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1. Caution

CFED RC™ is an international trade mark protected by law, copying any of CEDRC software

is strongly prohibited.

2. Introduction

The largest group of the pressure sensors represents sensousofootive, industrial
machinery and process controls. There are also pressure sensspgdéal applications, such
as medical equipment: respiration, dialysis, infusion pumps, data stochgomatography

equipment, robotics and off-road applications.

Many of them are designeteasresistive

actuators and their sensing elements consist of several pietoresburied in the face of a
thin, chemically etched silicon diaphragm. Applied pressure causedidparagm to deflect,
which causes strain and stress in the buried resistors. Thegtamse values change in
proportion to this stress and produce an electrical output signal.

Silicon-based pressure sensors, manufactured using MEMS (mictoeeteechanical
systems) technologies are much smaller and cheaper in a neaiscpon than their classical
counterparts. Their work are based on the principles which are vemjasito the micro-

machined accelerometers

The pressure-sensing element of su
sensors consists of an elastic silicon membra
suspended on a rim, which deflects due -
difference of pressure above and below it. Th
membrane is also one of the electrodes of
capacitor. Thus its deformation caused by tt
pressure difference changes the distan
between the capacitor electrodes, which in tu
changes the capacitance. The membrane defle
until the force caused by the pressure is ful
compensated by the elastic force of tr
deformed membrane.
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parameters of such a sensor (i.e. membrane deflection resulting from stateprsssure
excitation) is essential for proper extraction of the sensitivity chatiatiteand optimal
designing strategy. However, we must be aware that specifically, for a déaites subject to
mechanical resonance, modeling of not only static but also dynamic behavior is absolutely

necessary.

3. The Aim

The aim of this tutorial is to simulate the steady-state response of a sedptiiodel of
the pressure sensor, which consists of the silicon membrane suspended on anchors forming a
tight fence around the sensor. Due to the dual symmetry of the given problem the sensing
membrane was split with two perpendicular surfaces into four identical parts androntyf
them was taken into consideration. In this connection appropriate symmetry boundary

conditions was applied to the split surfaces.

4. Creating the geometry

First, we are going to generate a grid system to study the deformation of thegensi
mass and its interaction with the surrounding fluid. The goal is to determine stgfiomse of
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the mechanical structure. The geometry is 3D-non-axisimetric and is givenwitaigflow
and structural boundary conditions.
To create the geometry of the accelerometer, run CFD—GEOM.
In CFD-GEOM vyou are going to draw a simple 3D structure, add meshsat boundary

condition names and types. 9 e N
7 open... CHHO
4.1 Creating new file R mport e
We create a new document and save it Flee ChrheD

the disk. In the tutorial it is assumed that tt | clasesl
design filename isPressure_sensor.GGD g save Chrl+5

The created file contains all geometric da  §7save as...
and discretization mesh. Moreover, it i &sae s oiF
possible to import geometry from man
external modelers and CAD tools. Create Fig. 1. The file men

new file by clicking onNew option in File

menu - see Fig.1.

To save or open the design we usefdile menu and th&ave/Save asr Openoption.

Tip: Hierarchy. All complex drawings in CFDGEOM environment are built usi
graphic primitives, which are organized in the hierarchical systEhe lowest leve
of this hierarchy represents points. They are than used to crehgniines, whic
are parts of the surfaceshiweh build the volumes etc. so the first step is to cr
points.

4.2 Creating points

To do point creating use thBoint Creation tools Geometry I Tupulwl — |

Point -= Create

Gewnlugyl Grid I i ¥ alle
SR AL A< — B
\ 1= ¥ Walue
O Sl o
o Z Value
—1 |o
Fig. 2. Point Creation tab and point tool kil | Bren
I:i F e Enply
under theGeometrytab on the right side of the work = <! Guit
area (Fig.2).
On pressing theéoint Creationbutton choose the Fig.3. The Point — Create
Point tool. It offers several modes of point drawing tool

Paint creation: |T ~ wz Select the mode with thre@oint Creationbuttons at the bottom
of the screen. One of the modes requires Cartesian coordinates to

be input. The Preview button shows future location of the point, which is woadl with
the Apply button (Fig.3). Pres€ TRL+Gto stretch the drawing to the full screen. Now you
can create points having the following coordinates:

(0, 0, 0); (O, O, 5e-5); (5e-5, 0, 0); (5e-5, 0, 5e-5);

(0, 1e-4, 0); (0, 1e-4, 1e-4); (1e-4, 1e-4, 0); (1le-4, 1le-4, 1le-4).
Results of these operations should look as depicted in Fig. 4.



Fig. 4. The view of the model — borders’ points created

Tip: Mouse In the ACE software you can use mouse to change a point Bfdbjec
observation. When youlick and hold left mouse button, you enable a rotation m
Now mouse movements make the observation point move at the sphere arsat
look at the object from various directions. Similar usage of rightise button enabl
shift mode and of middle one zoom mode. The described functions do not ch

the geometry in any wa

4.3 Creating lines
Now choose thé.ine Creationtab (Fig. 5.), to draw all necessary lines and connect all

points with thePolylinetool. Click the points to be connected with left mouse button and
confirm selection by clicking middle mouse button or #gply button (Fig. 6). To connect
exactly two points we can use thane tool. We should obtain results similar to these

shown in Fig. 7.

Line -= Create

Geometry I Topnlngvl =tid I
g

T Erewview Gl
= Zancel it
AL 9]

O
= Fig.6. The Line- Create panel. Apply

button is equivalent to middle mouse
button clicking

P

Fig.5. Line Creation (the Polyline function is pointed)



Fig. 7. The view of the model — part of the border created

4.4 Creating edges
Now, you need to create points of discretization (so called edges) along thedcreat
lines. Click theGrid tab and select th€reate Structured Edg®ol (see Fig. 8). Th&dge
Control Panel is displayed (see fig. 9) and the status line prompts you to pick a set of lines.
After selecting the appropriate lines with left mouse button, enter the numbedgignts
you want and than press tAgplybutton to generate the structured edge entity.

Geumetryl Topology  Grid I

Edge - Create
Murnber of Points

—

— Distribution

Ge::nmetr';.fl Topaology — tGrid (= Power Law

{~ Hyperbolic Tan.

" Geometric

@ |ale ||| o]

— Paower Law
Fower

|1

& Forward

" Backward

™ Symmetric

Apply
Update

Cancel

Fig. 8. Create Structured Edge button Fig. 9. The view of Edge Creation panel

Distribution section of theAge Control Panelallows for setting the way points are
distributed along a meshed line. Leave defalPsvier=1 andForward option enabled)

Create 6 points of discretization on each edge along Y-axis andrispaliong the edge in
XY plane. The expected results are presented in Fig. 10.



Fig.10. The view of the model — edges along lines created

Remember, that the number of discretization points on opposite edgesvafl anust b
identical. It is required to create the structural mesh.

You should note that all of the meshed lines will be later usedjémerating the structured
grid. There are two types of discretization gridACE The structural grid is based on 3-D
objects with quadrangular sidewalls. The non-structural grid congbtgells with
triangular sidewalls. It is recommended to simulate fluid dynanpbenomena using
structural grids. Because of that conclusion, all further steps@fperformed simulation
procedure are typical for problems with structural grids.

4.5 Building structured grid faces

With all of the edge specification done, we can now create stred grid faces. Each
of these faces will be four-sided. Sele@rid = Structured Face Option= Create
Structured FacéFig. 11).

e Face,- = Create
ﬂﬁ?‘-ﬁa: —

{* Edge Sets

" Extrusion

~ Revolution

— Paint Counk
aet 1
Sek £
&t T

Fig. 11. The view of the Create Structured Face panel

& |2 | & ©

The status prompts you to pick four sets of edges to create ttee Tdhe edge set is a
collection of one or more edges, which will form one side of a fade members of each
set are picked with left mouse button and then accepted using middle buttoe fQur sets
are accepted, the structured grid face is created. Remembhep thau must pick exactly
four sets of the edges to create the structured face, but eachrseonsist of one or more
edges. Every two edge sets (building appropriate structured faaegglopposite each
other must have the same number of grid points!
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In our case, each set has only one member, so the procedure sisnfglipecking one edge
with left mouse, accepting it with middle button, then picking second edgeepting it,
and so on until all four edges forming the closed face are selected.

Create three structured grid faces using existed edges.nedteesult should be as depicted
in Fig. 12.

Fig. 12. The view of the model — structured grid faces created

Tip: Filtering and deleting objects.j : | N | [:CJE” 1EEIBIEG) Fajss UD| | fn B
The view of the edited structures can be appropriately filterechéde edition proce
easier. To filter the view we use a toolbar that is placettrighder the edition area. Y
can use it to show or hide chosen kinds of elements. The filteredealsmare nc
physically removed from the model, but they are just invisible. To hidé&ructure select
in edition window with left mouse button and use thdit = Deletemenu or theDelete
key on the keyboard. Because of hierarchical structure of obje&€H it is impossibl
to remove any entity if it is a part of any higher-level structure.

Using described the above method, filter off the edge grid. In FigydiB can see our
model without the grid but with surface holders (crosses inside each face).

Fig. 13. The view of the model — face grid filtered off



4.6 Copying and translating grid faces

Now copy two planes and shift them in directio
perpendicular to their surfaces.
Use the Translate Entitytool, which can be started by
clicking the Translatebutton under th&seometrytab. Next,
in the edition window pick the structures to be copied/mov
(when translating faces pick their holders) with left mou
button. Confirm your selection with middle mouse button.
the Translation Modewindow (Fig.14) under th&eometry
tab you can choose operation mode, shift distal
(Translation Distancg number of repetitions Repeat
#timeg and copy optionQuplicate. Applyaccepts changes.

Copy and translate along X-axis the grid face, which
perpendicular to X-axis (handler marked with arrow
Fig.15), with translation distance 5e-4 [m].
Copy and translate along Z-axis the grid face that
perpendicular to Z-axis (handler marked with arrow
Fig.15), with translation distance 5e-4 [m].

Then usingLine tool, connect points of the copied faces wi

== wlole @Bl 2|00/ -

|Em |2

Translate - Entities

— Translation Mode
oy
Oy
(Ol
. Existing Line
O Paint-Paint

Vectar: X% 2

| 0.000 0,000 1.000

Translation Distance

-40 -

Repeat [ # times )

[1

Opkions

[+ Duplicate
[ Pattern

Rewerse

Preview Apply

Cancel Qi

corresponding points of the rest of the structure like in F Fig 14, The Translate
Entities pane

15.

Fig.15. The view of the model — additional faces copied and connected

4.7 Creating edges along new lines

Now create edges on the lines drawn in the previous step. Eattewrf nust have 15
points of discretization (see Fig. 16). To do that @seate Structured Edgeol under the
Grids tab (Fig. 8). These edges will be used later during the procefisec$urface grids

creation.



Fig. 16. The view of the model — meshed lines

4.8 The structured grid faces generation using the newly created grid edge
Using the same method as described in point 4.5 create additioddlages based on the
grid edges added in the previous step.

Tip: Note, that if any of four edges of a meshed face consists of ntoae on
discretization edge (grid edge), #iflese edges have to be selected with left mouse
(forming so called set) and confirmed with middle mouse button.

The results of the operation are depicted in Fig. 17. The newlytentesurface grids are
marked with crosses.

Fig.17. The view of the model — additional grid faces created

4.9 Creating Structure 3D blocks

Once we have created the surface grids, which enclose 3-Dusgyeve use them to
build a Structured 3D Blockwhich is required to proceed with the creation of the sensor
grid system. Each structured 3-D block consists of 6 groups of sgréaue each surface is
made of one or more surface grids.
In order to create a 3-D block, we choose theeate Structured 3D Bloctool from the
Structured Block Optiongroup under thé&rid tab (see Fig. 19 and 20). Ti@&reation Via:
Face Setwariant must be selected in tBéock — Createwindow.



........................................................................................ Geometrvl Topology — ftid

Geomekry I Topology  Grid Block - Create

— Creation Yia:
% Face Sets
" Extrusion

" Revolution

— Interpolate in:
& all directions
" I Direction

[@|ale|s|e]

@lale|s|=]

HHEEEISE

] Direction
K Direction

Breswiew Anply

Fig. 19. The Create Structured 3D Block Tool Canz| G

Fig. 20. The Block— Create panel

Next, we have to select the set of surface grids that faneswall of a block. Select the set
with left mouse button and confirm it with middle button. Perform thensaperation for
the set of grids that forms the opposite wall of the block. Repbst sequence of
operations for two remaining pairs of walls. The following order must be kept:

Xmin € Xmax Ymin <> Ymax Zmin <> Zmax

For clarification: Xyin is the wall the X coordinates of which have the smallest val¥gsx

is the wall opposite to the %, Ymin is the wall the Y coordinates of which have the
smallest values. ¥axis the wall opposite to the Y, and so on.

Using the above procedure, form two structured 3-D blocks from previociggted
surfaces (see Fig. 21). Notice three-dimensional crosses insalfeldock, which are used
to mark them.

Fig. 21. The view of the model — 3D Structured blocks created

We finally created the rim on which the membrane will be settled.
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4.10. Building the gas area below the membrane
Using the tool for copying and translation we create additiondlsw@ee Fig. 22 —
handlers of the grid surfaces used as models were marked watwvsjrrin either case, the
translation vector length is equal to 5¢m]. The view of the 3-D blocks in Fig. 22 is
disabled to expose important information.

Fig.22. The view of the model — forming gas area

Now, you must create the upper and the bottom surfaces, which clogagl@ane under the
membrane (us€reate Structured Grid Facwol for this task). As you have all required
surfaces, convert them to a 3-D structured block (see Fig. 23).

Fig. 23. The view of the model — gas area block created
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4.12 Creating the membrane and air layer over it
In order to create the membrane block we use previously creatéatesrand use the
Extrudecommand. Under th&rid tab we choose th€reate 3D Structured Blodiool. The
Block Createpanel displays (see Fig. 24) where in tB@eeation Viasection we choose
Extrusion

Geometr\;l Topaology  fGid I

Geu:umetr':.-'l Topalogy  Grid I

—— Block - = Create
. |  Creation Wia:
o~ Block, - = Create iy
S o — | © Face Sets
Creation Yia: H
E e  — % Extrusion
H @ Fa _ ﬁ " Revolution
g Hrusion E — Extrude Options:
| | Revalution @ o
E Preyiew fpply (ORY
@ Zancel ik Cz
" Existing Edge
Vector: X% 2
Next, select all the surface grids that form the top [ 0.000 1.000 0.000
surface of the model (see Fig. 26). Confirm the Distanice
selection with middle mouse button. In the [1e-005
displayed mentExtrude Optionsspecify (just like e o Ui
in Fig. 25): E
Direction of OperationY _;ref:’ X
Distance 1e° - |:°| -
Number of Node SR
Create 1 Block Previen Apply
and then clickApplybutton. Cancel Quit

Fig. 25. The Extrude Options
window

Fig. 26. Before forming membrane — the handlers of the grid surfaces used to extruding
marked with arrows
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In a similar manner create a layer of the air above the seiibs time, select surface grids
of the upper surface of the membrane built in the previous step and specify:

Direction of OperationY
Distance 5E-5

Number of Nodest
Create 1 Block

Then clickApplybutton. Results of these operations are depicted in Fig. 27.

2
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Fig. 27. The view of the model — the entire geometry

4.13 Saving our project
Now you should save the model as h&F database.

Tip: DTF library. The DTF files transfer data between separate applicatiohshe
CFDRC-ACEenvironment. In order to save geometry of the discretization grichesilc
choose the&save as DTFEEommand from thd-ile menu of theCFD-GEOM application. |
should note that thBTF file contains only the grid configuration. There are mptives
like points, line, curves etc. Due to these limitations this isossy file format. Th
additional geometric information cannot be retrieved from the saveabdsaé. In order
save full information we can use the GEOM’s nat®&D file format.

Save your work in DTF library under chose»
name.

| File Edit Yiew Models Tools W

= (= Open.
5. Setting up the simulation — gc.segim:m.\
CFRDRC-GUIis the part ofACE environment, Close Al

which allows for setting boundary conditior y5ave

defining material properties, applying loac Sy5ave ds... _
(stimul) and controlling the solver anc 0 L
computations.

Fig.28. The File-Open menu
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5.1 Opening the project.

We find theCFD-GUI application in its installation directory (\bin\cfd-gui.exe). We a
going to start adjusting the simulation properties by opening previaasigdDTF library
file. From theFile MenupressOpen selectDTF file you want to open and press tAecept
button (see Fig. 28).

CFEDRC There is a series of tabs at the right side of
the application window, (see Fig. 29).
PT IMD | wvc ] Bc | 1c| sc | out | Run | While setting the simulation parameters you
must follow the direction from left to right
) ) because changes made in one tab may affect
Fig. 29. CFD-GUI - Right Panel all tabs placed on the right of that one. For
instance when you addHeat Transfer
module in thePT tab additional settings appears in M€, BC andOuttab etc. That means we
must start with settingroblem Typeab.

Tip: Rules of mouse operation {DFD-GUI are identical as iIGEOM

5.2 Problem Type (PT) tab
Here user can specify what kind of physics phenomena he or she teatdke into
consideration in the modeling process. After opening the model fitk ¢he PT tab and
select theStressGrid Deformation (DeformandFlow modules (Fig.30).
PT | mo | ve | ec|1c| sc ] out | Run |
5.3 The Module Options (MO) tab .
Next, select theMO (Module Options) T~
tab. Under this tab you can see sever:
additional “sub-tabs”, which you are going
to edit.

¥ Flow
[ Heat Transfer (Heat)
[ Turbulence ¢ Turk)

[ chemistry

[ User Scalar (Scalar)
Shared ™ Radiation (Rad)
In the Simulation Descriptionfield enter I~ spray
name of our simulation and in thEransient [~ Free Surfaces (¥OF)
Conditionsfield we chooseSteadyas a type I™ Two-Fluid (Fluidz)
of our simulation. All remaining fields of I Cavitation (Cav)

this tab we should left blank (see Fig. 31). el DEeI e (3Eei)

"
/: Stress
pr Mo | ve | Bc | 1c] sc | out | Run | /:: Plasma

[ Electric {Electr)
Shared [ Maanetic {Magnet)

F|DWR_ Simulation Descripkion I Elactroplating (Eplate)
Defarm \ : ™ Bin-Chemiskry (BiChem)
_— Title INDne -

Skress ™ Kinetic

™ Semi Device

— Transient Conditions

Tine Dependence  steady | Fig. 30. The Problem Type tab
— Body Forces ‘
[ Gravity Flow:
~ Rotation Reference This sub-tab should remain unchanged.
Referencepressure have to be equal to 100

™ Ratation

000 N/nf (see Fig. 32).

Fiao.31. The Shared si-tah
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Fig. 34. The Stress sub-tab

Fig. 33. The Deform sub-tab

Deform:

You have to make sure if thAuto Remesloption is selected. This is information for the
solver to automatically redefine the discretization grid for heatep of a numerical
procedure (Fig. 33).

Stress:

The Deformationfield has to be set tharge (non-linear) as the predicted deformation of
our structure is comparable with its dimensions. Hiement Ordeffield should be set to
First (less accurate but faster). Tk@ontact Analysisand theElement Conversiofields
have to be left blank. In th€oupling Twdfield we selecfTwo-way couplingThis tells the
solver to update the grid location every iteration in the solution psoaes to provide so-
calledtwo-way interactiorbetween fluid and mechanical phenomena. Muglal Analysis
field should remain blank (Fig. 34).

5.4 The Volume Conditions tab
Now switch to theVC (Volume Conditions tab. Here you can specify material
properties of various elements and areas of the sensor model. Chosseligments with a
click of left mouse button in the model view window or by selectingithitom theModel
Explorerlist (placed on the bottom of the program window — see Fig. 35).
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Yolume Mame

| W Type Material

Elanked | . Properties

Zone Key |

Salid
Salid

Silican
Silican
Silican
Silican

Mofam

MHaotlanme
MHoklame
Mallame

Pro_1
Pro_1
Pro_1
Pro_1
Pro_1

Salid

Molame Salid Silicon

1 113
114
115
116
117

[= T, R P N

[ Malame Fluid e Air

124

L ai ] (] s [ W]

@ G

Fig. 35. The Model Explorer

Select the air volumes over and below the membrane and group themthsi@youp
button in theModel Explorer(see Fig. 35). The volumes being selected get marked red in
the model view window (see Fig. 36 — selected areas marked with arrows).

Fig. 36. The view of the model — handlers of the gas volumes selected marked with arrows

In the VC Setting Moddield of

the VC tab (see Fig. 37) selec
Properties at the top of the
field and Fluid in the pole

named Properties In the

Sharedsub-tab choose:

Name: Air,

Density: Ideal Gas Low
Molecular wt.: 29 [d,
Viscosity:Constant (Kinematic)
Nu 1.589€ /s

Next, select the membrane are
and the supporting rim. Grouf
them with the Group button.
Under theVC tab, enter values
for fields in the Shared and
Stresstabs exactly as depicte(
in Fig. 38 and 39 respectively.

pT | mo_we |Bc | 1c] sc| out | Run |

C Setting Mode

= Properties |
Properties  — Fluid |

Shared

 Shared

— Material

e Sl amE IP.ir

— Density
= Ideal Gas Law |
—--nuv* Malecular W, |29 q
— Wiscosiky

=i ConstantiKinematic) |

f— T 1 559E-005

m™zfs

Fig. 37. The VC properties for the air volumes
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Fig. 39 The Stress sub-tab

In the VC Setting Modehange selection frorRropertiesto Stresg(see Fig. 40). Now tick
the Stressoption and in theSolid Typefield chooseElastic (see Fig. 41). That means, that
in volumes of the membrane and the rim, calculations of the mechagigations will be
performed causing the grid to deforming and strain tensor as setitler mechanical
related variables will be computed.

5.5 The Boundary Conditions tab
Now switch to theBC (Boundary Conditionstab. TheSimulation Exploremwill switch
to the BC mode and you can see a list of all of the boundary conditidreiproject. Under
the BC tab we define boundary conditions for particular walls of tlegleh All Internal
walls — these between the model volumes, are ofitierfacetype and all external walls

17



are of theWall type by default. You have to modify some of these settings so poferly
define conditions of the simulation:

Fig. 40. Changing the VC Setting Mode from Properties to Stress

5.5.1Select all surfaces along symmetry planes and group themtketGroup button (see
Fig. 43). In theBC Type fieldset their type tiSymmetrysee Fig. 44), forcing the solver

to take into consideration a missing % of the model. Confirm the chawgésthe
Applybutton at the bottom of the right panel.

O\
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)
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SEOORRITN
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“. N
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N
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,&‘
<

{ >
SES
S

[
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!lﬂ"l‘ﬂg..
77 17

]

Fig. 43. The view of the model — symmetry planes
selected

Fig. 44. The BC tab — changing BC type
from Wall to Symmetry
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5.5.2. The bottom surface of the air block under the membrane (see Figshti)ld be
defined as theOutlet type. This is the contact surface between the sensor and its
surroundings. Moreover, the fluid flow through this surface is possibleth Yéspect to
these conditions we have to define additional subtype for this surfa¢ke Flow sub-
tab select thd=ixed Pressureoption in theSubTypeposition. Other parameters in the
Flow field have to be set exactly as depicted in Fig. 46=(0Pa,T = 300K)

Pr | Mo | ve BCIICISCIOuthunI

— BC Setting Mode
—= — @eneral |
4{."—--' \\
/4.7 i 4 ~ BC Type
: ""'//‘ — Cutlet |
e i
W17 TR e AT o
it e s U =
7 . '///AA“"I.'. Defarm | Flow \
SubType = Fixed Pressure
I Pressure
—I Canstant
p |0 Mim~2
— Temperature
Fig. 45. The view of the model — the contact ~Constent |
surface between the membrane T [so0 X
and the surroundings selected

Fig. 46. The Boundary Conditions for
the gas interface

5.5.3 Group bottom and side surfaces of the rim, on which the membrane persisd
(Fig. 47). In theStresssub-tab choose thEixed Displacemensubtype and set zero
displacements (see Fig. 48). This is an essential condition, withduthwthe
simulations are not convergent.

pr| Mo | ve B |1c] sc| ouw | Run |

— BC Setting Mode

— General |

— BC Type

—all |

Flow - /

Deform Stry /
Stress . "
SubType — Fixed Displacement

¥ Fixed %-Displacement
|+ Fixed ¥-Displacement
|+ Fixed Z-Displacement

— ¥-Displacement

—I Constant

Fig. 47. The view of the model — the bottom and etz [ -

side planes of the border selected

— ‘f-Displacement

—I Constant
Delka ¥ IEI m

— Z-Displacement

5.5.4 A type of the bottom and the top surface —
of the membrane should be defined a L O
Implicit Pressure Such choice letsACE
consider interactions between the fluid and
mechanical structure of the sensor. These Fig. 48. The BC settings for selected
are the surfaces, for which the relations border’s planes
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between the fluid pressure and the mechanical deformation will beputEd (see Fig.
49 and 50).

er | mo | we Bc |1 sc | out | run |

— BC Setting Mode

! zengral |

— BC Type

— Interface |

Flow

_~

e —— /
V SubType = Implicit Pressure

Defarm

Stress

Fig. 49. The view of the model — the top and botton'd- 0. The BC settings for the top and

surfaces of the membrane selected

bottom surfaces of the membrane

All parameters of the boundary conditions and all options not mentioned in abave

should be left at their defaults.

5.6 The Initial Conditions (IC) tab

Under thelC (Initial Conditiong tab we can set the initial conditions for theansient

simulations and the static conditions

for tlatic simulations. You should select the

Volume by Volumeption in thelC Global Settingfield. With this setting, you are able to
define separate initial conditions for every volume of the model (see Fig. 51).

Now choose the air volume over the
membrane (see Fig. 52) and in the
Pressurefield of the Flow sub-tab set
P=2,000,000 N/m2 (see Fig. 53). This
setting simulates a 2E6 Nfnpressure

et | mo | ve | ec 1 | sc | out | Run | /

—1 Yolume by Yolume |

” IC Global Setting

difference between the air above and Fig. 51.The IC Volume by Volume setting

below the membrane. The lower
pressure is that below the membrane.

allows for independent conditions defining

Fig. 52. The view of the model — The air over the

/.‘I _’ ’ '-‘.‘-‘ v :Lnnstant Iil
/7 7 .‘.V g mfs
7 7o am | I
Pl ‘,’." ,‘m""//“ i Z-Direction Velocit
W Soas = e avd y
CAAT A e
A T 4L 7 7]
Y ==/
/’I~7 E/ " Pressure
',~ ~ Constant
Plzooooon mmez

Fig. 53. The IC settings

membrane selected (marked with arrow)

All remaining options should keep their default settings.
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5.7 The Solution Control (SC) tab
In the SC(Solution Contragl tab we can set parameters affecting the speed and
convergence of calculations during the model simulations. There are several sub-tabs
which have to be filled as follows:

Iter:
You can control number of iterations and the
primary criterion of convergence here. Pleas
set it as depicted in Fig. 54.

Fig. 54. The lter tab=

Spatiat
Parameters of the flow solver can be definel
here and should be set as in Fig. 55.

Fig. 55. The Spatial tab=

Solvers
You can determine types of numerical
algorithms and their parameters here. Th
proper settings are in the Fig. 56.

Fig. 56. The Solvers tab>

-1E+020 1E+020

ieos  fievozm

Fig. 57. The relax tab Fig.58. The Limits tab
Relax Limits:
You can set parameters related to speed Minimum and maximum values of specific
and numerical convergence here; the variables can be declared here and should
proper settings are in Fig. 57. be filled as depicted in Fig. 58.

Adv. Some additional parameters of the simulation can be set hereseitihgs of this
sub-tab unchanged.
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5.8 The Output (Out) tab PT | mo | we|ec]c]sc ou |Run|
Under theOut (Outpu) tab we can choose

which variables will be computed and save | =% =

to the output file. We are also able t | . LF/E; "
determine if the data is saved during or aft | wenter | & st Temperature
the computations. This tab also has seve I™ Total Temperature
sub-tabs. o

v \elocity Yeckor
¥ Static Pressure

Output - to control output file operations.

Print - to control diagnostic data recording. ¥ Total Pressurs

MOﬂItOI’ = tO defll’le pOIntS, Wthh are IV Laminar Viscosity

controlled during the simulation. ™ Mach humber
™ Varticity

In all above-mentioned sub-tabs you shou B

left the default settings. ~ crress
¥ Displacement
Graphic - to choose the variables that wil I Cart. Stress Tensor
be saved to the output file. Set options lik ¥ Cart, Strain Tensor
in Flg 59 ¥ Principal Stress

¥ Principal Strain

™ Reaction Forces

5.9 The Run tab
Under theRuntab we start and control the _ _
simulation with a set of buttons (see Fi Fig. 59. The Graphic subtab
60).

Submit to Solver runs the simulation process.
View Output- enables us to observe diagnostic messages.
View Residual show a window with info about the convergence progress. (Fig. 61).

f7 | Mo | e | e | 1] 5c | out Ruk Bl Coor |
~ Run and Manitor \ & 9 ¢5| Bl -E W ¢

User Shared Library IIibUserF\ce.DLL P E

[ subnit to Solver | ?‘_l @ Loant
4] Optinization RUR with SimManagerl LI % e \'\
1 View Residual .. | MI E e \\\
/ Wiz Output . | e H“‘\.\_
/ @, Plak Monikat Poirt ... | L0017 | | \_\\.\_
55 i 73 | L2 i 21 3 41
ER | mFag Mo
Fig. 60. The Run tab Fig. 61. The Residual Plotter

Press the&submit to Solvebutton. If the design file is not saved additional window appears
and asks you what to do with the design file. Cho&dmit Job Under Current Name
option

The results of the static simulation are saved toDA¢ library, where boundary conditions
and solver parameters are also stored.
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6. Visualizing the simulation results
The CFD-VIEWapplication is designated to visualize the simulation results.
Start theCFD-VIEWapplication (/bin/view.exe) and than oo g aranae Miscelaneas
load theDTF library (Pressure_sensor.dtf) with theport 4 yode .
DTF or PLOT3Dcommand from théile menu (see Fig. ! g, madeifie... ctro =1

62). In the explorer window we select our file and confirm @@ e e or pLoTa0. .
it with the Apply button. Since ouDTF database can ﬁéeloadDM
it

&- Save Made|
Multiple Simulations Available I

% Save Model &s...
This DTF file has 3 simulations Save Everything

o ‘wehich one do vwou want ko read in?
. Close

I i Close all

= Snap Shat Lassa..,
Cancel | Ok I = Snap Shat Windaw. ..
Quit Ct-g

Fig. 63. The window for multiple simulations choice _
Fig. 62. The Import DTF

contain results of many simulations, a new window menu
appears (see Fig. 63) to ask us to choose the required
simulation. Select simulation number 3.

Tip: Mouse operation rules i@FD-VIEWare identical as il€CFD-GEOMand CFD-GUI.
Left mouse button enables rotate mode, middle buttomom mode and right mouse but
enables shift mode.

The CFD-VIEWwindow is divided into the three areas: the model view area, thedbrm
area (at the bottom of the screen) and the toolbar with 3 tabs (Fig. 64).

<* CFD-YIEW :- F:\My documents'Lab_REASON 2003 Pressure Sensor',Source’Lab_press_sensor_d.mdl (:\My documents'Lab_REASON 2003'\Pressure Sensor... [Bij=] [E3

||® Fle Edt Arange Miscel Colormaps  Gizmos  Functions  View  Windows  Settings Help — & X

loEEss LeE88 Br ale Lus GEcaBs & CrD3C
The model view / ®|=|A

i

TFlane

S
wu;l

7
*

] =

%

f

<

B

5]

The toolbar
— N
b & I
EUEL

s
w‘-l

I

Valls

e e S P SRR R S RN ) Object
Angles i [ 70.e368 | LI T Tt T TI Field of view: [54.547
] i [ 20,7911 I 0110 Zoom Factor: 1

GEOM

= . 2
o L

| value: Secondary var: Veckor variable: Primary var: Surface Type: P

I B S§ 0 W =l o = [or H Do mEZL it

|Ready. A

Fig. 64. The view of CFD-VIEW main window
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You can use the toolbar for several tasks: defining cross-secsetts)g probes for taking
data in point or across a polyline and inserting graphic objectsakes, legends, labels,
etc.). The toolbar is situated vertically on the right side of the screen (seé4)jig

In order to visualize the strained membrane we have to perform the following steps:

¢ Select theGeomobject from theObjectswindow (see Fig. 65) — it represents geometry of
the entire model.

e In the format area (see Fig. 66) select in femary

Var: field the variable to be presenteghb{sp and in the g

Surface Typdield the method of its drawingQ@rid on, Hone ﬁ
Surface or). We draw the Ydist variable { asix ]
displacement) with the grid (th€urn Grid button) and

the surface (th@urn Surfacebutton) displayed. .

Ge

ar: Veckor variah Primary war: ace Tyvpe:

-

Fig. 66. Choosing variable to be visualized and its forr  Fig. 65. The Objects window

The view of the model is depicted in Fig. 67.

Fig. 67. The view of the model — Y-axis displacement colored

e As we can see, the air areas over and below the membrane tovéw. These areas can
become hidden. Select object nameeb@in the Objectswindow. Under theZzone Display
tab in the format area select tAeneswindow (see Fig. 68). In this window find both areas
of the air (under and over the membrane) in the list and deselect thiter this operation
our model looks as in Fig. 69.

mm|«1-»| . I__ T | ] 2, et | D )2

Current Zone

Al OFFl

Fig. 68. The Zone Display tab of the format area — here you can make appropriate
regions of the model invisible

Si5truck i 2119 K19
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Fig. 69. The view of the model — air regions disabled

In order to retrieve lost outlines of the model create another bljethe Geomtype by
clicking the appropriate icon in the vertical toolbar (see Fig. 7@wNbject is displayed at
the end of the list in th©bjectswindow. The model itself is depicted in Fig. 71.

i

Iso-surf

Ohijects
Mone
Geam
Geam

il

Llallz

II-S1EF

Fig. 70. Creating new _ _ :
Geom object Fig. 71. The view of the model — outlines created

e Place a legend in the drawing, using thegendtool from the toolbar .
under theAnnotationgab (signed with A letter — see Fig. 72). Click on tr | =
Legend button. The window displays and you can define additic
properties of the legend (font size, markers, digit format, etc.). L‘fﬁ"

Axzes

ydizp

TG0k G0 /K

Origin

)

legend

Ling

Fig. 72.
The
Annotatior

—2.00E-005—

—2.30E-005
Fig. 73. The view of the model — legend added

Accept the defaults witlClosebutton. An exemplary legend is depicted in Fig. 73. Place
the legend in the optimal position in the model view area (use mouse for this purpose).
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Change the colormap for the drawing. To do so, first: in @igectswindow select the
object, which the new colormap is supposed to be applied togdmmobject in our case —
see Fig. 74), and second: use the tools undeCiblermaptab in the format area (see Fig.
74). Change the color scheme from defaiibt3D to Plot and click on thenvert button.
An exemplary view of the model with the changed colormap is shown in Fig. 75.

La: |-2.29856E I 1} i: |2.03569E- Reset | IE

el | ARl e So eSS N -
1 ] 1] Flot =
Fy Fy Fy = Fy ﬂ:“" Fy Yy Fy Y ____jEi___J

Fig. 74. The Colormap tab of the format area — remember to select the
object in the Objects list before modifying colormap properties

yaigp

W

—1.00E-0O

-2 30E- 005

Fig. 75. The view of the model — colormap modified

Tip: In order to delete an object from the model view area you musbvenit from the
object list in theObjectswindow. Select object to be deleted and prégs+X.

Important: After colormap changing the range of the variable being represemitt
colors may reset. You can specify low and high limit in the approrigelds “Lo: “ and
“Hi: “ (see Fig. 76) or try to force the program to recalculaterii®y clickingtwice on the
Keepmaxoption (Fig. 76).

Tt ] o |0 B 2 ol | B | |

S

1 ] 0 ] |P|Dt ﬂ Invert v Keep max
: - ry FY - Y = FY ry - Max |

Lot |—2.2985E‘E\L I 0 /Hi:|2.03569E— Reset | 107 Contours
Yalue: \ Secondary var: /\u‘%or watiable: Primaty war: Sutface Type:
Al J g Jort =l =l vdisp x| M#EOME I3

Fig. 76. The Keep max option can be used to recalculating variable range
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e To draw a profile of the membrane, use th@e Probetool from the Probestab of the
toolbar (see Fig. 77). When you select the tool, ltiree Probe Paneis displayed (Fig. 78).

Line Probe Panel

— Position | Yariables | Options
=] Al et o]
— Positioning mode
. C Iline ™ Jline © kline © #line © ¥line ¢ Zline  PolyLline © Any Ling
Streamling ) ‘\
— Domain number X
Frobe i Position /
. @ Point:l 1_% &l
: N =
- l!inenrune
/'v: | 0,0001 2 | | o
@ £ I 0.0005 K:I N
Cell Find

Close |

Fig. 77.The Line Probe tool
Fig. 78. The Line Probe Panel — The Position tab

Under thePositiontab choose the location of the line, along which deformations of the
membrane will be examined. Since the membrane is already dedommeecannot choose a
straight line. The line must be drawn along the deformation of the membrane.

To satisfy this condition select thdline option under theéPositiontab in theLine Probe
Panel Next, choose the area of the membrane withDoenain Numbeslider and select
the line location with theéPositionsliders. The line should be placed along the symmetry
plain, where the deformations are maximal (see Fig. 79).

Fig. 79. The view of the model — the probe line should be placed along
the membrane near the symmetry plane

Now, switch to theVariablestab to select variables to be plotted on the axes of the
coordinate system. Choose tieaxisto be a spatial variablX and theY-axisto be a
displacement in the Y directionydisp(see Fig. 80). Th&how Plotbutton shows the plot

of the membrane displacement (see Fig. 81).
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Line Probe Panel

Position Yariables IthionsI

 Independant (x-A — Dependents (Y-F\xis&. ok

Index - ; -

Chord Length - o
Wislarn
T

N gi

7 xdisp

RHO !

u 21.:||sp

v Sigrnaxx
-

W !QmaYY

p Sigmazz

P tot ;fgmax"’

Vislam fgmaxz

T T =

—io
ﬂ W Plat,,.

LA

Load Pairts. ..

|

# Points:

]

9

Close |

Fig. 80. The Line Probe Panel — The Variables tab

il Plot Panel E =]
File. Edit Ticks Display Fants
Sensing Membrane - YDisplacement
o
Y-displacernent
o £
I A
0 0.0001 0,0002 0.0003 0.0004 0.0005
F-Dimension

Fig. 81. The Plot of Y-displacement of the membrane

And the tutorial ends here.
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