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Boundary Profiles: DEFINE_PROFILE Customer Traiing Metera

 You can use this UDF to

Arguments

. User f th
SpeCIfy specified sor]_(:,mer teo
hame this UDF
= Wall #include "udf.h"
A
- temperature DEFINE_PROFILE (w _profile, thread, position)
= heat flux, shear {
stress face t f;
real b val;
= Inlets
. Velocity l{aegin_f_loop(f, threa
= temperature b val = ../* your ndary jvalue*/
= turbulence F_PROFILE (f, thread, position) = b val;
: }
" Species end f loop(f, thread)
= scalars }
* The macro begin_f_loop thread : The thread of the boundary
loops over all faces on the to which the profile is
selected boundary thread attached
« The .F_PROFlLE Mmacro position : A solver internal variable
applies the value to face, f (identifies the stack
on the thread location of the profile in

the data stack)
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Example 1: Transient Inlet Velocity

e Pulsatile flow in a tube
V,=V,+Asin(ot)

where V, =20 m/s, A=5m/s, ® =10 rad/s
* Boundary condition is applied at inlet

#include "udf.h"
DEFINE PROFILE (unsteady v, thread, pos)
{
real time, velocity;
face t £;
begin f loop(f, thread)
{
time = RP_Get Real ("flow-time");
velocity = 20.0 +5.0*sin(10.*time) ;
F PROFILE (f, thread, pos)=velocity;

}
end f loop(f, thread)
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Example 1: Results of Transient Inlet Velocity Customer Training Material

- Time history of the average velocity at the pipe exit shows sinusoidal
oscillation with a mean of 20 m/s and amplitude of 5 m/s
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Example 2: Sinusoidal Wall Temperature Customer Training Materi

« Lower wall temperature varies
sinusoidally with x-position according
to

T, =300 + 100 sin([Ix/L) Adiabatic Wall

* The boundary condition can be
implemented in DEFINE_PROFILE in
which a call to F_CENTROID to T~Inlet
retrieve the x-coordinates of the cell
faces on the heated wall

Exit ——

Heated Wall

|| Temperature F PROFILE(f, t, pos) = 300.+4+100.*sin(PI*xc[0]/0.005);
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Example 2: Sinusoidal Wall Temperature Custoer Traning Materl

« Wall (and fluid) temperature reaches peak at midlength of
channel
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S O u rce Te rm S ( 1 ) Customer Training Material

« Source terms can be added to the governing equations,
iIncluding

continuity
momentum

K, €

energy

species
user-defined scalars

« Energy source term UDFs may also be defined for solid zones

 DEFINE SOURCE (name,c,t,dS,eqn) isthe macro for
supplying equation source terms

 NOTE: The units of all source terms are expressed in terms of
the volumetric generation rate. For example, a source term
for the continuity equation would have units of ((kg/s)/m3)
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S o u rce Te rm s (2) Customer Training Material

DEFINE SOURCE (name,c,t,dS,eqgn) provides the

mechanism for adding source terms to the governing equations.
(Note: source terms are added to each cell in the continuum
zone, hence no loop over cells are needed)

A source term can be linearized as follows:

_ _ (g _ (9% 05\
Sé_MB‘ﬁ‘k(S (3) )+ (3) ¢

o L. >

A B

(%

where superscript
iteration.

B ( dS[egn] ) and S* (which is returned by the macro) are supplied
by the user. The solver will use the linearization automatically if it
enhances numerical stability; otherwise S*is used

It is hooked up to the cell zone(s) in the boundary-condition panel

stands for the value based on the previous

ANSYS, Inc. Proprietary
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Source Terms (3) Custorer Traiing Meteria

« Solver call this UDF for each include "udf.h"
cell in the zone DEFINE SOURCE (cell y sourcel,

«  The solver passes the UDF { cell, thread, dS, eqn)
the cell pointer associated
with the cell real source;

«  The variable dS[eqn] sets up /* 8 = source + dS[eqn]*phi */
the implicit part of the source dS[eqn] = /* expression */
term for the equation the source = /* expression */
source term is used for

return source;
* Note that the UDF returns a }

real value for the explicit part
of the source, the implicit
part dS[eqn] is returned in a
referenced array
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S o u rce Te rm s (4) Customer Training Material

* To activate source terms go to Define/Boundary
Conditions, select fluid-1 and click on Source Terms

—| Fluid

Zone Hame

I Fluid-2

-

Material Name| glass | J

I Source Terms

X Momentum {n/m3) I ] ﬂ
¥ Momentum {n/m3} I ¢l j

- Porous Zone

) E— T

Rotation -Axis Origin

X{m}IO
V{m)lo

=~ [E— |

oK Cancel | Help |
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Example 3: Position Dependent Porous Media Customer Traiing Mateial

« Channel flow with porous plug

« x-momentum loss is linear in y-position, starting from zero at lower
wall

* Fluid flows preferentially near the bottom of the channel

Porous Plug
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« DEFINE_INIT initializes solutions
for the entire domain (similar to
“patching” of values)

« Executed once at the beginning of
solution process

e |nitialization Function hook

appears under
Define/User Defined/

Function hooks..

Initialization Function

Adjust Function [hone t-

Read Case Function |hone t

Write Case Function |hone t

Read Data Function |none t

Write Data Function|none :
0K | Cancell Heuml

ANSYS, Inc. Proprietary
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#include "udf.h"
DEFINE INIT(my init function,domain)
{

cell t c;

Thread *thread;

real xc[ND ND];

thread loop c¢ (thread,domain)

begin c _loop (c,thread)
{
C_CENTROID (xc,c, thread) ;
if (sqrt(ND_SUM(pow(xc[0]-0.5,2.),
pow(xc[1l] - 0.5,2.),
pow(xc[2] - 0.5,2.))) < 0.25)
C_T(c,thread) = 400.;
else
C_T(c,thread) = 300.;
}
end c_loop (c,thread)

(0.5, 0.5, 0.5)
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Adj u St F u n Cti O n Customer Training Material

* Function called for every

iteration

* Integrate the turbulent DEFINE ADJUST (my adjust, domain)
dissipation over the whole }* It fe dissioati y

. . ntegrate dissipation.

domain a_nd print it to the real sum diss=0.;
text user interface Thread *t;

«  Adjust Function appears under iﬁil‘z ‘1:" (£, domain)
Define/User_Defined/ ( eac_toop_c (t,domai

Function_hooks... begin ¢ loop (c,t)

sum diss += C _D(c,t)* C_VOLUME (c,t);

end ¢ loop (c,t)
Initialization Function |none v } - = ’
Adjust Function st Message (“Volume integral of turbulent
my_adjus \ dissi : - 2 ) . .
] pation : %g\n”,sum diss);
Read Case Function|none v }

Write Case Function [hone

Read Data Function |none

Write Data Function |none

OK | Cancell Help |

ANSYS, Inc. Proprietary Release 13.0
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Execute_at_End Function

e This 1s a general purpose macro
executed at the end of
= an iteration in a steady state run, or
= at the end of a time step in a transient
run
* UDF for integrating turbulent
dissipation and printing it to console
window at the end of the current
iteration or time step
* This Function appears under
Define/User Defined/
Function hooks..

ANSYS, Inc. Proprietary
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#include "udf.h"
DEFINE EXECUTE AT END (execute_at end)
{ Domain *d; Thread *t;
real sum diss=0.;
cell t c;
d = Get Domain(1l) ;
thread loop c (t,d)
{ if (FLUID THREAD P(t))
{ begin c _loop (c,t)
sum diss+=C D(c,t)*C_VOLUME (c, t) ;
end c loop (c,t)
}
}

printf ("Volume integral of turbulent
dissipation: %g\n", sum diss);
fflush (stdout) ; -

} User-Defined Function Hooks

Initialization Functlunlnune

[x

Ledled

Adjust Functiunlnune

Execute At End Function .

Read Case Function (one

Read Data Function [one

Write Case Funﬂiunlnnne
VWrite Data Funﬂiunlnnne

Lo fleflefl«]

0K | Canct:ll Ht:lpl
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User Defined I/O

* Ability to read/write custom data in
case/data files

= (Can save and restore custom

User—Defined Function Hooks

variables of any data types (e.g.,
integer, real, Boolean, structure)

= Useful to save “dynamic”
information (e.g., number of
occurrences in conditional
sampling)

= Defined using DEFINE RW FILE—
macro

= Selected in the User-Defined
Function Hooks panel

Initialization Function
Adjust Function
Wall Heat Flux Function

Slip Velocity Function

none

none

none

none

Read Case Function

Write Case Function

Read Data Function

Write Data Function

none

none

none

none

|4 |« |« || |« [« |«

(0] 4 Cancel

Help |
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U S e r D efi n e d I I 0 2 Customer Training Material

#include "udf.h"

int count = 0; /* define and initialize static wvariable
count */

DEFINE ADJUST (it count, domain)

{
count++;
printf ("count = %d\n",count) ;

}

DEFINE RW FILE (writer, £fp)

{
printf ("Writing UDF data to data file...\n");
fprintf (fp, "%d",count); /* write out count to data
file */

}

DEFINE RW FILE (reader, £fp)

{
printf ("Reading UDF data from data file...\n");
fscanf (fp, "%d",&count); /* read count from data file

*/

ANSYS, Inc. Proprietary Release 13.0
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User-defined Properties

 UDF’s can be used to define
= Viscosity
= Thermal Conductivity
= Mass Diffusivity
= Density
 UDF’s cannot be used to
define specific heat

e The function 1s called for
every cell in the zone

55107 T > 288K
1=:143.2-0.49725T 286K <T<288K
1 T <286K

ANSYS, Inc. Proprietary
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#include "udf.h"
DEFINE PROPERTY (user vis, cell, thread)

{

real temp, mu_ lam;

temp = C_T(cell, thread);

{

if (temp > 288.)

5.5e-3;

else if (temp >= 286.&& temp<=288.)
143.2135 - 0.49725 * temp;

mu lam =

mu_lam =
else
mu lam = 1.0;
}

return mu_lam;

Release 13.0
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U S e r'd efi n e d P ro pe rti es (2) Customer Training Material

 To activate the UDF, select

user-defined from the property —
. Hame Material Type Order Materals By
drop down list s |21 = o
*  When you select the user- Chemical Farmula |ngm Mater la
defined Option, a panel will | = e vis

Properties

appear with the names of your :
UDF’S y Density (ky/m3) @

I 1,225
« Select the name of the 0 6RR | constomt

appropriate UDF [rooean
Thermal Conductivity {vm-k) IE ok | Cmell Heln |

I o242
Viscosity (kgm—s) | user—defined | j Edit...|
¥
Change/Create I Delete Close Help
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Example: Temperature Dependent Viscosity Customer Tralning atrl

*  Warm fluid enters the channel flowing from left to right.

* Viscosity increases as the fluid is cooled by contact with the
cold upper wall.

1.00e-H00

#include "udf.h" aoie-01
DEFINE PROPERTY (user vis, cell, thread) o101
{real temp, mu lam; oo
temp = C_T(cell, thread);
{/* Limit viscosity for high temperature */ mﬁﬂﬂ—m
if (temp > 288.) g
mu lam = 5.5e-3; B 40501
/* Otherwise, use a profile for viscosity */ 3.04e-01
else if (temp >= 286. && temp <= 288.) 2.04e-01
mu lam = 143.2135-0.49725*temp; 1.05e-01
else 5.50e—0F

mu lam = 1.0; ﬁhﬁhﬁﬁhhﬂnmmmuuﬁhnm==ﬂﬂﬂ
}

return mu_lam;

}

Contours of molecular viscosity (kg/ms)
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Time Step: DEFINE_DELTAT

* In Fluent, you may use adaptive
timesteping based on minimum and
maximum values of timesteps as
well as other parameters

- Adaptive timestepping is activated
by selecting the corresponding
radio-button in the Solve-lterate
panel for unsteady problems

- DEFINE_DELTAT lets a user
control the timestep based on any
custom logic/algorithm

ANSYS, Inc. Proprietary

© 2010 ANSYS, Inc. All rights reserved.

lterate %]
Time Adaptive Time Stepping
Time Step Size (S) [0 . 0001 ’El'runcation Error Tolerance (S) (g .01
Number of Time Steps |1 i’ Ending Time (s) 1 pp@
Time Stepping Method Minimum Time Step Size (s) [1 e-05
- Fized Maximum Time Step Size (s) |19
A g )
Options ~ 7\ Minimum Step Change Factor g 5
™ Data Sampling for Time Statistics | Maximum Step Change Factor |5
Iteration Number of Fixed Time Steps |1 ﬂ
Max Iterations per Time Step |30 :I \ User-Defined Time Step mydeltat B
.
Reporting Interval |1 :I
UDF Profile Update Interval |1 :I

Iteratel Applyl Closel Helpl

#include "udf.h"

DEFINE DELTAT (mydeltat, domain)
{

real time step;

real flow time =
RP Get Real("flow time") ;

if (flow time < 0.5)
time step = 0.1;

else
time step = 0.2;
return time_ step;

Release 13.0
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DEFINE_TURBULENT_VISCOSITY

* Any custom relation for the

turbulent viscosity DEFINE TURBULENT VISCOSITY (my mut,cell,thread)
formulation can be adopted ¢
using this UDF hook real mu t;

real rho = C_R(cell, thread);
real k=C K(cell, thread);

real epsilon=C D(cell, thread);

¢ model are: mut= M_keCmu*rEb*SQR(k)/epsilon;
return mut;

- C, : M _keC1 }
L} C2 : M_kecz s - Model Constants /’lt o C p_

 The variable names for the
constants in the standard k-

—

© Inviscid cmu =

- C, : M_keCmu 3o o-o9 &
u —  Spalart-allmaras (1 eqn) :
. & k-epsilon (2 eqn) G1-Epsilon
- o, : M _keigk C omags oo o
k —  Reynolds Stress (5 eqn) C2-Epsilon
. G . M keige k-epsilon Model |1 .92
S « Standard TKE Prandt! Number
T RNG I.I
[ 9) - M keprt © Realizable E
& - _— ) .
Near-wall Treatment User-Defined Functions
& Standard Wall Functions Turbulent Viscosity
 Non-Equilibrium Wall Functions Imy,mut j
 Enhanced Wall Treatment

Options
" Viscous Heating

oK | iCancel| Help |
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Ad d iti o n a I M a C ros Customer Training Material

* There are a number of additional model specific macros
= You can learn more about these from the UDF manual

DEFINE CHEM STEP( name, ifail, n, dt, p, temp, yk)
DEFINE NET REACTION RATE( name, p, temp, yi, rr, jac)
DEFINE NOX RATE ( name, c, t, NOx)
DEFINE PRANDTL D ( name, c, t)
DEFINE PR RATE ( name, c, t, r, mw, ci, p, sf,

dif index, cat index, rr)
DEFINE SR RATE ( name, £, t, r, my, yi, rr)
DEFINE VR RATE ( name, c, t, r, mw, yi, rr, rr t)
DEFINE TURB PREMIX SOURCE ( name, c, t, turb flame speed,

source)

« Multiphase specific macros will be discussed later

ANSYS, Inc. Proprietary Release 13.0

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




<<
  /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


