Example: Deformation of highly viscous
liquid

Elmer Basic Course
Authors: T. Zwinger and M. Lyly
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Problem Outline

> Geometry
e Square with 100 x 20 m
* Free surface

> Dynamics:

e Constant load =10m around
middle

e p_ =1MNm?

e Gravity in -y 0 S50 100
> Material (similar to temperate ice): o

. L=10%kgm's Units in meters

e p=900kg m?

10 | | | +10

A,

> Integration time:
e 4 years in steps of 1 months (48

steps)
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Meshing with GMSH

1. Elementary entities
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Meshing with GMSH

1. Elementary entities A Gmsh x|

2. Add File Tools Help
:|Genmetry j

Add
Delete

Translate

Rotate

Split

Scale

Symmetry

Extrude

Coherence

CsC



http://www.csc.fi/suomi/info/index.phtml.fi

Meshing with GMSH

1. Elementary entities
2. Add
3. New

“ Gmsh
File Tools Help

%]

4
N |GE~|::-mE~trg.»r

i

New

Translate

Rotate

Scale

symmetry
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Meshing with GMSH

N Gmsh [_E_]
. Elementary entities File Tools Help
. Add :|G::_-c:-rn=:ﬂ_-trg.rr j

New Parameter

. Point —
Straight line

AwNhR

Spline

B-Spline

Circle arc

Ellipse arc

Plane surface

Ruled surface

Volume
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Meshing with GMSH

1. Elementary entities Contextual Geometry Definitions
2. Add Parameter  Point Translation Rotation Scale symmetry
3. New X coordinate
4. Point Y coordinate

Z coordinate

1. (0,0,0) length 5
2. (100,0,0) length 5

Characteristic length

ol ol o] O

1 |:J.l |G.l Snapping grid spacing

Add ~
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Meshing with GMSH

1. Elementary entities
Contextual Geometry Definitions
2. Add .
Parameter Point Translation Rotation Scale symmetry
3. New
. 100 X dinat
4. Point = Ymmd,mate
coordinate
1. (0,0,0) length 5
0 Z coordinate
2. (100,0,0) length 5 - Characterictic lemath
3. (100,20,0) length 1 AraciErEte iEng
0.1 |G.l |G.l Snapping grid spacing

4. (0,20,0) length 1

Addf’"
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Meshing with GMSH

N test geo

Al

Elementary entities T

Add
New

Point

1. (0,0,0) length 5

2. (100,0,0) length 5
3. (100,20,0) length 1
4. (0,20,0) length 1
5. Line

1. Click on
consecutive points

2. “qQ” when ready

NwNhR

By A g Geometry>Elementary>Add>New Line(1) = {1, 2};



http://www.csc.fi/suomi/info/index.phtml.fi

Meshing with GMSH

1. Elementary entities "—
2. Add | ﬁ
3. New | |
4. Point | -
1. (0,0,0) length 5
2. (100,0,0) length 5

3. (100,20,0) length 1
4. (0,20,0) length 1  §
5. Line

1. Click on
consecutive points

2. “qQ” when ready

6. Plane Surface
1. Click on line

Do DORRZ AT (S Geometry>Elementary>Add>New
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Meshing with GMSH

Elementary entities
Add
New

Point
1. (0,0,0) length 5
2. (100,0,0) length 5
3. (100,20,0) length 1
4. (0,20,0) length 1
Line
1. Click on
consecutive points
2. “qQ” when ready

Plane Surface
1. Click on line

[l

Geometry>Elementary>Add=>New

Straight li
Spline
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Meshing with GMSH

Elementary entities
Add
New

Point
1. (0,0,0) length 5
2. (100,0,0) length 5
3. (100,20,0) length 1
4. (0,20,0) length 1
Line
1. Click on
consecutive points
2. “q” when ready

Plane Surface
1. Click on line
Mesh

1. Press “2D”
2. Press Save

“ Gmsh
File Tools Help

; |Mesh

Define

Inspect

Delete

1D

2D

3D

First order

Second order

Refine

Optimize

Optimize (Netgen)

Partition

Save

CsC
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Meshing with GMSH

Elementary entities
Add
New

Point

1. (0,0,0) length 5

2. (100,0,0) length 5

3. (100,20,0) length 1

4. (0,20,0) length 1
Line

1. Click on

consecutive points

2. “q” when ready
Plane Surface

1. Click on line
Mesh

1. Press “2D”

2. Press Save

m
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Transferring the Mesh

Obtaining a pre-view for EImerPost

0 100 200 300 400 500

ElnrerGid 14 3 deform nsh -autoclean -order 1.0 0.1 0.01

Obtaining a mesh directory for EImerSolver

ElnrerGid 14 2 deform nsh -autoclean -order 1.0 0.1 0.01
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Boundary Conditions

Ext ernal Pressure = Vari able Coordinate 1

> Initial Condition Real
Mesh Update 1/2 = 0 0.0 0
Vel ocity 1/2 =0 ig 999 2000000
Freesur = 20- 0 60.0 - 1000000
> Sidewalls: 60.001 O
Vel ocity 1/2 = 0 100 0
end
Mesh Update 1 = 0.0
> Bottom wall:
Velocity 1/2 = 0
Mesh Update 1/2 = 0.0 % Huluu @
> Body Force: L
Fl ow BodyForce 1 = 0 q -10 i i i +10
Fl ow BodyForce 2 = -9.81 N A
> Free surface: T
Body ID = 2 ‘
0

Mesh Update 1 = 0 50 100

Mesh Update 2 = Variabl e FreeSurface
Real MATC “tx — 20.0"
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Postprocessing

Velocities in m a*

El mer - Post : math v = Velocity abs * 60 * 60 * 24 * 365. 25

Visualizing the deformation

mat h ori gnodes = nodes

Edit »Timestep Control ...

Do after frane:
mat h nodes = ori gnodes + Mesh. Update(0: 2,ti ne($t))

+
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Postprocessing

Velocities in m a*?

El mer - Post : math v = Velocity abs * 60 * 60 * 24 * 365. 25

Visualizing the deformation

mat h ori gnodes = nodes

Edit »Timestep Control ...

Do after frane:
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Postprocessing

Velocities in m a*?

El nmer - Post :

math v = Velocity abs * 60 * 60 * 24 * 365. 25

Visualizing the deformation

mat h ori gnodes = nodes

Edit »Timestep Control ...

Do after framne;

mat h nodes = ori gnodes + Mesh. Update(0: 2,ti ne($t))

Y

T

CsC



http://www.csc.fi/suomi/info/index.phtml.fi

Postprocessing

Velocities in m a*?

El mer - Post : math v = Velocity abs * 60 * 60 * 24 * 365. 25

Visualizing the deformation

mat h ori gnodes = nodes

Edit »Timestep Control ...

Do after frane:
mat h nodes = ori gnodes + Mesh. Update(0: 2,ti ne($t))

v] 0.2 04 L& ] 1

CsC



http://www.csc.fi/suomi/info/index.phtml.fi

Postprocessing

Velocities in m a*?

El nmer - Post :

math v = Velocity abs * 60 * 60 * 24 * 365. 25

Visualizing the deformation

mat h ori gnodes = nodes

Edit »Timestep Control ...

Do after framne;

mat h nodes = ori gnodes + Mesh. Update(0: 2,ti ne($t))

CsC



http://www.csc.fi/suomi/info/index.phtml.fi

Exercises i
» Write MATC function: Hul H

$ function externalload(X) {\
if (X(0) > 40) {\
if (X(0) < 60)\
_externall oad = -1. 0EQ06; \
el se _externalload = 0.0;\
}else _externalload = 0.0;\

}

-10 +10

i

R R R R

0 30 100

External Pressure = Vari abl e Coordi nate 1
Real MATC “externall oad(tx)”

> Increase load with time:
$ function externalload(X) {\
if (X(0) > 40) {\
if (X(0) < 60){\
if (X(1) < (3.0 * 31446926)) {\
_external | oad =\
-1.0E06 * X(1)/(3.0 * 31446926);\
}el se _externalload = -1.0EO06;\
}el se _externalload = 0.0;\
}el se _externalload = 0.0;\ 0 36 48
} t [months]
Ext ernal Pressure = Variable Coordinate 1, Tine
Real MATC “external |l oad(tx)”

—

p[MPam]j

CsC
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