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So, let me continue let us continue with electro mechanical and thermal actuator.
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Electromechanical and Thermal Actuators

Capacitive pressure sensor Biased resonator Thermal actuator

So, till now what we saw was piezoelectric materials, how to model that in COMSOL,
we also talked about how to model piezoresistive structures within the COMSOL multi
physics, how the coupling of structure mechanics with the electrostatics was occurring.
In this example, that we are going to talk about, we going to take about how the

activation actually happens and what are the physics behind that.
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Capacitive Pressure Sensor

+ Pressure sensor example designed to provide an
introduction to modeling techniques used in MEMS.

+ Shows how to set up a coupled structural/electrical
problem using important features of the
MEMS Module:

+ Electromechanics
+ Thermal Stress
+ Terminal Boundary Conditions

+ Shows how to compute the sensor performance and the
effects of thermally induced packaging stresses on the
Sensor response

One of the example model that comes into picture is capacitive pressure sensors. These
are regularly used in our mobile phones as you know. And, this is kind of touch senses
that people want to model they want to have it on you there mobile phones. So, let me
just go ahead and open this particular model. So, I go to COMSOL and I go to file
application library. And, again I go and search for piezo sorry not piezo, this is now

electro mechanical systems. So, we have done away with the piezoelectric device.

Now, we are going to move ahead with electromechanical actuators. So, let me go to
actuators. And, I think it should be somewhere over here or it could be a part of structural
mechanics module. So, if you are not able to search this search for a capacitive pressure
sensor, so if you search searching for the first time, it may take some time, but then it
will take very quickly. So, this is example which is all was already available in MEMS
module sensors, so capacitive pressure sensor right. So, let me just open this

documentation to help you understand the physics part.



(Refer Slide Time: 02:25)

B & B modelsmemscapacitie X+ v

(OB ‘ % kLB -

Model Definition

‘The model geometry is shown in Figure 1. The pressure sensor is part of a silicon dic that
has been bonded to a metal plate at 70 °C. Since the geometry is symmetric, only a single
quadrant of the geometry needs to be included in the model, and it is possible to use
symmetry boundary condition.

Figure 1: The model geometry. Left: The symmetric device geometry, with one quadrant
Inghlighted in blue, showing the spmmetry planes. Right: In COMSOL only the highlighted
quadrant is modeled, and the symmetry boundary condition is used on the cross section walls.
A detailed 2D section through the functional part of the device is shown in Figure 2. A
thin membrane is held at a fixed potential of 1 V. The membrane is separated from a
ground plane chamber sealed under high vacuum. The sides of the chamber are insulating,

So, again that you see over here, this is the actual geometry that you want to model ok.
So, as you can see over here this is a circular geometry which is very nicely symmetric in
nature. And we actually exploit the symmetric nature of your geometry. What we do over
here, we model only a quarter part of your geometry instead of the complete spherical or

the cylindrical geometry. So, this is the actual domain, which is model in COMSOL.
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Figure 2: Cross section through the device showing the capacitor. The vertical axis has been
expanded to emphasize the gap.

When the pressure outside of the sealed chamber changes, the pressure difference causes
the membrane to deflect. The thickness of the sealed chamber now varies across the

membrane and its capacitance to ground therefore changes. This capacitance is then
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So, if you take a cross section over here you will see something like this right. So, you

have the sealed chamber in the middle and then you have insulators on both the sides.



And then there are two membranes, one is the bottom part and the other is the top part
ok. And this is actually works as a capacitor, because based upon the deformation that is
going to happen over here. The change in capacitance is going to occur because
capacitance is nothing but epsilon a by d. So, is a distance is decreasing. So, capacitance

is going to increase right. So, let us go to the model.
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So, let me open this model. So, over here again the first part is to make the geometry.
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So, here you can see that how the geometry has been made. First making blocks and then
partition domains and then finally, we have this particular domain right. So, we are going
to model only a quarter part and then we are going to apply symmetry boundary

condition on the right and on the left side ok.

Next part is the materials part very important part. Here we have used scalar material
properties for the silicon as you can see over here and also the coefficient of thermal
expansion comes in to the picture, so that means, this structure is also dealing with the
thermal expansion. The next part is the vacuum part that happens between the two
domains over here. This is the domain that is going to deform to the downward direction,
and the capacitance is going to change. The next part is the steel domain that is in the
bottom. This is the major part steel and this should be again we having a very high

Young’s modulus and very high density. Again everyone is a scaled over here.

The next part is electrostatic sorry the next part is the structural mechanics that is solid
mechanics part. And over here we are giving a boundary load as you can see over here.
So, boundary load has been given on this particular boundary ok. In this particular
boundary, how much pressure has been given here it is p naught pressure that has been

given, a p naught pressure has been defined over here 20 kilo Pascal.

So, give a particular load in the top and it is going to deform, because its an elastic
material, it is going to deform. And along with the de deformation there is also thermal
expansion that is because of the temperature there is going to be some a external
temperature. So, here the temperature external is T naught, so it is around 20 degree,

there is operating temperature.

And then we have die bonding temperature that has been given in the model input over
here T ref right. So, here this is an while the bonding was taking place at that time some
temperature would have been there. And because of their, they could have been some
thermal expansion of your geometry. So, it is not going to be, so this is while the
fabrication is going to take place. So, because of the fabrication issue also some kind of

deformation that takes into picture because of thermal expansion.

We definitely want to give symmetry boundary condition because we have modelling
only quarter part. So, we have the symmetry a boundary condition on the right side and

on the left side. And then we give prescribed displacement. So, why we are giving it is



we are saying that it is not going to move in the top part. So, it is not going to move in z-
direction this particular point. So, it is kind of we are going to give some kind of
constraints to this particular device. And, finally the boundary load from the top side, so
it is going to give the load from the top to bottom. So, we are going to push it to the

bottom.

The next part is a electrostatic part and the electrostatic of course, we are going to give
potentials. So, in the case that the terminal boundary condition that is given a potential of
1 volts that is the top part. Let me just zoom in. And you will see that the top part the
whole domain is giving a 1 volts. And the bottom part that the so let me just enable the
wire from the rendering and here it is a boundary. So, you will notice that this is a

boundary. This is not a domain. However, the terminal is a domain.

So, how do say signify what is a difference, here we will see the blue is completely filled
cylinder, and over here the blue is filled only on the surface of the ground right. So, but
in the middle it still vacuum right, so you can see over here right. So, in the bottom, you
have for the ground and terminal is in the top. But in the in the middle, it still left. So, it

means go to have a different views with that could help.

So, you can see this is a bottom part. And this is the top part terminal. Some part is all
already there which is missing that is the vacuum. The next part is the multi physics. So,
here we move from piezoelectric to electromechanical forces, which couples the solid

mechanics with the electrostatics ok, so that is how it is done.
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So, it has different types of studies. The first one is solves all the three of them as you
can see over here. The solid mechanics electrostatics and the moving mesh. Moving
mesh is the most important part now. Let me give you some introduction of moving
mesh. So, for example, you have a particular geometry. So, let me just go and show it in

the making a figure.

So, for example, we have a structure like this. So, this is what structure that we have ok.
And then we have one more bottom structure ok. And we are going to actually we are
going to apply the force from the top and which is going to make this structure to bend.
For example, it is going to bend like this right. So, it is going to bend to the bottom and

we have two different values of d for example.

So, this was the actual d value that is the distance between the two plates. This is d
original. And then we have after the displacement that let us define it as d final that the
position at the final how much is the displacement right. So, we have d original and we
have d final right. So, the d original will give you the original capacitance and the d final

will give you the final capacitance after the deformation.

So, the most important thing that is happening over here is that after the deformation the
mesh of your upper cantilever beam also needs to change right. So, if you are meshing in

the first part is the straight one right. So, let me go to the next page.
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So, if you talk about two parts, so my first part is going to be the straight part. So, this is
a just an explanatory diagram. This is not what is meshed over here. For an example over
here we have this kind of meshing. So, meshing is like we divide the actual geometry
into small-small parts right. So, this is the original geometry. So, let me write original.

After deformation once the load is given.

So, let me just after deformation. Your structure is going to actually deform. So, by

deform I mean the bottom structure is going to remain the same, because we have given



kind of a constraint at the bottom. But the top structure is going to move like this ok. So,

you will see that your mesh also needs to get deformed right.

So, here you will find that there are more compressed structure over here as compared to
the more relaxed versions on the left side. So, here it will be more relaxed; here it will be
more relaxed mesh and over here it will be more compressed mesh. So, the meaning of
the point that I am saying is that the mesh is going to get change. And the way that I want

to show you is done using the moving mesh that you can see over here right.

So, the mesh that you are discussing before that has to be taken into consideration using
the moving mesh ok. The mesh needs to be actually changing. And only then we give the
potential on the changed geometry that is a deformed geometry. So, we need to work
with two different geometries. The one is the original geometry that you saw in the
figure. And then after the deformation what is going to happen once you give the

electrostatic signal.

So, what is the capacitance of that? So, you have this is the ca the capacitance that the
original geometry with that this will give and this capacitance that the deformed
geometry will give is going to change. So, is very important that the mesh actually
change, so that it will get reflected as a form of the capacitance ok. So, let us see how
does that varies. So, over here they do a parametric sweep of different, different pressure;
however, let us go with a very simplified way let us give 0 and 25000 just to see how the

pressure varies.
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So, you can also see the convergence plot over here usually the errors a go below

power minus 3 to get it resolve ok.
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So, we have the results. So, what I want to show case you are the mesh. So, I was just

disable this; I will first plot the mesh. So, you can see that mesh is also there if you want

to only mesh I mean you wanted to want to visualize the mesh. So, I just make a volume

mesh and this is the actual mesh right that is coming from the mesh over here. So, this is



the actual mesh that we have done over here that is using the map mesh. So, we actually

have the size node. We first mesh the bottom part and then we sweep it to the top part ok.
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So, let us go with the mesh of this particular geometry. So, in the first one also we have
two values. So, you can see that this is for 0 and then this is for 25000 kilo sorry Pascal’s
of a pressure. So, you can see the some deformation was there right. So, you can see the

change in the mesh.

And this change in the mesh is then taken into consideration while we do the simulation.
If you want to see its side by side that also is possible just duplicate it and have some
kind of a deformation to shifted towards the right side that is in order of 1 mm. So, I just

move it to the right side. So, I can visualize both of them together both the mesh.
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So, in the mesh 2, I just write as 25000 right. So, if [ want to just maximize it, so you can

see that on the left side is for a no deformation and then on the right side it is with the

deformation. So, both are having a different mesh.
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So you have the potential plot over here and then the deformation plot.
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Figure 4: Electric potential in the sealed chamber, plotted on a slice besween the two plates of
the capacitor. The potential has become nonuniform as a result of the pressure-induced
deformation of the diaphragm.
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Model Canacitance vs Pressure

And, then you can also vary the pressure from 0 to 25000 and then see how much the

change in displacement is going to occur at a particular point ok.
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You can also compare the capacitance with the analytical capacitance, that is available as

an equation and then see how much is it compare compared with this right.
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Figure 7 The displacement of the structure due to an applied pressure of 25 kPa when
packaging stresses are also included in the model. Displacements are shown at the operating
temperature of 20 °C, and are assumed to be zero at the die bonding temperature of 70 °C.
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So, the complete simulation so, now I have done only for the quarter part. But if you
want to simulate for the other part of the complete structure, you can also mirror the data
set. To mirror the data set, you can just go to data set and use 3D mirrors. So, if this is

my actual geometry, see this is my actual geometry that you can see over here, I can use



the mirror to actually make it half of the geometry. Again use the mirror, so I can just use

one more mirror.

So, let me go ahead and add one more mirror and use my study 2, study mirror this one.
And then and to choose this zx-planes and I get the complete solution. So, I actually
model only a quarter part, but I get the results for the complete simulation of the

complete switch.

For example, now if [ want to see the complete switch, I can just change it to my mirror
3D two data set that is nothing but this data set. Just use this one and just plot it and I get
the result for the complete structure, where I have only model for a quarter of the
structure ok. So, this is how the pressure sensor work. You give a particular load which
changes the geometry of your structure, that means, the meshing in the case of numerical
software such as COMSOL. And then on that changed geometry we give a electro

electrical physics and from there we understand what is the capacitance.

The way to evaluate capacitance is very simple. Just right click on the derived values,
global evaluation, and just search for capacitance. You see that you can get the
capacitance with the value of es C11. So, we solve for two pressures. So, as you can see
over here, the capacitance for two pressure is changing. I can make it as a unit of pico
farads, and then again evaluate. So, as expected, the d value is going to that the distance
between the two plates is reduced because of more pressure. And it is inversely
proportional to the capacitance that is why the capacitance is increasing as the pressure is
increased. You can also go to have a line graph of how it represents the change in

capacitance based up on the pressure as you can see over here.
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The next example is a bias resonator. This is an actuator beam kind of example where we
give a particular pull-in voltage. And because of that pull-in voltage, how much de
formation displacement or actuation of that cantilever beam is going to take place has
been modelled. So, if you want to see that particular module, you can just go over here. |
think it is available in MEMS module somewhere. So, let me just go through in the
MEMS module in the actuators. So, you have many different kinds of analysis on bias

resonators.
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So, you can have particular frequency modules, where you want to know what kind of
modes with which it will going to fluctuate, we have pull-in of this voltage I means at a
particular voltage where it is going to touch the bottom plate kind of thing analysis, then
we have 3D structures again right. So, you can actually open any of that module. First go
through the documentation and then open the module ok. So, I will just open that

particular module one of the module and explain it.
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So, again geometry part is very important than the material part. So, here we have used a
polycrystalline silicon over here. So, if I enable the wire frame rendering, it is poly
crystalline silicon that you can see over here. And then we have silicon nitride in the
bottom part, and silicon oxide over here and the rest of the domain is air domain ok. In
structural mechanics or solid mechanics, we give a particular fix constant in the bottom
part and symmetry on this part. And then on electrostatics we give a particular voltage
and then ground on the bottom and terminal on this particular boundary. This is little bit
more complex to start with I will suggest you to go to the first example of a 2D

resonators ok.
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Surface Micromachined Accelerometer

+ This tutorial shows how to simulate a
capacitively actuated surface micromachined
accelerometer, using the Electromechanics
Interface. It also demonstrates how to build
up a complicated geometry from a number of
individual geometry subsequences (linked
from an external file).

+ The example used is based on a case study
from the book Microsystem Design by
Stephen D. Senturia (Kluwer Academic
Pub)lishers, sth Edition, 2003, pages 513-
525). :

So, let us go ahead and this is an example model of an accelerometer. So, this is also
available in the application library of COMSOL. So, if you want you can just go, so this
kind of devices are usually used to understand the acceleration of a particular device may
be your mobile phones you contain, so there are many games where which accelerometer
devices have been used in cars, in vehicles, in aircraft, the accelerometers have been used
a lot. And now they are also moving from accelerometer to sagnak interferometers, so
which actually works on the basis of optics, but in this case it is purely electromechanical

approach.
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So, let me just go ahead and open this particular module. I have this module over here,
somewhere. So, we have an example of surface micro machine accelerometer. The
geometry of which is little bit complex. So, we have the proof mass, the folded spring,
the building blocks that is electrode arrays, both the electrode arrays and then the

analysis part. So, let me just open this module.
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So, this is a structure that you can see over here geometry part has been modelled over
here. So, it has been introduce from the geometric parts. So, there are many structure that
are already available in COMSOL. So, if you want to understand what are those
materials, so you can just right click on the global definition and go to geometric parts
and go to part libraries. So, if you go to part libraries, there are many structures that are
already available. For example, I you are looking for lens a different some kind of a lens,
then you can actually have the lens introduced from here directly from geometry. And

based up on the focal point the complete design of lens is going to change.

If you talking about some kind of a beams and bolts, you can also look try to install from
here. You have codes magnetic codes different kinds of codes, magnetic that is also
possible, different kinds of coils are also possible as you can see over here. So, over here
they the module has introduced this kind of domains from the part libraries directly. And
from there they have introduce that have called in this particular interface. And then

applied the material properties that is air and polycrystalline in the bottom and then



finally, the physics part that is the solid mechanics part that talks about a particular fix

constants.

So, we give a fix constant at the bolts that you can see over here the blue part over here
right. So, these are the different kinds of fix constant here, the mini you can see over
here. So, all of them are bolts that is why fix constants have been given. The blue part
signifies the fix constant. Then the symmetry part because we have module only half of
the accelerometer, not the complete accelerometer that is why we have given symmetry

boundary condition over here.

So, it will in the post processing we can actually reflect what is on the left side to the
right side with the same results. Then the electrostatics part then we have sense terminal
and floating potential as we discussed before to withdraw a particular voltage ok. Then
we have a multi physics. Coupling which couples the solid mechanic with the electro
statics. And then we have two types of study both are stationary, but however, first is
normal operation and second is for self testing the details of which you will find it in the

documentation.
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Thermal Actuator

This tutorial example of a two-hot-arm thermal actuator couples three
different physics phenomena: electric current conduction, heat conduction
with heat generation, and structural stresses and strains due to thermal
expansion.

Temperature distribution in the actuator during
operation.

So this is then the last example is for the actuator is thermal actuator. In this, it works on
the principle of thermal expansion. So, let me just go and open this particular example.

So, I just search for thermal actuator. And you can see over here there are two types of



thermal actuators and along with a particular two tutorial module also. So, let me just

open this documentation. This is what demo that we will do in this section.

This is an thermal actuator that you can see over here. And these are the anchors, this is
the cold arm, the dimples are there with which it is going to get attached with this is the
main two hot arms where the temperature would be rising because of joule heating. And
these are the boundary condition we give a particular voltage and ground it to the other
side. We also give some temperature boundary condition that is fixed temperature on this
boundaries and this boundaries and fix temperature at the dimples that you can see over
here. And, then we give a roller boundary conditions that it can role while it is moving

along laterally like up and down in this case.

So, just open this module. We have also going to do a demo on this module that would be
after this session. And here you can see it is made of poly silicon right. And then we give
so here there are three physics earlier we use to work with only two physics, now it is
addition of the heat transfer physics also to take into account the temperature rise. And
because of the temperature rise the thermal expansion. So, this is the electric current
interface with which we give a particular voltage in the this particular boundary ok. And

then ground at this particular boundary.

And then in the heat transfer we give temperature boundary condition that is the room
temperature at these points and then we give heat flux. So, it will be also getting cooled
with a particular convection. So, convict cooling. So, that is defined as hts, s, htc
underscore s. This h t ¢ underscore s has been defined somewhere over here as 0.04 watt
per milli Kelvin over here right. So, this is heat transfer coefficient, so that is a upper
part. And the bottom part is also getting cooled up with the different heat transfer
coefficient that h t ¢ underscore u s, where h t ¢ underscore u s has been defined over

here so that is given by divided by 2 ok.

Let me just open it. So, it is 0.04. The upper part 0.04 divided by 2 microvolt
micrometres and the bottom part is 0.04 divided by 100 micrometres. So, the top part is
more as is getting cool quickly as compared to the bottom part. The last part is the solid
mechanics part of course, we going to give some kind of fixed constant. It is given
somewhere over here as you can see over here in the bottom. This is a three places where

fix constraints have been given. And, then the electromagnetic heating is taking into



consideration that is actually couples the electric currents with the heat transfer in solids

ok. And you can just go to study and get the results.
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Figure 5 Temperature (surface) and displacement (deformation) in the two-arms actuator
design.

The results actually looks like this. So, you will see that the deformation is actually going
to takes place like this. We have given a roller boundary condition that is why it cannot
move up and down, but it is allowed to move in y direction right. It is not allowed to
move in z direction, but allowed to move in y direction that is laterally it can move right.
This is the actual geometry that you can see in the black lines. And the deformed

geometry that you can see is at a the red structure that you can see ok.
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Fluid structure interactions

Fluid structure interaction Micropump

The next part is the fluid structure interaction. So, we talked about thermal, we talked
about structural, we also talk about electrical a lot, but what about coupling fluid

structure fluid dynamics along with the structural mechanics.
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Fluid-Structure Interaction

This example shows how to model fluid-structure interactions (FSI) using
the MEMS Module. Viscous forces and the system's pressure impose forces
to the surface of a structure. The deformation in the soft structure is not
small and the fluid regime will therefore change. This means that changes in
the structure and the fluid dynamics are coupled.

]
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So, there are couple of examples to do that. One of the example is a very simple a flow
of fluid through a channel from left to right. And there is an elastic material as you can
see over here. And it is going to bend. So, again when we talk about the bend, we also

need to take into account the change in the geometry; change in the geometry with the



little bit of change in the meshing. So, you can see that the meshing is also going to

change in this particular domain.

So, let me just go and open this particular module. So, let me just go over here and I go
to the MEMS T think it is available somewhere over here. Fluid structure interaction is
available over here. There are two examples; one is fluid structure interaction, another is
micro pump. In the fluid structure interaction, if you just open this documentation, you

will see the physics part.
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which you can observe as the negative values on the horizontal mesh velocity. Toward the

end of the simulation, when inflow and structure deformation approach their steady-state

values, the mesh velocity also decreases to zero.

Time=0.15 s Surface: 1 (1) Surface: 1 (1) Arrow Surface: Arrow Surface: Velocity field (spatial {

Vay 7 va e

15

158
AW GO 0o B

And this i1s the most important part that I want to signify is the change in the mesh. So,
you can see this particular pillar is having different mesh as compared to the original
mesh which was actually vertical. So, this is not anymore vertical, it is actually tilted
with a particular angle and that will only happen if you apply moving mesh or a deform

mesh.

So, just quickly go through the physics behind this. So, this is a laminar flow. This is a
particular structure. We have two materials one is the may be water I guess and the
second is the structure material over here, this is a pillar. And we give an inlet fluid from

the left side with a particular flow velocity and outlet on the right side.

So, the fluid you are going to move from the left to the right. And the forces are going to

get exerted by this pillar; so solid mechanics is used to module the definition of this



pillar. A fix constant has been given in the bottom part. So, it cannot move this particular
boundary cannot move. We other part are free to move. Why if the deformation is given
using moving mesh, this is the most important part that needs to be taken into

consideration that is the move the mesh going to change right.
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Micropump Mechanism

This example shows how to model fluid-structure interactions (FSI) using the MEMS
Module. Viscous forces and the system's pressureimpose forces to the surface of a
structure. The deformation in the soft structure is not small and the fluid regime will
therefore change. This means that changes in the structure and the fluid dynamics are
coupled.

Fluid flow and von Mises stress withina
passive microfluidic flow rectification system
A pumping mechanism is drawing fluid up into
the vertical shaft from the horizontal channel.

The channel contains two tilted flaps which
respond to the fluid flow by bending. In this
case, when fluid is drawn into the vertical
channel, asymmetric bending of the flaps
results ina much larger flow from the left hand
channel than from the right channel.

The next example is going to be the micro pump mechanism example in which case we
have an inlet on this left side and there is a pump on the top. And it is going to the main
importance of micro pump is that it allows the flow to in only a particular direction right.
So, over here there are two pillars that you can see which are actually bending. And
based upon that it is going to store the fluid and at the top and then it going to again
refill, so it is the fluid is going to refill on the top and then again it is going to move

toward the right side, but the backflow is kind of a restrained.

So, let me just open this particular module how it is modelled, a very similar approach to
what we saw before. So, this is again the documentation services you to go through the

documentation.
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horizontal channel edge. Note that this 21D model represents a cross-section through the
midpoint of the channel in the out-of-plane direction. An out-of-plane thickness of 10 pm

has been used for the purpose of calculating the volume of fluid pumped as a function of
time. However, as no edge effects due to walls that are out-of-plane are included, this is
equivalent to modeling a 10 pm deep section of a much thicker channel.
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This is the actual part. So, this is the actual input and we allow you want to flow you

have the flow in a particular direction right.
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Figure 2: Initial mesh prior to any structural deformation.

Asingle time dependent study is performed over a duration of 2 seconds, which
corresponds to two full oscillations of the inlet velocity. Some minor amendments to the
default solver sequence, described in the step-by-step instructions, are required to ensure
reliable results. In particular, the Time Stepping sets the maximum step to 0.01 s. This is
needed because the feedback between the flap deformation and the fluid flow can lead to
abrupt changes in the flow. The default time stepping setting allows the solver to vary the
time step it takes so that larger steps can be taken during dimes when the solution is not

rapidly varying. However, because of the potential for sudden changes to the fluid flow in

fluid structure interaction models it can be helpful to impose a maximum time step to

A @ 7 ) NG

Again the mesh is what is going to change at every instant. So, let me just open this
particular module. So, you can say this is a time dependent simulation. So, at each time
step, the mesh is going to be changed. Again a laminar flow to understand the flow of
fluid inlet is given over here, outlet is given on the both the sides. And then the structural

mechanics to actually at the fixed constant at the bottom part and the two pillars which



are having a particular angle is modelled using a particular values as you can see over
here. The rest of them is the fluid is defined by dense and visc which is defined in the

parameters.

So, you can see the dense and the visc that is velocity and the density have been defined
over here. This is to understand with what velocity is the fluid is moving and then finally
the mesh that you can see over here this is actually mesh and then the deform geometry
using a moving mesh ok. And then you do a time dependent simulation to understand if it

is moving with a particular a what is the if the flow rate that you can see from here.
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Demo: Thermal actuator

Schamatic Thermal behavior of the actuator

So, next is the demo on thermal actuator. So, I think that is how the time I have right now

right till 4 o’ clock.

So, I think I will stop.



