Appendix - |

1. Cantilever Beam used as Transducer
The motor flagella assembly is mounted on an aluminium cantilever beam which is

300 mm long. The cross section of beam is rectangular with 50 mm by 1.86 mm.

2. Silicon Oil Containers
Different viscosity of silicon oil is used to maintain the low Reynolds number regime

and for performing experiments on various viscosity.

3. PDMS
PDMS is mixed with curing agent in 10:1 to fabricate different designs of flagella.

Curing agent
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This section details the simulation steps to carry out comparative analysis of stress,
electric potential and energy flux generated by different geometries of branched flagella
as discussed in Chapter 5. In the section below smulation steps are same for all the
simulation studies performed.

The smulation can be divided into following steps:
v" Domain selection
v Physics and study selection
v Building of geometry
v" Defining materia
v" Applying boundary condition under physics domain
v' Mesh
v Study
1. Domain selection
First step is to select space dimension. This can be either 0D, 1D, 2D or 3D. In our
study 3D domain space dimension is selected.

Select Space Dimension

1
‘m ‘@i
s

3D

1
i
1D
=Lk Axisymmetric

‘ i H oD ‘

Axisymmetric

Help a Cancel El/DDne
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2. Physicssdection
After selecting 3D space dimension, it will goes to physics selection domain. Under
this step we selected solid mechanics, electrostatic and laminar flow physics. After
selecting physics domain go to study selection as mentioned below.

El - Definitions Geormetry Materials Physics Mesh

Select Physics

- {0 Recently Used -~
=1 Solid Mechanics (solid)

= Electrostatics (es) <

=== Laminar Flow (spf)
2, Pieroelectric Dewvices @
=& Fluid-Solid Interaction, Fixed ooty
xR AC/DC
N} Acoustics
£=2F Chemical Species Transport
1T Electrochemistry
Fluid Flows
i Heat Transfer
e Optics
Plasma
& Radio Frequency

TYYVVVYVYVYY
!

Added physics interfaces:

Femowe

|° Space Dimension —_— Study
Help 3 cancel [ Done
3. Study selection
Under this step, the study which needs to applied is selected followed by pressing

done button.

Home  Definitions  Geometry  Materials  Physics  Mesh  Study  Results  Developer

Select Study

4 ~do General Studies
[= Stationary
[, Time Dependent
4 ~do Preset Studies for Selected Physics Interfaces
b b Solid Mechanics
b~ Electrostatics
b~ More Studies
b ~do Preset Studies for Some Physics Interfaces
~db Empty Study

Added study:

Added physics interfaces:
£ Solid Mechanics (solid)
% Electrostatics (es)
== Laminar Flow (spf)

O prysics <——
Help 678 Concel [ Done
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4. Unit selection
Under this step, the unit of the dimension which is to be constructed is selected under

the geometry head. Here um dimension is selected.

Settings
Geometry
[EE Build &ll

Label: Geometry 1

¥ Units

[] Scale values when changing units

Length unit:

pm

A

nm

yin <

um

mil
mm
cm
dm

yd

krm

5. Building geometry

For building a 3D geometry, select work plane under geometry head. And under this

work plane, click onto plain geometry and select the shape that is to be drawn. In this

study, different sets of branched flagella are drawn.

I Delete Entities

Parts
Programming

Selections

G Measure
E§ Insert Sequence
= Export
[ Delete Sequence

Copy as Code to Clipboard ’

=0 Rename

Settings

0O Cylinder
o Messages. Graphics| Progress Log Table 1
Sphere -
More Primitives 3 QR @ b mEEC O R
BRRY ~EEE->
B WorkPlane <
B etrude =
<~ Revalve
# s =
Booleans and Partitions »
Transforms ’ -] [m
Conversions r
- o 503 60 80

100

After drawing the geometries, the work plane is extruded to a height so as to obtain 3D
branched flagellated structure.
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B Buid Selected i 7
] Build Preceding Fo v|
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Add After ’
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Copy -
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Defining material

After drawing the geometry, materiad is defined to each of the domains. In

thiss mulation study, Domain 1, the outer domain is selected as water filled tank and
domain 2, 3 and 4 is selected as PV DF piezoel ectric.

Defining Water Domain 1
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b Mash1
b Sudy
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Geamelric Entty Selection 100
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Defining PYDF- Domain 2,3 and 4
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7. Applying boundary condition
After defining the materia to the geometry, the boundary conditions are applied.
Under laminar flow, any point of outer domain 1 is selected as pressure point

constraint to apply O pressure.

¥j  pFararmeters |

4 Commaon Model Inputs * Point Selection

iz Materials Selection: | Manual ..|
@ Component 1 (coma I}
b = Definitions 1 bt
b Y Geomety 1 : B =
b g Materisls Active n ¥
4 Z Laminar Flow (spf &

b G Fluid Properties 1
b Initisl Vislues 1
b Wall 1

b &% Pressure Point Constraint 1 off=== | | Qvemide and Contribution
= Equation Yiew

b €2 Solid Mechanics (sodid) jal Cquation

b % Electrostatics (es) w Pressure Conslraint

b .\‘;, Multiphysics

b A Mesh 1 Pressure:
& Study 1 Po O Pa
8 Results

In solid mechanics physics oscillation to one end of branched flagellais provided
through prescribed velocity boundary condition.
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Under electrostatic physics, ground and floating potential boundary condition is applied
to check electric potential generated due to deformation of piezoelectric material.

1N Lompanent | jcomp )

b = Dclrian g v+
b A Geomey! ; & -
b 3 aerals hetie ¥
I % Laminar Flow (saf) & N
550 Solid Mechanics fsli)
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b (@ Chuge Conanation,Pisedti1 | EAulion
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A A

In multiphysics node, laminar flow, solid mechanics and € ectrostatic physicsis coupled
together by selecting piezoelectric effect and fluid structure interaction.
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b % Electrostatics (es)
o Multiphysics
b A Meshl

b oo Study 1

> &R Results

8. Meshing

X, Piezoelectric Effect €

A, Electromechanical Forces

1 Fhuid-Structure Interaction ()
“H Fluid-Structure Interaction, Pair

B Hep

F1

In this step, the geometry is divided into small geometric domains via mesh. Physics

controlled mesh along with normal element size is chosen.

4 (1) Globil Deitions
B Pvamtes Labek Mesh1
4 Common Mol Inpus
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9. Computation of study
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After carrying out the above listing steps, the model is computed under study node.
After software finishes, many results can be obtained in graphic window.
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