SYS Realize Your Product Promise™

Lecture 11
User-Defined Functions

Fluid Dynamics Structural Mechanics Electromagnetics Systems and Multiphysics

Introduction to ANSYS
FLUENT



NWSSE Introduction

Lecture Theme:

User-defined functions (UDFs) enable the customization of many aspects
of a CFD model, including boundary and cell zone conditions, material
properties, data output, and solution execution. Data exchange between
the UDF and the solver takes place via pre-defined macros.

Learning Aims:

You will learn:
What UDFs can do
How to write and compile a basic UDF
How to hook UDFs to the FLUENT interface

Learning Objectives:

Almost all FLUENT users will end up having to write short UDFs from time
to time. You will see how this can be done easily, even with only a
rudimentary understanding of the C programming language.

> Intro> Data Structure & Macros> Examples> User-Defined Memory & Scalars> Summary>
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UDF Overview

* What is a User Defined Function?

— A UDF is a function (programmed by the user) written in C which can be
dynamically linked with the FLUENT solver.

» Standard C functions
— Trigonometric, exponential, control blocks, do-loops, file i/o, etc.
* Pre-Defined Macros

— Allows access to field variable, material property, and cell geometry
data and many utilities

— All data exchanged between the UDF and the solver must be in Sl units

* Why program UDFs?
— Standard interface cannot be programmed to anticipate all needs:

* Customization of boundary conditions, source terms, reaction rates,
material properties, etc.

* Customization of physical models

e User-supplied model equations

» Adjust functions (once per iteration)
e Execute on Demand functions

e Solution Initialization

> Intro> Data Structure & I\/Iacros> Examples> User-Defined Memory & Scalars> Summary>
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Interpreted vs. Compiled UDFs

* UDFs can either be run compiled or interpreted.

— The supported compiler for FLUENT on Windows platforms is Microsoft
Visual Studio

— Most Linux systems provide a C compiler as a standard feature.

* Interpreted code vs. compiled code
— Interpreted
e C++ Interpreter bundled with FLUENT
* Interpreter executes code on a “line by line” basis instantaneously.
* Advantage — Does not require a third-party compiler.
* Disadvantage — Interpreter is slow, and cannot do some functions.

— Compiled
* UDF code is translated once into machine language (object modules).
e Efficient way to run UDFs.
* Creates shared libraries which are linked with the rest of the solver.

» Does require a compilation step between creating/editing your UDF and
using it.

> Intro> Data Structure & Macros> Examples> User-Defined Memory & Scalars> Summary>
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Fluent UDF Data Structure

* The cell zones and face zones of a model (in the finite-volume scheme) are accessed
in UDFs as Thread data types

* Thread is a FLUENT-defined data type

Domain « —
/, e Domain
Face %/'"\‘ AV " £
Node I W l l
T Cell Face

Thread Thread

Lo

Cells Faces

Boundary thread e.g. wall=”"

Cell thread e.qg. fluid

-
i ~

* |n order to access data in a thread (zone),
we need to provide the correct thread pointer, and use FLUENT provided looping
macros to access each member (cell or face) in that thread.

> Intro> Data Structure & Macros> Examples> User-Defined Memory & Scalars> Summary>
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UDF Step by Step

* The basic steps for using UDFs in FLUENT are as follows :

1. Identify the problem to be solved

Check the usability & limitations of the standard models of FLUENT
Program the UDF (must be written in C)

Compile the UDF in the FLUENT session

Assign the UDF to the appropriate variable and zone in BC panel

Run the calculation

-

Examine the results

> Intro> Data Structure & Macros> Examples> User-Defined Memory & Scalars> Summary>
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Example — Parabolic Inlet Velocity Profile

* Example — Parabolic Inlet Velocity Profile

/

%um

> Intro> Data Structure & Macros> Examples> User-Defined Memory & Scalars> Summary>
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Step 1 - Identify the Problem to Solve

* We would like to impose a parabolic inlet velocity to the 2D
elbow shown.

* The x velocity is to be specified as :

2
=3[ ()

/

u(y)

\ 4

y=0
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Step 2 — Prepare the Source Code

function x velocity to be defined.

The code is stored as a text file
inlet_bc.c

The DEFINE PROFILE macro allows the

Header file “udf.h” must be included at the top
of the program by the #include command

o

/

All UDFs begin with a DEFINE macro

The name that will appear in the GUI
willbe x_velocity

The macrobegin £ loop loops
over all faces £, pointed by thread

\

The F CENTROID macro assigns
g \

cell position vector to pos [ ]
pos[0] is the x-coordinate

pos[1] is the y-coordinate
pos[2] is the z-coordinate

The F PROFILE macro applies the /
velocity component to face £, using

the desired arithmetic function

#include "udf.h" ]
DEFINE PROFILE (x velocity, thread,nv)

{
flo os[3]; /* an array for the
coordinates */
float y;
face t £; /* £ is a face

thread index */

—> begin f loop(f, thread)

{
> F_CENTROID (pos, £, thread) ;
y = pos[1];
F _PROFILE (f, thread, nv)

/7

}
end f loop(f, thread)

= 20.*(1.-
y*y/ (.0745%.0745)) ;

}

> Intro> Data Structure & I\/Iacros> Examples> User-Defined Memory & Scalars> Summary>
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Step 3 — Compile the UDF in the FLUENT Session

* Compiled UDF

Define P User-Defined

Functions

& Compiled UDFs

Compiled

Source Files @ E] Header Files @ E]
inlet_bec.c
[ add. .. [ Delete ] [ add. .. ] [ Delete ]

Library Mame | libudf

Build

i

)

e Add the UDF source code to the Source Files list

* C(lick Build to

compile and link the code

* If no errors, click Load to load the library

* You can also

unload a library if needed.

/define/user-defined/functions/manage

Interpreted UDF

Define User-Defined

Functions

—>Interpreted

& |nterpreted UDFs

Source File Mame

| Cii\kraining-projectiinlet_be.c ‘
PP Cornrmand Marme
| cpp
Stack Size

10000 ]

[r]
[ Display #ssembly Listing
[ ]use Contributed CPP
Interpret [ Close ] [ Help ]

Add the UDF source code to the Source File Name

list.

Click Interpret

The assembly language code will display in the

FLUENT console

Click Close if there is no error

> Intro> Data Structure & Macros> Examples> User-Defined Memory & Scalars> Summary>
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Step 4 — Hook the UDF in FLUENT GUI

* Open the boundary condition panel for the surface to which you would like to
apply the UDF

* Switch from Constant to udf x velocity inthe drop-down list

* The macro name is the first argument of DEFINE PROFILE in the UDF code

& Velocity Inlet E]

Zone Mame

| inlek

Marmenturm l Thermal] Fiadiatil:un] Species] DPM ] Multiphase] DS ]
Yelocity Specification Method Components o

Reference Frame | apcoike "

A-Welocity (my's) [ conskankt W

conskank
I"-.Iew Input Parameter. ..

Y-Welocity (mys) [

[ ik ] [Cancel] [Help ]

> Intro> Data Structure & Macros> Examples> User-Defined Memory & Scalars> Summary>
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Step 5 — Run the Calculations

* You can change the Profile Update Interval in the Run Calculation
panel (default value is 1)

— This setting controls how often (either iterations or time steps if unsteady) the UDF
profile is updated

Problem Setup Run Calculation
izeneral
Madels [ iCheck Case... ]
Materials
Mumber of Ikerations Reporting Interval
Cell Zone Conditions 100 E:} 1 E:%

Boundary Conditions

Crynamic Mesh 1 E:}

Reference Values
Salution | Data File Quantities... |

Profile Update Inkerval ]

Solution Methods
Solution Controls [
Monitors

Solution Initializakion
Calculakion Ackivities

» ... Run the calculation Sl
as usual ... Results

Calculake ]

> Intro> Data Structure & I\/Iacros> Examples> User-Defined Memory & Scalars> Summary>
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Step 6 — Examine the Results

* The figure on the left shows the velocity field through the 2D
elbow

* The figure on the right shows the velocity vectors at the inlet.
Notice the imposed parabolic velocity profile

)

—— U =20 [1_ (0,0};45)2]
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Example 2 — Custom Initialization

Initialize:
— A temperature of 600 K

— insi)de a sphere, with its center at (0.5, 0.5,
0.5),

— radius of 0.25,
— and 300 K throughout the rest of the domain.

The domain pointer is passed to this UDF
through the argument

thread loop c macrois used to access all
cell threads (zones), and begin ¢ loop
macro is used to access cells within each cell
thread

C_T(c,ct) allows access to the cell
temperature.

— There are similarly named macros for all
other solution variables

— An extensive list of these macros can be
found in the appendix

Deploy this UDF as a user defined
function hook in

Define > User-Defined > Function Hooks
(more details in Appendix)

#include "udf.h"“

DEFINE INIT(my init function, domain)
{
cell t c;
Thread *ct;
real xc[ND ND];
thread loop c(ct,domain)
{
begin c _loop (c,ct)
{
C_CENTROID (xc,c,ct);
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,ct) = 600.;
else
C T(c,ct) = 300.;
}

end c_loop (c,ct)

> Intro> Data Structure & I\/Iacros> Examples> User-Defined Memory & Scalars> Summary>
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Use of Macros in the Examples

* UDFs communicate with the solver through pre-defined macros

* Macros can be loosely categorized as either (with examples from the previous slides)

— DEFINE macros

* DEFINE_PROFILE(x_velocity,thread,nv), DEFINE_INIT (my_init_function,domain)
— Looping macros

* thread_loop _c(ct,domain){...}, begin_f loop(f,thread){...}end_f loop(f,thread)
— Data access macros

 Domain *d; thread *t; cell_t c; face_tf;
— Geometry macros

* C_CENTROID(xc,c,ct)
— Solution data macros

e C_T(c,t)

* More examples of each type of macro are described in the appendix

* Still many more DEFINE macros are available in the following categories and are documented
in the UDF manual:

— Turbulence models
— Multiphase models
— Reacting flows
— Dynamic mesh
— Input/Output

> Intro> Data Structure & I\/Iacros> Examples> User-Defined Memory & Scalars> Summary>
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User Defined Memory

* While macros are available for all solution D] = Wi Dsies] == iemen
variables, for instance C_T in Example 2, = User-Defined Memory
Sometimes it can be hEIprI to create Mumber of User-Defined Memaory Locations [ g E:%

additional variables
— For instance to store value of custom source

[ (] 4 ] [Cancel] [Help ]

terms, or custom post-processing variables [EIELITE
Cpkions Cantaurs of
* This can be done with User-Defined [ Filed User Defined Memory... v
a a [¢] Mode values
Memory variables, which are user- [¥] Global Range User Memory 0 3
uko Range User Memory O
allocated memory for each cell Sl Hsermemmié
. . . [ Draw Profi R —-
— Up to 500 field variables can be defined Flovau Mesh e
User Memory S
— The UDF macros for cell values and face ovels Seap  |dcack o013
values, respectively, are [0 gl |5 [efautnkerior:014
C_UDMI(cell thread,index); e =
— cell, rea ’I-n €x), Surface Mame Pattern
« F_UDMlI(face,thread,index); [0 p— a0
axis A
— Information is stored in the FLUENT st
data file and can be accessed in post- Fan =
processing operations such as contour plots
[Display] [Campute] [ Clase ] [ Help ]

> Intro> Data Structure & Macros> Examples> User-Defined Memory & Scalars> Summary>

16 © 2011 ANSYS, Inc. January 19, 2012 Release 14.0




User Defined Scalars (UDS)

®* FLUENT can solve up to 50 generic transport equations for user-defined
scalars

— The UDS equations can be solved as a standard steady or transient convection-diffusion

transport equation, or they can be customized through UDFs, to represent other partial
differential equations, for instance the electromagnetic field equations

e All terms in the equations can be controlled through UDFs

opk o 0Pk
+ F[¢k_rk_ :S k=1;2:x~:Nscalar
ot ax; ( X P
Unsteady Convection Diffusion Source\
DEFINE UDS UNSTEADY / \ DEFINE SOURCE
DEFINE UDS FLUX DEFINE DIFFUSIVITY

> Intro> Data Structure & Macros> Examples> User-Defined Memory & Scalars> Summary>
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Where to Get More Information and Help

* UDF User Guide

— Installed on your machine already as part of standard installation
— Contains macro definitions, numerous code examples and code fragments.

* Start your own UDF program by modifying an existing UDF program which
is close to what you want to do, then step by step add your own code to
the program.

* Attend the Advanced UDF Training course

* Because UDFs can be very complicated, ANSYS does not assume
responsibility for the accuracy or stability of solutions obtained using user-
generated UDFs.

* Support will be generally be limited to guidance related to communication
between UDFs and the FLUENT solver, we cannot help debug client’s
UDFs.

> Intro> Data Structure & Macros> Examples> User-Defined Memory & Scalars> Summary>
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Appendix
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User Access to the FLUENT Solver

SOLVERS
Segregated PBCS DBCS
User-
Initialize Begin Loop[| defined |Solver? Solve U-Momentum Source terms

ADJUST 4 ;
T —Z Solve Mass,
S
User Defined

ource terms Solve V-Momentum
Solve Mass M<I)Ementum, < Source terms
N Y & Momentum nergy,
INITIALIZE N Species

\ Solve W-Momentum

Y

Solve Mass Continuity;
Update Velocity

Repeat \

*
Exit Loop [<+—{Check Convergence

»>{Solve Energy \
T— Update Properties

Solve Species ~— | Source

* terms
User-Defined Properties / -«

Solve Turbulence Equation(s)
User-Defined BCs +

Solve Other Transport Equations as required
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FLUENT Data Structure

* In order to access data in a thread (zone), we need to :

* Provide the correct Thread pointer :

Type Variable Meaning of the declaration

Domain *d; d is the user name of a pointer to domain Thread
Thread *t; t is the user name of a pointer to Thread
cell t «c; c is the user name of a Cell thread variable
face t £; f is the user name of Face thread variable

Node *node; node is the user name of a pointer to a Node

® use FLUENT provided loop macro to access each member
(cell or face) in that Thread :

* thread loop c(ct,d) ({ Loop over all cell threads in domain
* thread loop f(ft,d) ({ Loop over all face threads in domain
* Loop over all cells in a cell thread t;

begin c loop(c,t)

{..}
end c _loop (c,t)
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Step 3 : Program the UDF

* To program the UDF, we need to use two Macros :
— one to perform the boundary condition assighment (DEFINE_PROFILE),
— and another to loop over the centroids of the inlet faces (begin_f loop),

Header File > declaration of all the Fluent data structures used by the source code

include "udf.h”
sdefine U MAX 20.0 name of the UDF (that would appears in the FLUENT’s panels)
#define PITCH 0.0745 Thread of the zone in which the UDF would be assign

(velocity_profile, thread, position)
{ declaration of the Face Thread index named : face

real POS[ND:ND];/ (the name is given by the user)

face

Store the coordinates of the Face Centroids into vector pos| ]

> (face, thread)
{ /

F_CENTROID(pos,face,thread);
F_PROFILE(face, thread, position) =U_MAX*(1.0-sqr(pos[1]/PITCH));

(face, thread) F_PROFILE > assign the UDF profile
}

Loop over all the Faces of the Boundary Condition

Release 14.0
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Overview of FLUENT Macros

* Macros are defined in header files

— The udf . h header file MUST be included in your source code
> #include “udf.h”

— The header files must be accessible in your path
» Typically stored in Fluent.Inc/src/ directory

* A list of often used macros is provided in the UDF User’s Guide
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DEFINE_ Macros

* Any UDF you write MUST begin with a DEFINE macro

* Most often used DEFINE macros :

DEFINE ADJUST (name,domain) ; general purpose UDF called every iteration

DEFINE INIT (name,domain); UDF used to initialize field variables
DEFINE ON DEMAND (name) ; an ‘execute-on-demand’ function

DEFINE PROFILE (name, thread,index); boundary profiles

DEFINE SOURCE (name,cell, thread,dS,index) ; equation source terms

DEFINE PROPERTY (name,cell, thread); material properties

DEFINE DIFFUSIVITY (name,cell, thread, index); UDS and species diffusivities
DEFINE UDS FLUX (name, face,thread,index) ; defines UDS flux terms
DEFINE UDS UNSTEADY (name,cell, thread, index,apu,su); UDS transientterms

DEFINE DELTAT (name,domain) ; variable time step size for unsteady problems
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DEFINE_ Macros - UDF Hooks

* Some DEFINE_ macros are hooked into the solver using the

25

User-Defined Function Hooks panel

— Initialization
* Executes once per initialization

— Solution adjustment
* Executes every iteration

— Wall heat flux

* Defines fluid-side diffusive and radiative
wall heat fluxes in terms of heat transfer
coefficients

* Applies to all walls

— User-defined surface and volumetric

reactions

— Read/write to/from case and data files
* Read order and write order must be same

— Execute-on-Demand capability
* Does not participate in the solver iterations

© 2011 ANSYS, Inc.

January 19, 2012

Define{User-Defined— Function Hooks

@ User-Defined Function...

Initialization

| none

Adjust | =

Execute at End | =

Read Case | =

Wi
Write Case naone

Read Data

Write Data |
Execute at Exit |

Wall Heat Flux

[ Ik, ] [Cancel] [Help ]
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WSS Geometry and Time Macros

C_NNODES (c, t) ;
C_NFACES (c, t) ;
F_NNODES (f, t) ;
C_CENTROID(x,c,t);
F_CENTROID (x,f,t) ;
F AREA(A,f,t);
C_VOLUME (c, t) ;
C_VOLUME 2D(c,t);

CURRENT TIME
CURRENT TIMESTEP
PREVIOUS TIME
PREVIOUS 2 TIME
PREVIOUS TIMESTEP
N _TIME

N _ITER

Returns nodes/cell

Returns faces/cell

Returns nodes/face

Returns coordinates of cell centroid in array x[]
Returns coordinates of face centroid in array x [ ]
Returns area vector in array A [ ]

Returns cell volume

Returns cell volume (axisymmetric domain)

real current flow time (in seconds)

real current physical time step size (in seconds)
real previous flow time (in seconds)

real flow time two steps back in time (in seconds)
real previous physical time step size (in seconds)
integer number of time steps

integer number of iterations
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Cell Field Variable Macros

C R(c,t); Density C DVDX(c, t); Velocity derivative

C_P(c,t); Pressure C DVDY(c,t);  Velocity derivative
C U(c,t); U-velocity

C V(c,t); V-velocity

C DVDZ(c,t); Velocity derivative

C _DWDX(c,t) ; Velocity derivative
C W(c,t); W-velocity )
C DWDY(c,t); Velocity derivative
C T(c,t); Temperature -

C H(c,t); Enthalpy C DWDZ (c,t);  Velocity derivative

C K(c,t); Turbulentkinetic energy (k)

C D(c,t); Turbulent dissipation rate (g) C MU L(c,t); Laminar viscosity
C O(c,t); Specific dissipation of k (w) C MU T(c,t); Turbulent viscosity
C_YI(c,t,i); Species mass fraction C MU EFF (c,t); Effective viscosity
C_UDSI(c,t,i); UDSscalars C K L(c,t); Laminar thermal conductivity
LML S o) 5 Dl seERlEE C K T(c,t); Turbulent thermal conductivity
C K EFF(c,t); Effective thermal conductivity

C DUDX(c,t); Velocity derivative _

i L C CP(c,t); Specific heat
C _DUDY (c,t); Velocity derivative -
C DUDZ(c,t); Velocity derivative 2R E, ) Gasiconstant
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WSS User Defined Scalars

Define|User-Defined— Scalars

* UDS Macros Hooks (1) :

= User-Defined Scalars

— Number of UDS variables

InletTTTTSon
UserDefined Scalars Options

UDS Index [ g []
— Zones in which the UDS is solved — o
> Solution Zones | 5| Auid zones 3
LSy Flux Function | -ce faw rate w
Unsteady Function | 4o gz, “
A efaul

[ Ok ] [Cancel] [Help ]

— Flux Function
* DEFINE UDS FLUX (name, face, thread, index)

— Unsteady function
* DEFINE UDS UNSTEADY (name,cell, thread, index, apu, su)

* If statements are required in order to associate multiple flux and
transient functions with each UDS
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WSS User Defined Scalars

* UDS Macros Hooks (2) :

* Source term
— DEFINE SOURCE (name,cell, thread,dS, index)

Zone Mame
| fiuid

Material Mame | 5 w

|:| Frame Motion |:| Laminar Zone Source Terms
[ ]Mesh Motion [ ]Fixed Values
D Porous Zone

Reference Frame] Mesh Motion] Porous Zonel Embedded LESI Reaction Source Terms | Fixed Values | Multiphase

¥ Momentum {n/m3) | 0 =ources [EdL] w
Turbulent Kinetic Energy (ka/s3-m) | 0 sources [EdL]
Turbulent Dissipation Rate {kg/s4-m) | 0 sources [EdL]
User Scalar

w

[ OK ] [Cancel] [Help ]
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WSS User Defined Scalars

30

* UDS Macros Hooks (3) :

 Diffusivity

— DEFINE DIFFUSIVITY (name,cell, thread, index)

© 2011 ANSYS, Inc.

air

Properties
Cp (Specific Heat) Gha) [ oot 7 L
| 100643
Thermal Conductivity (w/m-k) constant 3
|D.nz4z
Viscosity (kg/m-s) constant 3
1,78942205
LUDS Diffusivity (kgfms & m’
]\ e
W

[ChangefCreate ] [

Delete ] [ Close ] [ Help

= Create/Edit Materials E
Name Material Type Order Materials by
|a fluid v || ®name
— I (") Chemical Formula
CrE = finls FLUENT Fluid Materials

+ | [ FLUENT Database... |

[User-Deﬁned Database... ]
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WSS User Defined Scalars

* UDS Macros Hooks (4) :

* Boundary Conditions

* Specified Flux or Specified Value
* Define as constant or with UDF

— DEFINE PROFILE (name, thread, index)

Zone Name
‘ wall

Adjacent Cell Zone
‘ fluid-blade-xneg

Mnmentuml Thermal] Radlahnn] Spenes] DPM 1 Multiphase ~ UDS ]

User-Defined Scalar Boundary Condition ser-Defined Scalar Boundary Value \
User Scalar 0 Specified Flux User Scalar 0 [ constant w
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