APPLIED COMPUTATIONAL MODELLING
PROJECT REPORT

Topic: CFD And FEA Analysis of Initial and Final design sample
Bench

Tutor: DR.Mohammad AL-Rawi
Student: Tony pauly
Student 1D:19490954



Contents

R AV o o OSSO P RSP PPTRPRRRPRRT 4
P [ 44 e Yo [V ot oY o LU TP TP OP TSP PRSPPPRION 4
I.  CFD analysis (Computational fluid dynamics).........ceeeciiirieiiiiiecciee e 4

II.  FEA analysis (Finite EIement @nalySis).......ccecuieeciieiiieeieeerie ettt e ire e e e are e ee e e vaeesanee s 4

N |V, =3 i o To o [T U OO PP TP P PPPRTOURRURROINS 5
a. Computational fluid dynamics (CFD) MEthod ........c..coeiiuiiiiiiiiiee et 5
b. FEA analysis (Finite Element analysis) Method..........cccueeeiiiiiiiicciiee e 11
N b 1T g Y o T=Tol 1 ot 4 o) o AU PRUPPPN: 15
YT 0 oY o1 < 3 o o 1= ISP 15

b, MOIfied MOGEL.....cooiiiieeee ettt st s e et e e s b e snee e sbeeenes 15

5. Preliminary DESIZN DIaWingS: .....ccucciiiiieiiee e eeiiee e eette e e eette e e eette e e e stee e e eeteeeeeenbaeeeeentaeeeennsaeaeennsenas 15
B, RESUIES .ttt st ettt h e s h e sttt e b e b e be e be e she e e e e etean 16
6.1 FEA ANGIYSIS .uvviiiiiiiieeieieee ettt ettt e e ettt e e et e e et e e e e sabtae e s abaeeeesabbeeeeanbaeeeanraeeeeabeeeeennreeas 16
6.1.1 Sample model without Modification ...........occviiiiiiii i 16
6.1.2 MOified MOTEL.....c ittt ettt st ee s 19

6.2 CFD Modelling (Computational fluid dynamics) .......ccceeeeciiiiieciiieeeecieee e e 21
6.2.1 Sample MOdel CFD RESUIL .......ovieiiiiee ettt ettt e e rtee e e e ta e e s esnbae e e enreeas 21
6.2.2 Sample model modified CFD RESUIt.........ueiiiiiiiiiciiie ettt 24
6.2.3Goals plot of SAMPIE DENCH .....eviiiee e e 27
6.2.4 Goals plot of modified sample BENCh ... 28
7.Glossary and list Of ADDIreVIations .......c.eeiiiciiiii it e e et e e e e e e eabae e e e nreeas 28
BLDISCUSSION: L.ttt ittt sbe e sar e s 29
L O B I Yo - Y T3 U SPTRN 29
A o N Yo | Y 13 PSP 29



List of Figures

FIUIE L1 PrOJECT MM ..ottt e e e e ettt e e e e s e s beb et e e e e e e e saabtbeeeeeeesesannnnnes 5
T (0L I A U] T AV £S) =T o o DRt 6
FIBUIE 31 ANAIYSIS Ty PO wrriiiiiiiee ittt ettt e et e e e ettt e e s e bte e e s s beeeessbeeeessabeeeessstaeeesstaeessnsseaessnes 6
T =(0 | < P PPPPPPPPTPPPPRE 7
FIgure 5: default fIUId ... ..ottt e et e e e et e e e e e bte e e e sabteeeseseeeeesnnes 7
Figure 6: Assigning the values for air at a velocity in velocity parameters......cccoccvvvveieeiiiciieeiccieeeens 8
Figure 7: Computational dom@in ......cccuuiiiiiiiiii ettt et e e e et e e e e b e e e e ebte e e e enraeeesanes 8
Figure 8: Adding eqUation S0QAIS .......ccciiiiiiciiiii e e e et e e st e e e s ee e e s eareeeesanee 9
Figure 9: RUNNING the IMOTE] ..c.eeiiiiieeeeee ettt e e e e e s sta e e ssnbaeeesnnnreeeens 10
Figure 10: Export results t0 SIMUIAtioN .......c..oii it saae e 10
FISUIE 11 CONNECTIONS .. .eeeiiiiieee ettt ettt e ettt e e e e s ettt e e e e e e s aabe et e e e e e s saannbeeeeeeesssannssseeeaeeesssannnrnes 11
T (8| I I 0o | - [ ) APt 12
Figure 13: adding fiXtUIE SEOMELIY .....uviiiieiiie ettt et e e e e et e e esaar e e e e ataeeesanbaeeesnaneneaean 12
Figure 14: APPIYINg the fOrCE ..ci i e e e e e e e s rbae e e s sabr e e e esnreeaens 13
FIgure 15 : IMESN DETAIIS. ... ...veieeiiiee ettt e e e e et e e e e ata e e e esaaeeeesasaeeesansseeesannreeanan 14
Figure 16:Modified MOEI .......coouiiiiieie e e e et e e s sara e e e s sabreeeesnreeaens 15
T8I Yo o T 0 TR T o TPt 16
= U I R Y] - T o [Ty o] = ol =T o =T | S 17
Figure 19:EQUIVAIENT SEraiN ..uiiiiiiiee e e e st e e s aa e s e saae e e e sstaeeessnsreeesnnnreeaens 18
FIBUIE 20:V0N IMISES STIESS .ceiviiiiiiiiiiiiiiiitiiteeeteeeeeeeeeeeeeeeeeeeteeeseteeeeeteaeeeeeaeeereaeeeteeeeeareereeeereeerereeeeereeeennn 19
Figure 21:Resultant displacemeEnt ........uvieiiciiieicee e e e e e s e e e e raareeaens 20
Figure 22:EQUIVAIENT SErAiN ...uiii ittt e e e e e e e ata e e e e sate e e e sstaeeesansseeesnnnreeaean 20
=V N T ol Ui o o] [ 1l AV Z=1 [o ol 1 Y IR 21
Figure 24: CUt PlOt 2(VEIOCITY) veeieurieiiie et eciee ettt ettt ste e etee et e e s te e e st e e s te e ebteesabeeesaseesstesesaeesnseeenns 21
Figure 25: SUrface PlOt 1(PrESSUIE) ....uuiieieiiieeieciiee e ettt e e ettt e e e eetr e e e e etae e e e ataeeeesasseeesssaeeesansseeesnnsseeanan 22
Figure 26: surface Plot 2(VEIOCITY) ..oeceueeie ettt e e e e et e e e eaba e e e sentreeeennnreeaean 22
= Uy A ol (o 1Y VA - =T o] o USSP 23
Figure 28: pressure (Modified MOEI) ...........ooiiuiiiieeeee et e st eraae e 24
Figure 29: Pressure (Modified MOEI) .......cc.eeiiuiieiiiicieecee ettt vee e e te e e rae e s reeenns 24
Figure 30: SUIface PlOT (PrESSUIE) ..ccuuieeciiieeteeeiieeecieeette e st e stee et e e s teeestveestaeessseesbaeessseesstesesasesseeenns 25
Figure 31: surface Plot 2(VEIOCITY) ..eeeecueeieeeieee ettt e e e e e e e e e ata e e e s entr e e e ennnreeaean 25
Figure 32: Flow trajectory (modified MOdel) ........ccueecuiieiiiiiiii ettt re e s 26
Figure 33: 2D model of sample Bench and Modified Bench...........cccccuveiiiiiiiecciiieeeee e 31
List of Tables

Table 1: Goals plot of SAMPIE BENCH.......coieiiiieee e e e e raaeee e 27
Table 2: Goals plot of modified sample BENCH ........cccuviiiieee et 28

Table 3: Glossary and list of ADBreviations.........ccuueiiiciiie e e 28



1. Aim:
Aim of this project is to do FEA and CFD simulation on Bench on solid works and find out the

draw backs. Then redesign the selected solid works model and compare the results with the

old model.

2. Introduction:
Solid work is a software for designing the mechanical parts and runs the designed samples

and comparing the results with the real-world conditions. In the solid works software, we are

using the two different type of analysis

|. CFD analysis (Computational fluid dynamics)
Computational fluid dynamics (CFD) is a branch of fluid mechanics which analyses and

solve problems involving fluid flow using numerical analysis and data structure. Computers
are used to perform the calculations needed to simulate the fluid’s free-stream flow, and the
fluid (liquid and gases) interaction with boundary conditions specified surface. Better
solutions can be found with high-speed supercomputers, which are often necessary to solve

the biggest and most complicated problems.

Il.  FEA analysis (Finite Element analysis)
FEA is the process by which simulation technology is used to check how a product design

responds to physical effects such as bending, heat, vibration, fluid flow and other
consequences. With FEA simulation tool, designs can be evaluated early in the design cycle,
determining what will cause premature failures, exploring design change quickly to reduce

cast and weight and determining the safety factor of the product.

Here in this project, outside bench is the selected model which is downloaded from the
grab CAD software. So, then the next step is to open the bench model in solid works and runs
the model in the CFD analysis under a specified boundary condition. After that, the model is
analysed by using FEA analysis. After that, the results are evaluated and finds out the causes
of the failure. Then the model is redesigned for resolving the factors effects the failure. The
results of the redesigned bench are compared with the bench which is downloaded from the

grab cad.



3. Method

a. Computational fluid dynamics (CFD) Method
Open the Bench file by using the solid works software.

2. Then click on the flow simulation, then click on the Wizard which is in the top
left corner.

3. Afterclicking the wizard button, a box will appear which is shown in the figurel
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Project »
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Figure 1: Project name



4. Then click on next, then click on Sl units from the unit system in the dialog box

and then click next.

Wizard - Unit System ? X
1 Unitsystem: >
System Path Comment
CGS (cmrg-g) Pre-Defined CGS (omrg-s)
FPS (ftb-5) Pre-Defined FPS (ft-lb-s)
IPS (in-lb-s) Pre-Defined IPS fin-b-s)
MMM (mim-g-s) Pre-Defined M {mim-g-s)
Sl (m-kg-s) Pre-Defined Sl (m-kg-s)
usa Pre-Defined usa
[ Creats new Name; Sl (m-kg-s) (modified)
Parameter Unit Dec\rrﬁ\ss‘;;yresu\ls ;q‘ﬁ;;"‘(‘) -~
1= Main
-~ Pressure & siress Pa A2 1
Velocity m's 123 1
Mass kg 123 1
Length m 123 1
Temperature K 12 1
-+ Physical time s 123 1
- Percentage % 12 1
T HVAC M
< > (£}
<Back | | Ned> | Cancel | | Help

Figure 2: unit system

click on next

In this dialog box click on External

Click on Exclude cavities without flow conditions and Exclude internal pipes->

Wizard - Analysis Type

Analysis type
Ointernal

(@ External

X

Congsider closed cavities

Exclude cavities without flow conditions

Exclude intermal space

®

Radiation
Time-depend
Gravity
Rotation
Free surface

Physical Features
Heat conduction in solids

ent

»

Dependency. {

< Back

MNext >

Cancel

Help |

Figure 3: Analysis type




7. Herein this model we are selecting the air because these models are normally
used in the plain areas like parks, near the lake side etc. so, in New Zealand

the chances of high velocity wind are high.

So, click on the gases on the dialog box and select air-> then press add button

-> click next. Which is shown in the figure 4 and 5.

e x
Fluids Path MNew 2
Gases
Liquids
Non-Newtonian Liquids
Compressible Liquids
Real Gases
Steam
Addd
Project Fluids Default Fluid Femove
Flow Characteristic Value
Flow type Laminar and Turbulent ~
»
< Back Mext > Cancel Help
Figure 4
e x
Fluids Path ~ INesw. 2
=) Gases
=1 Pre-Defined
Acetone Pre-Defined
Air Pre-Defined
Ammonia Pre-Defined
Argon Pre-Defined
Butane Pre-Defined
Carbon dioxide Pre-Defined
Chiorine Pre-Defined
Ethane Pre-Defined
Ethanol Pre-Defined “ Add
Project Fluids Default Fluid Remove
Flow Characteristic Value
Flow type Laminar and Turbulent hd
»
< Back MNext > Cancel Help

Figure 5: default fluid



8. Inthe parameters, there is a velocity parameter and the air (wind) can flow in
z direction at 70m/s. Then the mark it as -70 m/s in velocity in z directions.

Which is shown in the figure 6

Wizard - Initial and Ambient Conditions ? X
Parameter Value &
Parameter Definition User Defined

= Thermodynamic Parameters
Parameters Pressure, temperature
Pressure 101325 Pa
Temperature 2932K
(= Velocity Parameters
~ Parameter Velocity [v]
Defined by 3D Vector [v]
Velocity in X direction omis
Velocity in Y direction 0omis
- Velocity in Z direction -70 m/s
| Turbulence Parameters

g ’m Coordinate System... I Dependency... ’>}‘

| <Back | | Finish | | Concel | | Hep |

Figure 6: Assigning the values for air at a velocity in velocity parameters.
9. After completion of the wizard dialog box, a computational domain box will
appear which is shown in the figure 7. If the domain is overlapping, then right
click on the computational domain-> click edit definition. Then adjust the

domain by using the arrows, which is shown in the figure 7
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- | - |
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Appearance v

[ETETETE Model | 3D Views | Motion Studv 1 | ¥ Static1 |

Figure 7: Computational domain



10.

>
_| PS soLIDWORKS

Fle Edit View Insert Tools Simulation Window Help # | AN @ & -

The next step is setting the goals by right clicking the goals, then select insert
global goals. Then select static pressure, total pressure, density, average
velocity, and force. Then click ok. Which is shown in the figure 8.

Also, we need to add the equation goals for finding the drag force by right
clicking the goals and select Equation goals. And add equation as (2*{drag

force})/ (({Density of air} *{Velocity of air} #2) *Area of the bench.

IE' 8 ES- Search Com

Assem1 *

3

New Study

Assembly | Layout | Sketch | Evaluate | SOLIDWORKS Add-Ins | Simulation | SOLIDWORKS MBD | Flow Simulation |

E5 Projects.
= [ Default
& Project(1)

PLEIPEB-©-v - S§-0T

£ Project(1)
=- Input Data
[ Computational Domain
Fluid Subdomains
= Boundary Conditions
o-#  Goals
- GG Av Static Pressure 1
# GG Av Total Pressure 1
# GG Av Density (Fluid) 1
# GG Av Velocity 1
# GG Force 1
#. Equation Goal 1
=@ Mesh
& Global Mesh
-B§ Results (Not loaded)

g

11

Figure 8: Adding equation goals
The next step is to run the simulation, by right clicking the Tools in the top of
task bar, then select flow simulation-> select solve-> select Run (shown in the

figure 9). After running the results, note down the reading in the results.
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B GG Av Density (Fluid) 1
B GG Av velocity 1 Compare » Customize Menu Customize Menu
B GGForce 1 Find/Modify .
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- Mesh #F Format Painter. v
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C t B
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Figure 9: Running the Model

12. After running the results, then we need to export the flow simulation. So, select
tools-> click on flow simulation-> click on Tools -> then click on Export results to
simulation.

earch Cor

pA
JPS SDLIDWORKS‘ Fle Edit View Insert |Tools | Smuation Window Hep % | @D - -E-8- ' 0 E®- Assem1
Report

-
SOLIDWORKS Applications

= Gl Offioaded Simulation

N B Design Insight
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Compare

- B Include Image for Report | 5 Manage Network
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Flow Simulation r Project ’
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Al
X Fixed-1 . Copy to Project.

~ 1§ External Loads
LLL Fluid Pressure
& Fluid Shear Stress X
& Fluid Shear Stress Y
A Fluid Shear Stress Z

» @ Mesh
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Figure 10: Export results to simulation




b. FEA analysis (Finite Element analysis) Method

1. To run the FEA analysis, first click on New study-> click on static -> click ok. Then

the new study for FEA analysis will appear in the left side

2. Then the next step is to assign the material to the model (Bench). So, right clicking

the parts, click the apply/edit material. Then select Delrin from the plastics then

click apply, then click ok.

3. The main reason for selecting Delrin from plastics, because of no corrosive and low

cost. Also, it last for long period of time.

4. Next stepis the connections, right click on connections-> click on contact set, then

the contact set dialogue box will appear, which is shown in the figure 11.

e

p’SsoLmWO,qu File Edit View Insert Tools Simulaion Window Help | A -¥-E-5- 'IE' e ES- Assem1 *
N B> Design Insight Report Gl Offloaded Simulation
@ - @ Indude Image for Report 8 Manage Network
Manager . Results

= e
New Study Apply Fixtures Advisor External Loads Advisor Connections Advisor Shell Run This Study Results Advisor

Material

Assembly | Layout [ Sketch | Evaluate | SOLIDWORKS Add-Ins | Simulation | SOLIDWORKS MED | Flow Simulation |

[ Projects
=- e Default
&8 Project(1)

Ei Boundary Conditions ~
=-# Goals
. -® GG Av Static Pressure 1
#® GG AvTotal Pressure 1 ¥

e
o} Static 1 (-Default-)
» & Parts

- IEdiEon #4 Connections Advisor..
» & ¢
» &C& Contact Set..
v [ Fixtul @ Component Contact..
& Fi

~ L} Exter B Contact Visualization Plot.

L FI Find Underconstrained Bodies...

EXi
4 § Spring.
4 F[ S Pin..
» & Mest T Bolt..
Resul @ gearing..

> B Resul gt welds.
L. Edge Weld..
7 Link..
I Rigid Connection.
<@ Hide All
@ Show All

[ copy

: : : M
SOLIDWORH ’ﬁB Create New Folder

PEEBER - 0-v- Q-1

2

¥ Static 1

Fullv Defit

Figure 11: connections

5. Then select the Automatically find contact set -> in the components box click on

find contact set. In the results box, convert No penetration into bonded then



select the four different components in the result box. Click the plus sign -> click

ok shown in figure 12.

p’Ssountm@ Fle Edit View Insert Tools Simulaton Window Help = & - Assem? * B seorch comr

Assembly | Layout | Sketch | Evaluate | SOLIDWORKS Add-lns | Simulation | SOLIDWORKS MBD | Flow Simulation |

> @ Assem! (Default<Di PLREB-W- 49 =
gs[E[e[e]=]
Contact Sets @
voOX M
() Manually select contact sets o
(@ automatically find contact sets
Options ~

(@ Touching faces

(O Non-touching faces

B ln

Components ~ }

@

Find contacts with the rest of the
assembly

Find contact sets

Results ~

¥

LX
Type: No Penetration >

v

[P0  Model | 3D Views | Motion Study 1 | ¥ Static1 |
Figure 12: Contact set

6. Adding the fixtures, by right clicking the fixtures and select fixed geometry. Then
the next step is to select the places to make fixture which is shown in the figure

13.

Figure 13: adding fixture geometry



7. After applying the fixtures, the next step is to add the external load by right clicking

the External load -> select flow effects. Which is show in the figure 14.

;5 SOLIDWORKS File Edit View Insert Tools Simulaton Window Help »* | @D -H-@-8- - {S 0E®- Assem! *
< 44 Extemal Toads AVES: = (3 R % B> Design Insight Report Gl Offioaded Simulation
New Study Advisor Connections Advisor gy Run This Study | Results Advisor e - 8 Include Image for Report | £ Manage Network
. ? 4 Force.. . Manager g > Results
Assembly | & Torque... ORKS Add-Ins | Simulation | SOLIDWORKS MBD | Flow Simulation @ M -

Lt Pressure.. PHEEB-T-v-O@-0
@ [l o Graviy..
& Projects | <3 Centrifugal...
= }® Defaul }» Bearing Load.
< P'fﬂ Temperature..
'@ Project(1) [1& Prescribed Displacement. ~

& Input [
) col P Elow Effects..

@ Flu  Thermal Effects.. v

7. <% Remote Load/Mass.
@ Static 1 (-t @ Distributed Mass
v & pants
~ §3 Conne«
» & Cor  Hide Al
» &Cot oAl
~ [ Fixture
X Fixé 5 Create New Folder
~ |48 Extemal [oads
4 Fluid Pressure
4 Fluid Shear Stress X
4 Fluid Shear Stress Y
4 Fluid Shear Stress Z
- Q Mesh
» [ Mesh Controls
[£5] Result Options
~ [@ Results
@ Stress1 (-vonMises-)

®' Displacement1 (-Res disp-)
& strain1 (-Equivalent-) Y X
® Displacement1{1} (-Displacement-)

L'(

[RISTFTH] Model | 3D Views | MotionStudy 1 | ¥ Static1 | i
SOLIDWORKS Student Edition - Academic Use Only Fully Defined _Editing

Copy

Static X
Options Adaptive Flow/Thermal Effects Notification Remark

Thermal options
@ Input temperature

(") Temperatures from thermal study

For each nonlinear time step, use temperature from
(") Temperature from SOLIDWORKS Flow Simulation
SOLIDWORKS model name
Configuration name
Temperature from time step
Reference temperature at zero strain: Kelvin (K) ~
Fluid pressure aption
Include fluid pressure effects from SOLIDWORKS Flow Simulation
C\Users\tonyp\Desktop\Benchy 1y 1.fld
SOLIDWORKS model name Assem1.SLDASM
Configuration name : Default
Flow iteration no. : 128
@ Use reference pressure (offset) in fld file 101325 MNfm*2
O Define reference pressure (offset) 0

[]Run as legacy study (exclude shear stress)

Cancel Apply Help

Figure 14: Applying the force



A dialog box will appear in flow/Thermal effects, in the fluid pressure options,
make a tick mark in the include fluid pressure effects from SOLIDWORKS flow
simulation. Then click doted button near the Fluid pressure option-> then select the

1.fld file -> click ok. Which is shown in the above figure.

8. The next step is to create the mesh to the selected model
Right click on the mesh, then click create mesh. after that, a dialogue box will

appear in add the mesh according to our needs. Then click ok.

Mesh Details < X Mesh Details =X
Stucy narne Static 1 (-Default) Studly narme Static 1 (-Defauli)
tesh type Solid Mesh tesh tyoe Salid Mesh
Mesher Used Curvature-based mesh Mesher Used Curvature-based mash
Jacobian points 4 points Jacohian points 4 paints
tesh Control Defined hesh Contral Defined
hax Element Size 274923 in Wax Element Size 2.83493 in
Min Elerment Size 0543847 in hdin Element Size 0.566987 in
htesh quality High Mesh quality High
Total nodes filalati Total nades BR788
Total elements 3407 Total elements 28171
Maxirmurn Aspect Ratio 16.027 Maximum Aspect Ratio 34.222
Pgrcentage of glements 499 Pgrcentage Dfe_'lements 935
with Aspect Ratio < 3 with Aspect Ratio <3 )

Percentage of elements e of elements
with Aspegd Ratio > 10 0.998 ﬁﬁﬁfs”;i% Ratio > 10 Lt
% of distorted elements 0 % of distorted elements 0
(Jacaobian) {Jacobian)
Remesh failad pans with incompatible mesh | Off Remesh failed parts with incompatible mesh | Off
Time to complete meshihh:mm:ss) 00:00:02 Time to complete mesh(hh:mm:ss) 00:00:05
Computer name Computer name
a. Sample model mesh details b. Modified model mesh details

Figure 15 : Mesh Details

9. Final step is to run the model at given conditions, by clicking Run this study. Then

note down the readings from the results.



4. Design specification:

a. Sample model
Here in this project, outside bench is the selected model which is downloaded from

the grab cad. So, here in this model both the CFD and FEA is analysed. In the CFD the air the
moving gas. We can see the different type of benches are installed in parks, near the lakes
etc. so, sometimes a high velocity wind can blow through the plain surfaces like parks, near
the lakes or rivers. Therefore, it is important to analyse the flow by using the CFD and FEA
analysis and the model is drawn in the 2D drawings, which is shown in the figure 32. Also, the

material which selected is the plastics which is not corrosive and long lasting.

b. Modified model
After getting the results form the sample bench model. The next set is to redesign the

model with improved efficiency. So, here | have done some modifications which is shown in

the second image of figure 32.

| || | | .29

Figure 16:Modified model

5. Preliminary Design Drawings:
It is shown in 2D, which is shown in the last page



6. Results
6.1 FEA Analysis

6.1.1 Sample model without modification
a. Von Mises Stress

Maximum Von Mises stress- 7.588e+01 Mpa

Minimum Von Mises stress- 3.19e-03 Mpa

Model name:Assem

Study name:Static 1(-Default-)

Plot type: Static nodal stress Stress1
Deformation scale: 2.36719

von Mises (N/mm*2 (MPay)
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. 2.625e+01
. 2.100e+01
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1.050e+01
5.253e+00

3.193e-03

—J vield strength: 6.300e+01

£
# Min:| 3.193e-03

Figure 17: Von mises stress




b. Resultant displacement
Maximum Resultant displacement — 6.740e+07 mm

Minimum Resultant displacement — 1.00e-30 mm

Model name:assem1

Stucy name:Static 1(-Default-)

Plot type: Static displacement Displacement!
Defarmation scale; 2.26719

URES (mm)
6.740e+01

6.178e+01

_ 5.616e+01

_ 5.055e+01

- 4.493e+01
_ 3.032e+01

3.370e+01
_ 2.247e+01
_ 1.6B5e+01
1.123e+01
5.616e+00

1.000e-30

o
' c
m 1,000e-30
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Figure 18:Resultant displacement




c. Equivalent strain
Maximum Equivalent strain — 7.820-03

Minimum Equivalent strain — 1.443-06

Model name:Assem1

Stucly name:Static 1({-Default-)
Plot type: Static strain Strain1
Deformation scale: 2.36713

ESTRM

7.820e-03

7.16%e-03

_ 6.517e-03

_ 5.566e-03

_ 5.214e-03

. 4.562e-03

L 3.911e-03

. 3.250e-03

. 2.608e-03

. 1.956e-03

1.305e-03

6.530e-04

1.443e-08

@ Min:| 1443e-06

Figure 19:Equivalent strain




6.1.2 Modified model
a. Von Mises Stress

Maximum Von Mises stress- 3.149e+01 Mpa

Minimum Von Mises stress- 7.320e-04 Mpa

Model name:assem
Study name:Static 1(-Default-y
Plot type: Static nodal stress
Deformation scale: 5.67098

von Mises (N/mm"2 (MPaj)

3.149e+01

l 2.8687e+01

L 2.624e+01

e
3.149e+01

. 2.362e+01

- 2.100e+01
_ 1.B37e+01

L 1.575e+01

- L 1.312e+01

_ 1.050e+01

_ T.B74e+00

5.250e+00
I 2.625e+00
7.320e-04

— vield strength: 6.300e+01

Figure 20:Von Mises Stress

b. Resultant displacement
Maximum Resultant displacement — 2.805+01 mm

Minimum Resultant displacement — 1.00e-30 mm




Model name:Assem1
Stucly narne:Static 1(-Default-y
Plot type: Static displacement
Deformation scale: 567092

URES (rmim)
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2.571e+01

_ 2.337e+01

- 2.104e+01
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Figure 21:Resultant displacement

c. Equivalent strain
Maximum Equivalent strain — 7.820-03

Minimum Equivalent strain — 1.443-0

@ assem 1 (Default<Di.. Model nameifssem 1

Stucly name:Static 1(-Default-)
plot type: Static strain Strain1
Deformation scale: 5.67098

ESTRM
5.860e-03

5.371e-03

4.882e-03

4.395e-03
3.007e-03

_ 3418e-03
2.930e-03
2.442e-03
1.953e-03

1.465e-03

0.762e-04

4.885e-04

1.070e-07

Figure 22:Equivalent strain




6.2 CFD Modelling (Computational fluid dynamics)

6.2.1 Sample model CFD Result
1. Cut plot 1(velocity)

77.589 Iteration = 128
68.968
60.347
51.726
43.105
34484
25.863
17.242
8.621
o
Velocity [mis]

Cut Plot 1: contours
Surface Plot 2: contours

Figure 23: cut plot (Velocity)

2. Cut plot 2 (pressure)

108581 .54
105769 76
104957 98
104146 20
103334 42
102522 F4
101710 86
100899 08
100087 30
39275 52
Pressure [Pa]
Cut Plot 2: contou

Surface Plot 1: co
Floww Trajectories 1

Figure 24: cut plot 2(velocity)
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3. Surface plot 1(pressure)

Iteration = 128

10B581.54
105769.76
104957.98
104146.20
103334 .42
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101710.86
100889.08
100087.20
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Pressure [Pa]

Cut Plot 2: contours
Surface Plot 1: contours
Flows Trajectories 1

Figure 25: surface plot 1(pressure)

4. Surface plot 2(velocity)

77.589 Iteration = 128
68.968

T B0.347
51.726
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Cut Plot 1: col s
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Figure 26: surface plot 2(velocity)



5. Flow Trajectory
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Figure 27: Flow Trajectory



6.2.2 Sample model modified CFD Result
1. Cut plot 1(pressure)

Figure 28: pressure (Modified Model)

2. Cut Plot 2(Velocity)

Figure 29: Pressure (Modlified model)



3. Surface plot 1

108318.05
10720142
106084.79
104968.15
103851.52
102734 89
101618.25
100501 62
99384.99
98268.36
Pressure [Pa]

Cut Plot 1: contours
Surface Plot 1: contours
Flow Trajectaries 1

Figure 30: surface plot (pressure)

4. Surface plot 2 (Pressure)

lteration = 140

11.740
1.785
-8.184
-18.124
-28.078
-38.033
-47.887
-67.842
-67.896
-77.891
Velocity (Z) [m/s]
Glohal Coaordinate System

Cut Plot 2 contours
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Figure 31: surface plot 2(velocity)




5. Flow trajectory

108318.05
10720142
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Figure 32: Flow trajectory (modified model)




6.2.3Goals plot of sample bench

Table 1: Goals plot of sample Bench

Goal Progr | Use In

Nam Average | Minimu | Maximu | ess Converg

e Unit Value d Value | m Value | m Value | [%] ence Delta Criteria
GG

Av

Static

Press 101314. | 101314. | 101314. | 101314. 0.50248 | 0.52255
urel | [Pa] 3711 3299 1801 6826 100 | Yes 5384 2422
GG

Av

Total

Press 104257. | 104257. | 104257. | 104257. 0.27515 | 1.60924
urel | [Pa] 8239 7257 6108 8859 100 | Yes 7154 8161
GG

Av

Veloc 69.1369 | 69.1342 | 69.1300 | 69.1375 0.00752 | 0.03113
ityl | [m/s] 6985 2391 3666 6459 100 | Yes 7932 5774
GG

Force 1640.05 | 1633.70 | 1624.75 | 1640.24 15.4943 | 145.359
1 [N] 1764 1736 5348 9723 100 | Yes 7527 9459
GG

Av

Densi

ty

(Fluid | [kg/m | 1.20346 | 1.20346 | 1.20346 | 1.20346 4.50641 | 9.34554
)1 73] 6962 6312 4829 9335 100 | Yes E-06 E-06
Equa

tion

Goal | No 0.01000 | 0.00996 | 0.00991 | 0.01000 9.27048 | 0.00085
1 unit 3635 5699 2302 5006 100 | Yes E-05 7626




6.2.4 Goals plot of modified sample Bench

Table 2: Goals plot of modified sample Bench

Goal Progr | Use in

Nam Average | Minimu | Maximu | ess Converg

e Unit Value d Value | m Value | m Value | [%] ence Delta Criteria
GG

Av

Static

Press 101317. | 101317. | 101317. | 101317. 0.44026 | 0.47604
urel | [Pa] 3292 369 0009 5378 100 | Yes 6326 9849
GG

Av

Total

Press 104260. | 104260. | 104260. | 104260. 0.47232 | 1.47229
urel | [Pa] 7178 5407 2988 7712 100 | Yes 6432 1191
GG

Av

Densi

ty

(Fluid | [kg/m | 1.20350 | 1.20350 | 1.20349 | 1.20350 5.49472 | 8.56316
)1 73] 1455 1215 7311 2806 100 | Yes E-06 E-06
GG

Av

Veloc 69.1908 | 69.1863 | 69.1806 | 69.1925 0.01188 | 0.02875
ityl | [m/s] 4613 4448 2945 1299 100 | Yes 3534 9534
GG

Force 1376.03 | 1369.88 | 1361.28 | 1376.03 14.7480 | 120.295
1 [N] 6875 8208 8781 6875 100 | Yes 9338 282
Equa

tion

Goal | No 0.14742 | 0.14678 | 0.14587 | 0.14742 0.00154 | 0.01250
1 unit 5006 5342 8078 5006 100 | Yes 6928 0264

7.Glossary and list of Abbreviations
Table 3: Glossary and list of Abbreviations

S/N Abbreviations

01
02

CFD
FEA

Explanation

Computational fluid dynamics
Finite Element Analysis




8.Discussion:

8.1 CFD Analysis:
Initial design:

+ In the initial design of the bench, the force is 1640.249723 N. Therefore, the chances
of failure are comparatively high. The main reason for this much force is that the air
flow is directly act in the vertical surface of the bench and there is only a small gap.
Hence the air flow should need to deviate, hence the force will be created.

Final Design:

4 In the final design the force reduced to 1376.036875 N by adding number of holes in
the vertical surface of the bench. So, the air will flow through the holes then the force
will consequently reduce.

4+ From the goal plots which is shown in table 1 and 2, the pressure remains constant in
both the initial and final design. The main reason for the constant pressure is that the
CFD analysis the benchis fixed or stationary. There is not any other moving part, Hence

the pressure remains constant.

8.2 FEA Analysis:
Initial Design:

+ In the sample bench model, the assembled part which is run through the FEA analysis
and then the results are note. So, here the maximum Von Mises stress for this is
7.588e+01 Mpa. However, the yield stress of the Delrin the 6.300e+01. If the von mises
stress exceeds the yield stress the failure occurs. Here, when the wind blows at 70 m/s
the sample bench model of 7.588e+01 von Mises stress, the material fails in the FEA
analysis. Therefore, if the material fails at a given conditions then the sample bench
model should need to be modified with more efficient than the last model.

4+ The main reason for the failure is that the area of cross section is the one among the
factors for causing failure. If the there is less cross the chances of failure are relatively
high.

Final design:

4+ Here main areas of failure are near the edges of the bench which is shown in the figure

17. So, to avoid this failure one of the common methods is the adding chamfer in the

edges of the bench frame, which is shown in the figure 16. After adding the chamfer



on either side of the bench and runs through the FEA analysis. The main function of
the chamfer will reduce the stress concentration which reduces the damage in the
edges of the assembled material. Then the Von Mises stress is 3.149e+01 M pa and
the yield strength of the Delrin material is 6.300e+01. Hence the von mises is less than
yield stress. There for, the material will be in the safe condition when the air blows at

a speed of 70 km/hr towards the bench.

9.Reference:
https://grabcad.com/library/bench-189



https://grabcad.com/library/bench-189

2D sketch of initial and final design
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Figure 33: 2D model of sample Bench and Modlified Bench
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