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A. ANSYS APDL Command Language

- Despite the streamlined user interface the Mechanical application is
command driven behind the scenes

* A series of sequential commands are submitted to the program as a
result of various menu picks, however commands can be input
directly

* In many cases very few commands are required to leverage
additional features not currently available in the Workbench
Mechanical interface

« Command Structure:
— Commands are comma ‘,” delimited
— Extra spaces are unimportant (e.g. “N,1” is no different than “N, 1”)

— Commands are not case sensitive (e.g. del = Del)
* Note: we will use caps here simply to differentiate the actual commands

— The “ANSYS Mechanical APDL Command Reference” contains
descriptions and syntax for all commands

— Command files can be created, edited and viewed in simple text editors
like Notepad

Customer Training Material
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« Command Structure:

— Let’s look at the “N” command. This command is used to create a node.
— From the commands manual we see the structure is:
* N, NODE, X, Y, Z, THXY, THYZ, THZX:
— N: the command name to create a node.
— NODE: enter a number which will identify the node being created.

— X, Y, Z: coordinate locations in the active coordinate system.
— THXY, THYZ, THZX: rotations about active coordinate axes.

* For example “N, 250, 10, 0, 15” would result in node number 250 being created

at x=10, y=0 and z=15 in the active coordinate system (also note that no entry
was required for rotations since none were desired).

* When Mechanical executes a “solve” command, a batch input file
containing commands is read. Example excerpt:

E‘- command examples.txt - Motepad
File Edit Format Yiew Help

b(cum,wwwwwwwwwwwwwwwwwww SOLVE FOR I_S 1 O R
esel,s,type,,11

hzle

=f,all, hflux, % loadvard 5o

nsel,all

esel,all

ocal « twna 17
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B. Using Command Objects
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- When a command object is inserted in the Mechanical tree, the
commands are executed in a specific order

Each command object indicates where it will be executed in its header

T T
----- /[_:1 Transient Thermal (A5) |
------- ( =@ Initial Temperature
------- L A Analysis Settings
------- . Heat Flux

! Commands inserted into this file will be executed just prior to the Ansys S50LVE commarnd.

! These commands may supersede command settbings set by Workbench.

"""" W ilCDnVEdmn ! Actiwe TUNIT system in Workbench when this object was created: Metric (mmwm, kg, N, =, W, nd)

P

------- » & Commands {ANSYS)

G A8 Solibinn ToForrnabion

In some cases local variables are available within a command object
Note a ‘I’ symbol beginning a line denotes a comment

Commatnds inserted into this file will be executed just after the contact region definition.

|

! The type number for the contact type is equal to the parameter "cid".

! The type mamber for the target type iz equal to the parameter "tid".

! The real and mat number for the asymmetric contact pair is ecqual to the parameter "cid".

! The real and mat number for the symmetric contact pair(if it exists) is equal to the parameter "tid".

! Aectiwe TUHNIT system in Workbench when this object was created: Metric (wm, kg, N, =, wW, nd)
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. .. Using Command Objects

- Command objects can be parameterized via their

Details of "Commands (NS5

detai Is Definition
- Up to 9 input arguments are available as local iramEBrhme nis
variables ARGZ
LRG3
* For example, “ARG1” is used to enter node number i
data into the “N” command below I
* The value in the details for ARG1 is substituted in il

the expression in the command object

! Commands inserted into this file will be executed just
! These commatds may supersede command settings set by W

! Aotiwe UNIT system in Workbench when this ocbhject was o

Details of "Commands (AMNSYS)"

File
Definition n argl,10,0,5
= Input Arguments

B

AN
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- Command objects may be used to retrieve information as well
- Data is extracted using the *GET command (see the “ANSYS
Parametric Design Language Guide” for full details)
— *GET retrieves information assigns a parameter name to the values
— Thus: *GET, parameter name, . . .
* An output search prefix allows users to retrieve this parametric data
to a command object (default is “my_” but is user controlled)

— For example “MY_temperature” could be included in a command object
and the result would be retrieved (see next slide)

— The search prefix is not case sensitive

Details of "Commands {ARSS"

File

=l Definition
Suppressed

I Qutput Search Prefiz | my_

Target AMSTS Mechanical
Input Arguments
F| Results
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* In this example a command object is included in ] Corwecion 2
the SOIUtiO" branCh =3 'fE.jE --!tnnfnrmatinn

------- A Temperature - End Time

* The *GET command is written to retrieve the ::g Jenprihie
temperature at node number 250 —:g bGes—

* That value is to be returned in a parameter called
“MY_temperature”

! Commands inserted into this file will be executed immediately after the Ansys (POST] commarnd.

! bLeotiwe UNIT system in Workbench when this object was created: Metric (mm, kg, N, =, wW, md)

*ET, MY temperature, node, 250, temp

Details of "Commands (ARNSYS"

* The result is returned to the details of the e
command object Suppressed __[Mio
Cutput Search Prefix | my_
Target AMNSYS Mechanical
Input Arguments
| Results
MY _kernmperature |32.D46
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* Workbench Mechanical:

— Named selections are groups of entities (e.g vertices, surfaces, etc.)
which are related to one another by a common name

— A named selection allows users to control all related entities as a group
rather than individually

— In addition to the common Workbench Mechanical uses above, a named
selection is “recognized” by the ANSYS APDL solver in special ways

« Mechanical APDL.:

— In ANSYS APDL groups like named selections are referred to as
“components”

— A named selection created in Workbench Mechanical will become a
component (of the same name) within ANSYS Mechanical APDL

— Named Selection to Component transfer:
* Vertex, Line or Surface NS = Nodal component
* Body NS = Element component

ANSYS, Inc. Proprietary Release 13.0

© 2010 ANSYS, Inc. All rights reserved. = December 2010



ANSYS Mechanical Heat Transfer I\N SYS

. . . Named Selection Control SR T e

« A named selection provides a “bridge” from
Workbench to APDL for identifying parts of a
model

- Example: we would like to use the “SF”
command to apply a heat flux using a command
branch

— First the surfaces where the heat flux will be
applied are grouped as a named selection

— The “name” is then used in the APDL command R o

----- ﬁ Geometry
----- /A Coordinate Systems
o Conneckions

EI ----- 1 Mamed Selections

. EeREERTS / /R Suafaces
! Commands inserted into this file Gl CHERGE pge
.5 ....... (i1 HF_Surfaces | Thesze commands may supersede o
o //[_—:i Stgady—ﬁtate Thermal {A5)
oy Initial Temperature ! Active Wmm:

------- imsdinalycic Seftinne
....... v B Commands (ANSYS) 5F, HF Surfaces, HFLUX, 0.1

=6l Solution (AG)
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D. Phase Change

- Phase Change - A change of energy to a system (either added or
taken away) causes a substance to change phase

— The Common phase change processes are called freezing, melting,
vaporization, or condensation

* Phase - A distinct molecular structure of a substance, homogeneous
throughout

— There are three principal phases:

Customer Training Material

\Solid Liquid Gas
Y
ANSYS Analyses
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. .. Phase Change

* Latent Heat:

— When a substance changes phase, the temperature remains constant or
nearly constant throughout the change.
— For example, solid ice at 0 °C is ready to melt:
* Heat is added to the ice and it becomes liquid water.
* When the ice has just become completely liquid, it is still 0 °C.
— Where did the heat energy go, if there was no temperature change?

« The heat energy is absorbed by changes in the molecular structure of the
substance.

« The energy required for the substance to change phase is called its latent
heat.

— A phase change analysis must account for the latent heat of the material.

— Latent heat is related using the enthalpy property which varies with
temperature. Therefore, a thermal phase change analysis is non-linear.

Customer Training Material

Enthalpy,H, is related to density ( o), specificheat (¢),

and temperature (7') accordingto:

H:jpch
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- During phase change, a small temperature range exists where both
the solid and liquid phases exist together.

— The temperature at which the substance is completely liquid (the
liquidus temperature) is T,

— The temperature at which the substance is completely solid (the solidus
temperature) is Tg

Ts = Solid Temperature

T, = Liquid Temperature
A Change of Phase is
H | Indicated by a Rapid

Variation in Enthalpy
with Respectto @/ q-=----- 4-
Temperature.

Note: In this diagram, T, -Ts is small. For
a pure material, T, -Tg would be zero.

AH, Latent Heat

ANSYS, Inc. Proprietary Release 13.0
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. .. Phase Change
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» Applications involving phase change which can be approached using
ANSYS Mechanical products are:

— The freezing (or solidification) of a liquid.
— The melting of a solid.
- A phase change analysis must be solved as a thermal transient
analysis.
- Phase change analysis recommendations:
— Transient analysis type.
— A small initial and minimum time step sizes.
— Use automatic time stepping.
— Generally the “Line Search” solution option is preferred.

— ANSYS enthalpy data (material property) must be specified in units of
energy/volume.
 NOTE: the enthalpy material property is not available in Workbench

Mechanical Engineering Data. This property must be added via a command
object.

ANSYS, Inc. Proprietary Release 13.0
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. .. Phase Change
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- Enthalpy Definitions/Calculations (reference):

— Equations 1 through 7 can be used to calculate enthalpy values to enter
as material properties

1. C,g=(Cs+C)2 : Average specific heat

2. C*=C,*+(L/(T_—Tg) : Specific heat for transition

3. H=p*C(T-T, : Enthalpy below solid temperature

4. Hg=p Cs (Tg—T,) : Enthalpy at solid temperature

5. Hi(r=Hg+pC (T -Ty) : Enthalpy between solid/liquid temperatures
6. H _=Hg+pC* (T -Ty) : Enthalpy at liquid temperature

7. H,=H_ +pC (T-T)) : Enthalpy above liquid temperature

— Cg: specific heat of solid
— C_: specific heat of liquid
— P: density

— Tg: solidus temperature
— T.: liquidus temperature
— L: latent heat

ANSYS, Inc. Proprietary Release 13.0
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. . . Phase Change
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- Example: solidification of an aluminum flywheel casting contained
in a sand mold

— A 2D axisymmetric model is used to represent the 3D one shown
below on left

Mol

Wheel

3D Wheel Model with 2D Axisymmetric Model with
Cutaway Sand Mold

ANSYS, Inc. Proprietary Release 13.0
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. .. Phase Change
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* Description:

The molten aluminum is introduced into the mold at 800° C
The ambient temperature and the mold are initially at 30° C

The top and side faces of the mold exchange heat with the
environment by free convection

Axisymmetric behavior is assumed for sand mold and aluminum
casting

Thermal material properties are assumed constant for the sand, but
vary with temperature for the aluminum

Specific heat and density will be replaced by enthalpy for the
aluminum

The end time for the analysis will be 25 minutes (1500 seconds)

ANSYS, Inc. Proprietary Release 13.0
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. . = Details of "Geometry"
- Set “Axisymmetric” as the 2D behavior e "
= = . Source E:YheattransferiWorkshopsh,. ..
- Material Properties: Tope esaniiodelr
. Length Unit Mekers
o Sand' Element Coptrol | Program Coptrolled
* Thermal conductivity : 0.346 W/m-°C e e hd
* Density : 1520 kg/m3 | Bounding Box -
.o Properties
® SpeCIfIC Heat . 816 J/kg-°C =/ Skatictire ll
— Aluminum:
* Thermal Conductivity as a function of I
Tempera ture Engineering Data Chark ) — &
290 T T ThermatConductivity
? 280
Temperature Thermal Conductivity 2 2
Deg. C WimQ) -
0 206 b
100 208 2
200 215/ B
300 225 5 20
400 249 5 mo
530 268 21
300, 290

[u] 100 200 200 400 500 G000 700 200
Termperature [C]

ANSYS, Inc. Proprietary Release 13.0

© 2010 ANSYS, Inc. All rights reserved. December 2010



ANSYS Mechanical Heat Transfer AN SYS

I P h as e C h a n g e Customer Training Material

* The enthalpy data for aluminum is not given however we can use the
properties below to calculate enthalpy:
— Choose Tg =695° C and T, = 697° C (giving a 2 degree transition zone
between liquid and solid phases)

Property Value
Melting Point 696 °C
Density 2707 kg/m®
C,, Solid Specific Heat 896 J/kg-°C
C,,Liquid Specific Heat 1050 J/kg-°C
L, Latent Heat 395440 J/kg
(or from L x Density) 1.0704€9 J/m?®
Temp (C) Enthalpy (J/m3) Value Equation Number (p 7-19)
0 0 Ho -
695 1.6857E9 Hg 4
697 2.7614E9 H, 6
1000 3.6226E9 H, 7
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. .. Phase Change
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* Using these enthalpy calculations a command object containing 2
commands is used to enter the values.

— By associating the commands to the “Wheel” part, the local parameter
“matid” can be used to specify the material number in the command.

Project
o

definitions in /P

! The material rnumber for this body is ecqual Lo the parameter "matid".

! Aeotiwve UNIT system in Workbench when this object was created: Metric (m, kg, N, =, WV, .

wptenp, 1, 0,635 &37_ 1000 I define temperature table
mpdata,enthimatid}l, 0,1 685723, 2 761l4ed 2. 662622 | define material property, enthalpy
I

— Since the enthalpy property is derived from both density and specific
heat, those properties are overwritten in engineering data.

ANSYS, Inc. Proprietary Release 13.0
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- Given the nature of the loading we

choose 2 load steps in the analysis T T S W BT,
- Step Controls
setti ngs _5t:n End Time 0.1 1500.
Auto Time Stepping l on 2n
initi 1 H Define B Tirne Time
— The.ll‘!li.tla| step (0.1 s) is used t_o e_stabllsh el gy T i
the initial temperature for the liquid Initied Fimg Ster L0 Le003
. Minimum Time Step : 1.e-003 1.e-004
alumlnum (8000 C) hf!aximum Timn? Skep : 0.1 5
Tlm_e Inteqration on on
o The second Step (1 500 s) represents the NT#ZE?E?:\FET;;::E | Program Contralled | Program Cu:untru:ullleu:l.
tra ns ie nt cool i n gISOI id ifi catio n of th e 'Lriirgl?iir:rté_ll:e Converqence Prnqraméinnntrnlled Prnuraméinnntrulled
i Output Controls
al uminum Call-ul:ulate Thermal Flux . Yes Yes
Calculate Results At &l Time Points All Time Poinks

— The “Initial Temperature” branch
accounts for the mold’s initial 30° C

------- v :rga Initial Temperature

Details of "Initial Temperature"

| Definition

Initial Temperature Unifarm Temperature

Initial Temperature VYalue | 30, =C

ANSYS, Inc. Proprietary Release 13.0
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* From the tabular data for the temperature load,
the load is deactivated for step 2 i lo. s
— Note the load must be deactivated not simply set to I];E;wﬂ?-/ =80 |

Time [s] [[v Temperature [#C]

Skeps

ze ro Paste Cell
. Export
* Convection loads are applied as shown below S
>| A

Release 13.0
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* When the solution is complete a plot of temperature vs time show
temperatures leveling off near the material’s transition region (695-
697° C) as solidification occurs

1500.
00,06 3

#7699
753,92
73054

6960 C FOFFT -

G547 —

B&1.63
B35.56
615,48 —

292,41 —

969,34
18 1500,
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- Temperature plots at discreet time points illustrate the progress of
solidification (red = liquid; green = transition; blue = solid)

I 695

Issg.us T — 900 S R T = 1100 S

ANSYS, Inc. Proprietary Release 13.0

© 2010 ANSYS, Inc. All rights reserved. December 2010



NANSYS

Customer Training Material

Workshop (Appendix)

Phase Change

- -ANSYS Mechanical
Heat Transfer

ANSYS, Inc. Proprietary
© 2010 ANSYS, Inc. All rights reserved.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


