L 2458

| 2214
- 1969
. P
1479
| 1235
. 050
. 0745
0.500
a.256

0.1

g

z‘l‘x
*Isometric
Fig. 4.23 Stress induced at 30 m depth
Displacement at 30 m depth is represented below. Maximum displacement is 73.214 mm
(see Fig. 4.24).
Model nameisssem3-2 4? (';; (z E.E ﬁ( @ - []:] ~ = %& -

Study name:30 m[-Default-]
Plot twpe: Static displacement Displacement
Deformation scale: 1 URES [mm)

73.114

l B9.513

L BB423

o B3geT
_ 59.632

_ 5B.236

52.841
- L 48445

_ 48050
- 42,654
39.259
35863

32468

N
2
73214
i
*Isometric

Fig. 4.24 Stress induced at 30 m depth
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4.2. Whole Structure
The 3D model of the half structure is presented in Fig. 4.25.

PEQABEB U v SR T

*1sometric

Fig. 4.25 Isometric view of Whole Structure

4.2.1. Applied Fixtures
a) Reference geometry fixture is considered and applied on the holes with reference to

top plane and displacement is allowed in Y- direction which is normal to plane (see Fig.
4.26)

C v @ Assem 1.2 (Default<Displ.. PR EB-D-®- o
Fixture @ PN
voX W g

Type | Split

e

Cydlic Symmetry

Use Reference Geometry
On Flat Faces

On Cylindrical Faces
@ On Spherical Faces

© [ vertex<1>@Part 1.0-5 -
Vertex<2> @Part 1.0-5 v

© Wreerine ] Use Reterence Geametos

Hormal ta Plane (mmi:

Translations. ~
ERELY ~
0 mm
0 mm
[ Co—

[ Reverse direction

*lsometric

Fig. 4.26 Reference geometry fixture
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b) Roller slider fixture is considered and applied on the holes were structure is allowed

to slide (see Fig. 4.27).

v X ~

» 8 pssern 12 (Default<Displ..

..|:|.

Example

Standard (Roller/Slider)

P Geometoy
@ Roller/Slider

Face<1>@Part 2,03
Face<2>@Part 2.04
Face<3>@Part 2.0-6
Face<1>@Part 2.0-2
Face<4> @Part 2.03
Face<1>@Part 2.05
Face<1>@Part 2.04
Face<2>@Part 2,02

Eorn3amnadana

®

®
Advanced

Symbol Settings

*lsometric

Fig. 4.27 Roller Slider fixture

c¢) Reference geometry fixture is considered and applied on the two faces with reference

to top plane and displacement is allowed in X and Y- direction which is normal to plane

(see Fig. 4.28).

@

Fixture

v X M

Ly o

Use Reference Geometry
On Flat Faces

On Cylindrical Faces
@ On Spherical Faces

[ || Face<1>@Part 105
Face<2> @Part 1.0-5
O
D rF Top Plane
Translations ~
[ [om 5
[

[ Reverse direction

L

[ Reverse direction

47 e mm I,

N

v @8 Assem 1.2 (Default<Displ... Pl B@B-F-v- =

Use Reference Geometry:

Alang Plane Dir 1 (mm):

Tmong Plane Dir 2 (mm):; |0

FIsometric

Fig. 4.28 Reference geometry fixture
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d) Reference geometry fixture is considered and applied on the two faces with reference
to top plane and displacement is allowed in X and Y- direction which is normal to plane

(see Fig. 4.29).

b @ fssem 12 Default<Displ..

S[E[R[e][€]

Fixture @ .

v X -
Type ‘ Split

Example v

Use Reference Geometry:

]

3 Along Plane Dir 1 (mm);

Alang Plane Dir 2 [mm;

Standard w

Advanced(Use Reference Geometry) ~ «
-
\@J Cydlic Symmetry —‘
Use Reference Geometry [
‘@ On Flat Faces

‘@ On Cylindrical Faces
| on senericat Faces

Face<1> @Part 1.0-2
Face<2> @Part 1.0-2

@ || Tor Piane I

& W
Translations AV

*lsometric

Fig. 4.29 Reference geometry fixture

4.2.2. Meshing of structure
Very fine mesh is applied to the structure and mesh control is applied to some parts

taking into consideration of holes and extrude cut in the module (see Fig. 4.30).

CREBE-B-v-¢&-0

T,

A

Flsometric

Fig. 4.30 Meshing done for the structure
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4.2.3. Loads Applied and Results
a) Gravity

Load due to gravitational force is considered and applied (see Fig. 4.31).

] » @) Assem 1.2 (Default<Displ... B@E B9 L
@ Ele]e]
Gravity ® -
v X
Selected Reference ~
© [[Top Piane |
e E—
[ Reverse direction
«
Advanced ~
Symbol Settings v :|
»
b
Z " L
Flsometric

Fig. 4.31 Load due to gravity

Stress induced by gravitational force on the module is represented below. Maximum

stress induced is 2.873 MPa (see Fig. 4.32).

Madel name:tssem 1.2
Study name:Gravity(-0 ef ault-]

LB YEE-T-v- -
Plot type: Static nodal stress Stress1

Defarmation scale: 1 waon Mises [N/mma2 [MPa))
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0.001

¥
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Fig. 4.32 Stress by gravitational force
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Displacement due to gravitational force on the module is represented below. Maximum

displacement is 27.799 mm (see Fig. 4.33).

hdodel nameiissem 1,2 i P e -{ - - @ 2 =

Study nameiGravity[-Default) . w WA @ [C- * d & l;l

Plot type: Static displacement Displacementl URES (mm)
Defarmation scale: 1

27,799
l 25433
e
. 20851
- 18535
_ 16219
13,903
11,587
9271
_ B.356
4640
2324
0.008
¥
z‘l‘x
“Isometric
Fig. 4.33 Displacement by gravitational force
b) 0 metre depth
Loads applied: Gravitational force (see Fig. 4.34).
b i ssem 1.2 (Defaule <Displ PHEEIWEBP-T-v- = -
& BE[E[¢[@]
Gravity @ “
v X g R
Py —— . :
Belfem e
[ Reverse direction
Advanced N ‘
Symbol Settings N, :|
»
Y =
Z‘J\% »
*Isemetric

Fig. 4.34 Load due to gravity
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Hydrostatic pressure load is considered and applied on the selected faces of structure

(see Fig. 4.35).

v A fssem 1.2 DefaulteDisgl.. PLEE@PR-T-® L]

EE%@@

Pressure @
vX
Type | Split
@ Normal to selected face -

() Use reference geometry

W Face<1>@Part 20-5 -

1| Face<2> @part 204 v
Pressure Value ~
G [wmez v
Y E—

[JReverse direction

Nonuniform Distribution ~
P I\ Caordinate System3@Part 2‘04@}

Type of Coordinate System:
2 [ | [ 4w |
e
£ Tl T i t
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% [&

Fix, ¥, 2) = -8810~y" T

*Isometric

Fig. 4.35 Hydrostatic pressure for 0 m depth

Pressure load at 0 m depth can be calculated as per (Eq. 3.2)
AP = pgAz =9.81-1000-0 = 0 MPa

Stress induced at 0 m depth on the module is represented below. Maximum stress

induced is 3.945 MPa (see Fig. 4.36).

Model name:&ssem 1.2

IO ER- - R
Study name:D ml-Default) T L wan Mises (M/mm2 (MPal]
Plot type: Static nodal stress Stresst

Deformation sale: 1 3945
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L 1318
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g
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*1sometric
Fig. 4.36 Stress induced at 0 m depth
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Displacement at 0 m depth on the module is represented below. Maximum displacement

is 41.303 mm (see Fig. 4.37).

Maodel name:fssem 1.2
Study name:Q mi-Cefault)

AR PEB- 0-v R T
Plot type: Static displacement Displacementl

LIRES [mm]
Deformation scle: 1
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Fig. 4.37 Displacement at 0 m depth

¢) 1, 10, 20, 30 metre depth

Loads applied: Load due to gravitational force is considered and applied (see Fig. 4.38).

o b €] ssem 1.2 (Default<Displ ZB-0-9- .o [B]
@ (R[o[€]
Gravity @ -
v X
e -
) ' Top Plane |
 C—
[Z] Reverse direction
«
Advanced v
Symbol Settings v }
»
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Fig. 4.38 Load due to gravity
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Hydrostatic pressure load is considered and applied on the selected faces of structure
(see Fig. 4.39).

G Assem 1.2 (Default<Displ...

PRLVEBR-T-®- -

@ BE[e[€]
Pressure @
v X
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Fig. 4.39 Hydrostatic pressure for 1 m depth

Pressure load at 1 m can be calculated as per (Eq. 3.2)

AP = pgAz =9.81-1000-1 = 9810 MPa.

Pressure load at 10 m can be calculated as per (Eq. 3.2)

AP = pgAz =9.81-1000-10 = 98100 MPa

Pressure load at 20 m can be calculated as per (Eq. 3.2)

AP = pgAz =9.81-1000-20 = 196200 MPa

Pressure load at 30 m can be calculated as per (Eq. 3.2)
AP = pgAz =9.81-1000-30 = 294300 MPa
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Pressure load at 1, 10, 20 and 30 m depth is considered and applied on the selected faces
of structure (see Fig. 4.40).
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| Facex4> @Part 2.0-2
| Face<5>@Part 205

Face<6> @Part 205
| Face<7>@Part 2.0-6
| Face<8>@Part 1.0-5
| Face<9>@Part 2.0-5

| Face<10> @Part 205 v
Pressure Value ~
B [wmez -

4 | szi0 ~|Nmaz

[ Reverse direction

[ Nenuniform Distribution N

Symbol Settings N

*lsometric

Fig. 4.40 Pressure load at 1, 10, 20 and 30 m depth

Stress induced at 1 m depth on the module is represented below. Maximum stress

induced is 3.927 MPa (see Fig. 4.41).

Model name:dssem 1.2
Study name:1 mi-Default]
Plot type: Static nodal stress Stresst 3,907

Defarmation scale: 1
l 3590

| 3.272

- - S &-0- wvon Mises (MmmA2 (Pa]]

- 2.845
L
L 223
L 1,964
| 1.837
L 1310

_ 082
0.855
0328
Q.001
o Max| 3,927

v

A

*Isometric

Fig. 4.41 Stress induced at 1 m depth
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Displacement at 1 m depth on the module is represented below. Maximum displacement

is 41.488 mm (see Fig. 4.42).

Model name:Assem 1.2

= .
Study name: ml-Default) - “’ﬂﬁ!ﬂ | URES {rmm)

Plot type: Static displacement Displacement 146

Deformation sale: 1
l 38.014

L 34.560

_ 31108
_ 2T.e52
L 24197
L 20.743
L 17.288
- 13835

- 10381

8,927
3473
0.0ms

*Isometric

Fig. 4.42 Displacement at 1 m depth

d) 10 metre depth
Stress induced at 10 m depth on the module is represented below. Maximum stress

induced is 3.770 MPa (see Fig. 4.43).

Model name:Assem 1.2
Study name: 10 m (-Defaults)

won Mises [Mymm~#2 [MPa]]

923 AR RS 2. -Bi=
Plot type: Static nodal stress Stresst

Defarmation salei 1 3770

l 3456

L o342
. 2828
_ 2513
5 2199
B 1835
R 1571
| 1.257

05843

0629
0315
.00

9 Max:| 3.770

.
z‘l'%
“Isomeatric

Fig. 4.43 Stress induced at 10 m depth
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Displacement at 10 m depth on the module is represented below. Maximum

displacement is 42.975 mm (see Fig. 4.44).

Model namedssem 1.2 D 7 g - -® - )
Study name 10 m-Default) Lol o B Sh @ [J— ¥ ad @ l;l URES [mm)
Plot type: Static displacement Displacement] A42.675

Defarmation scle: 1
l 39,395

_ 35815
. 32235
_ 28,855
5 25.075
21,495
8 17.915
_ 14335

_ 1755

7178
3.595
Q015

42‘9?5 i

“lsometric

Fig. 4.44 Displacement at 10 m depth

e) 20 metre depth
Stress induced at 20 m depth on the module is represented below. Maximum stress

induced is 4.068 MPa (see Fig. 4.45).

Model nametssem 1.2
Study name:20m -Default) .
Plot type: Static nodal stress Stress? Lotz ex i 52 (ME3l)
Deformation scale: 1 2068

l 3729

X
A '
Flsometric

Fig. 4.45 Stress induced at 20 m depth
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Displacement at 20 m depth on the module is represented below. Maximum

displacement is 44.680 mm (see Fig. 4.46).

Model nameifssem 1.2

Study name:20m [-Default] w- %@ & - URES {ram)

Plot type: Static displacement Displacement1
typ nl D i

Deformation sale: 1
l 40,955

_ 3T.238

_ 33513
_ 29791
| 26069
| L 22347
_ 18.625
_ 1402

- 11180

T.A458
3736
0013

Flsometric

Fig. 4.46 Displacement at 20 m depth

f) 30 metre depth
Stress induced at 30 m depth on the module is represented below. Maximum stress

induced is 4.967 MPa (see Fig. 4.47).

Madel name:bssem 1.2 D 0L 2 W - @

Study name:30 m [-Default-] #9 $ e B8 G @-T-e % m =
Plot type: Static nodal stress Stress1

Defarmation scle: 1

von Mises [Mmm™2 [MPa)]
4.967
l 4.554
L 4141
Lk
- 3314
L 2.901
ref 2487
_ 2074
_ 1681

_ 14y

0534
0.421
.07

Fig. 4.47 Stress induced at 30 m depth

Flsometric
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Displacement at 30 m depth on the module is represented below. Maximum

displacement is 46.403 mm (see Fig. 4.48).

Model name:dssem 1.2 J&)
Study hame: 30 m [-Default-] &
Plot type: Static displacement Displacement

Defarmation sa@le: 1

I EPBEBE-D-v- -0

URES [mm]

46,403

l 42,537

. 38.em
- 34805
- 30833

_ 27073

. 23m
19342

_ 15476

_ 11610

7.744
3878
ooz

i

A

“lsametric

Fig. 4.48 Displacement at 30 m depth
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4.3. Influence of flow

Let us see how flow of water acts on the module. The forces acting and change in stress due

to these forces. For analyzing the effect of flow and calculating forces due to flow we used

Solidworks Flow Simulation.

Following are the parameters considered for flow simulation;

a) Analysis type considered is external (see Fig. 4.49).

General Settings

Analysis type Consider closed cavities

) Internal [ Exclude cavities without flow conditions

(®) External [ Exclude intemal space

[; X

E Analysis ype

Bl Fuis

Physical Features Value
Heat conduction in solids O
Radiation O
Time-dependent ]
Gravity ]
Rotation ]

Feference axis:

W “wall conditions

Initisl and arbient
conditions

| 0K | | Apply | ‘ Cancel | | Help

Fig. 4.49 Analysis type external

b) Fluid considered for analysis is water (see Fig. 4.50).

General Settings

? b

Non-Newtonian Liquids
Compressible Liquids
Real Gases

Steam

B anapsiz pe

@ Fluids

@ ‘W all conditions

Initial and ambient
conditions

Flnw Characteristic Value
Flow type Laminar and Turbulent
Cavitation (]

Add
Project Fluids Default Fluid Remove
Water ( Liquids } =

Replacs. |

oKk | | Appy | | Cancel | | Hep

Fig. 4.50 Fluid considered for analysis
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c¢) Wall conditions considered (see Fig. 4.51).

General Settings ? X

Parameter alue Kavigator
Default wall thermal condition Adiabatic wal )
@ Analysis bype

Roughness
(Bg Fuids

W Wall conditions

Iniitial and armbient
conditions:

0 micrometer

Ok ‘ | Apply | | Cancel | | H

Fig. 4.51 Wall conditions

e) Initial and ambient conditions considered and velocity along X- direction is 1028.89 mm/s (see

Fig. 4.52).

General Settings ? *
Parameter Value Navigator
Parameter Definition User Defined )
=] Thermodynamic Parameters @ Anjsislyps
Pressure 0.101325 MPa .
----- Temperature 20.05°C @ Elids
[ Velocity Parameters i3
_____ Defined by 30 Vector w ‘i all conditions
""" Velocity in X direction 1026.89 mmis Initial and ambient
----- Welocity in Y direction 0 mmiz conditions
----- Velocity in Z direction 0 mmis
Turbulence Parameters

| 0K || A.Dp\‘y' H Cancel || Help |

Fig. 4.52 Initial and ambient conditions applied
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Forces acting along X- direction on different parts is shown in below Fig. 4.53 and their values are

shown in table 4.1

[Juse al faces

Parameters

Options

v €8 assem 13 Oefault<Displ...

B
i

25 &
L2 Sterat

on=221"

SiE-T-@

Y
Local Parameter Minimum Maximum Average Surface Area [mm 2] A | Integral Parameter  Value X-component  Y-component  Z-comporent  Surface Area [nm”2]
Total Pressure [MPa] ~ 0.101419  0.101933 0.101781 272342 v | Normal Force [N] 120687 120687 0.005 0.005 272342
Fig. 4.53 Selections of faces to determine forces due velocity along X- direction
Table 4.1 Forces acting on different parts
Tube 1
Flat Face
Surface
Local . Integral X- Y- Z-
Maximum Value Area
Parameter Parameter component | component | component [mm~2]
Total Normal
Pressure | 0.101933 120.687 | 120.687 -0.005 -0.005 272342
Force [N]
[MPa]
Tube
Local . Integral X- Y- Z- Surface
Maximum Value Area
Parameter Parameter component | component | component N
[mm”2]
Total Normal
Pressure | 0.102478 206.788 | 165.954 -123.371 1.19E-04 | 875764
[MPa] Force [N]
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Tube 2

Flat Face
Surface
Local . Integral X- Y- Z-
Maximum Value Area
Parameter Parameter component | component | component N
[mm"2]
Total Normal
Pressure | 0.101604 17.683 17.683 -0.002 -0.002 272390
Force [N]
[MPa]
Tube
Local . Integral X- Y- Z- Surface
Maximum Value Area
Parameter Parameter component | component | component
[mm”2]
Total Normal
Pressure | 0.101706 58.102 53.069 -23.653 -1.40E-02 | 877834
Force [N]
[MPa]
Tube 3
Flat Face
Surface
Local . Integral X- Y- Z-
Maximum Value Area
Parameter Parameter component | component | component A
[mm”2]
Total Normal
Pressure | 0.101637 38.907 38.907 -0.011 -0.011 272447
Force [N]
[MPa]
Tube
Local . Integral X- Y- Z- Surface
Maximum Value Area
Parameter Parameter component | component | component A
[mm"2]
Total Normal
Pressure | 0.101684 94.24 77.205 -54.042 -1.00E-03 | 881914
Force [N]
[MPa]
Tube 4
Flat Face
Surface
Local . Integral X- Y- Z-
Maximum Value Area
Parameter Parameter component | component | component N
[mm”2]
Total Normal
Pressure | 0.101568 30.803 30.803 -0.012 -0.012 272491
[MPa] Force [N]
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Tube

Local . Integral X- Y- Z- Surface
Maximum Value Area
Parameter Parameter component | component | component
[mm"2]
Total Normal
Pressure | 0.101644 80.015 70.345 -38.133 3.53E-04 | 877774
Force [N]
[MPa]
Tube 5
Flat Face
Surface
Local . Integral X- Y- Z-
Maximum Value Area
Parameter Parameter component | component | component
[mm”2]
Total Normal
Pressure | 0.101555 28.766 28.766 -0.014 -0.015 272539
Force [N]
[MPa]
Tube
Local . Integral X- Y- Z- Surface
Maximum Value Area
Parameter Parameter component | component | component
[mm"2]
Total Normal
Pressure | 0.101653 81.419 74.161 -33.602 -1.95E-04 | 874676
[MPa] Force [N]
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Stress induced at 1 m depth on the module is represented below. Maximum stress

induced is 6.786 MPa (see Fig. 4.54).

Model name:1&ssem 1.2

Study name:1 m(-Default-)

Plot type: Static nodal stress Stress?
Deformation scale: 1

FERER - D-+-@-T

Y,
o

van Mises [Nmm~2 (MPa))
6,786

l 6221

. 5.856

_ 50%
. 4525
. 3.880

| 3395

¥

PN

Flsomatric

Fig. 4.54 Stress induced at 1 m depth

Displacement at 1 m depth on the module is represented below. Maximum displacement

is 105.448 mm (see Fig. 4.55).

Model name:1Assem 1.2

Study name:1 m[-Default-]

Plot type: Static displacement Displacementl
Defarmation scale: 1 LIRES (mmi

105,445
B --
_ 87876
. 79.090
. 10304
_ 61517
| 52731
| 43.945
| 35:159

_ 26373
17.587

I .80
Q015

¥

A

*lsametric

Fig. 4.55 Displacement at 1 m depth
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Stress induced at 10 m depth on the module is represented below. Maximum stress

induced is 6.790 MPa (see Fig. 4.56).

Model name18ssem 1.2

Study name:10 mi-Default-)

Plot type: Static nodal stress Stress1
Deformation scale: 1

48 W - v @O

woh Mises (Nfmm~2 (MPa))
6,790
l 6,224
| 5,659
. 5093
_ 4528
_ 3.8962
3306
L 283
_ 2285

_ 1,700

1138
0.568
0003

Flsametric

Fig. 4.56 Stress induced at 10 m depth

Displacement at 10 m depth on the module is represented below. Maximum

displacement is 105.564 mm (see Fig. 4.57).

Model name:1&ssem 1.2 Ju.
Study name:10 m[-Default) &

IEPEE-O-v-SB-T-
Plot type: Static displacement Displacement?

Deformation scale: 1 URES [mm)

105,564

(s} -

96,769
_ 87.973
- 9T
- 0
_ B1.585
52.758
| 43.993
_ 35197

_ 26401
17,605

l 3309
0013

i

A

*lsametric

Fig. 4.57 Displacement at 10 m depth
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Stress induced at 20 m depth on the module is represented below. Maximum stress

induced is 6.930 MPa (see Fig. 4.58).

o : ’ - -
Shudy a0 i Defot) PERPERE - ©-»-0@R -1
Flot type: Static nodal stress Stress1
Deformation scale: 1 won Mises (Wfmm 2 (MPa))
6,930
l 6,352
| 5775
K - 4620
_ 443
_ 3466
_ 2888
_o23n
. 1734

1.156
0.579
Q002

“Isometric

Fig. 4.58 Stress induced at 20 m depth

Displacement at 20 m depth on the module is represented below. Maximum

displacement is 105.751 mm (see Fig. 4.59).

Model name:1Assem 1.2

Study name:20 m-Default-)

Plot type: Static displacement Displacementl
Deformation scale: 1

S EPALEE- - v- Q-2

URES [rmm)
105,751
96.939

_ 88128
. 79317
. T0.505
_ B1.654
525582
L 4407
. 35.2680

. 26445

17.637
8,826
0014

*lsometric

Fig. 4.59 Displacement at 20 m depth
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Stress induced at 30 m depth on the module is represented below. Maximum stress

induced is 7.907 MPa (see Fig. 4.60).

Model name:lAssem 1.2 20 L& [i7a] - @ . 5
Study name:30 mi-Default-] 42 & G B G ﬂ L ¥ % @ ;I
Plot type: Static nodal stress StressS

Deformation scale: 1 won Mises (N/mm#2 (MPa])

7.907

l 7.249

L B.590

Fig. 4.60 Stress induced at 30 m depth

_ 5932
_ 5.273
_ 4815

| 3956

. 2.639
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0.005

*lsometric

Displacement at 30 m depth on the module is represented below. Maximum

displacement is 106.946 mm (see Fig. 4.61).

Model name:1&ssem 1.2
Study name:30 mi-Default)

(e P P B - 2

POLBED - 0-v-¢&4- T
Plot type: Static displacement Displacerent
Defarmation scale: 1 URES [mm]
106,546
106‘946 <l l B034
| 89.122
. 80211
. T1.299
. 82387
. 53476

44,564

. 35.652

. 28741

17529
8.917
Q005

Flsometric

Fig. 4.61 Displacement at 30 m depth
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S. RESULTS

Comparison between results for different depths

5.1. Maximum Stress

Table 5.1 Comparison of Stress

Half Structure Maximum | Whole Structure Maximum
Stress, (MPa) Stress, (MPa)

Gravitational Force 2.83 2.87
0 metre depth 3.81 3.95

1 metre depth 3.78 3.93

10 metre depth 3.48 3.77
20 metre depth 3.16 4.07
30 metre depth 2.95 4.97

Comparision between half and whole structure

stress

30M  —

20mM e ——
= L0 T
'f LY
=%
8 O

——

Gravitational Force

2 22525 275 3 3.25 35 375 4 425 45 475 5 525 55
Stress . (MPa)

Whole Structure Maximum Stress | Half Structure Maximum Stress

Fig. 5.1 Graphical representation of comparison of stress between half and whole structure

From above table 5.1 it can be seen that comparison of stress between half structure and whole

structure is made. The stress caused are well within the range of tensile yield strength.
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5.2. Maximum displacement

Table 5.2 Comparison of Displacement

Half Structure Maximum Whole Structure Maximum
Displacement, (mm) Displacement, (mm)

Gravitational Force 33.13 27.80
0 metre depth 48.22 41.30

1 metre depth 48.65 41.47

10 metre depth 54.11 42.98
20 metre depth 62.65 44.68
30 metre depth 73.21 46.40

Comparision between half and whole structure
displacement

3 I
AU = e e e
= T M
< T
&
o O T —
E—

Gravitational Force

2

i

30 35 40 45 50 55 60 65 70 75

Displacement, (m)

Whole Structure Maximum Displacement B Half Structure Maximum Displacement

Fig. 5.2 Graphical representation of comparison of displacement between half and whole structure

From above table 5.2 it can be seen that comparison of displacement between half structure and
whole structure is made. Displacement increases with increase in depth. The increase in

displacement with increase in depth is due to rise in pressure
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Comparison of results for different depths in consideration of velocity of water as 1028.89 mm/s.

5.3. Stress induced due to flow of water

Table 5.3 Comparison of Stress in consideration of influence of flow

Half Structure Whole thle Structure Percentage
. Structure Maximum Stress,
Maximum . . change caused
. Maximum with flow
Stress, without . . due to
. Stress, without velocity at .

flow influence, . influence of

(MPa) flow influence, 1028.89 mm/s, flow, (%)
(MPa) (MPa) e
Gravitational )83 )87 B B
Force

0Om 3.81 3.95 - -

I m 3.78 3.93 6.79 57.86%
10 m 3.48 3.77 6.79 55.52%
20 m 3.16 4.07 6.93 58.70%
30m 2.95 497 7.91 62.82%

Comparision of stress, with and without flow

influence
= 1m
(=
g Om
I
]

Gravitational Force

M

2.5 3 35 4 45 5 55 6 6.5 7 7.5 8
Stress, (MPa)

B Whole Structure Maximum Stress, with flow velocity at 1028.89 mmy/s
Whole Structure Maximum Stress

m Half Structure Maximum Stress

Fig. 5.3 Graphical representation of comparison of stress caused due to influence of flow

From above table it can be seen that how flow of water with velocity of 1028.89 mm/s influences
on whole structure and effects the stresses at different depths when compared to without flow

influence on whole structure.
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5.4. Displacement due to flow of water

Table 5.4 Comparison of Displacement in consideration of influence of flow

Half S‘Fructure Whole Structure Whole Structure Percentage
Maximum . Maximum
. Maximum . . change
Displacement, . Displacement, with
. Displacement, . caused due to
without flow . flow velocity at !
. without flow influence of
influence, . 1028.89 mm/s,
influence, (mm) flow, (%)
(mm) (mm)
Gravitational 3313 27 80 ~ _
Force
0m 48.22 41.30 - -
I m 48.65 41.47 105.45 39.33%
10 m 54.11 42.98 105.56 40.71%
20 m 62.65 44.68 105.75 42.25%
30 m 73.21 46.40 106.95 43.39%

Comparision of displacement, with and
without flow influence

30m
20m
B 10m
q-E\ lm I
% I
-
I

Gravitational Force

B Whole Structure Maximum Displacement, with flow velocity at 1028.89 mm/s

25 30 35 40

Displacement, (mm)

Whole Structure Maximum Displacement

B Half Structure Maximum Displacement

45 50 55 60 65 70 75 80 85 90 95100105110

Fig. 5.1 Graphical representation of comparison of displacement caused due to influence of flow

From above table 5.4 it can be seen that how flow of water with velocity of 1028.89 mm/s
influences on whole structure and effects the displacement at different depths when compared to
without flow influence on whole structure. The increase in displacement with increase in depth is

due to rise in pressure.
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6. CONCLUSION

. It can be concluded from analysis carried out that selected material for module can sustain
without any failure. Min factor of safety of structure at 30 m depth without flow is about 400%
and with flow is about 250%.

. High stresses occurred places are not at critical points. They are at corner edges and holes which
can be reduced by applying fillets. The stresses for whole structure is low and within the limits.

. After obtaining and comparing the results of influence of flow with velocity to without
influence of flow, it is seen that there is a 57.86- 62.82 % rise in stress and 39.33- 43.39 % rise

in displacement at different depth.
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