I\NS >

Solver Settings

Introductoery: FEUENTAFSiigs

© 2006 ANSYS, Inc. All rights reserved. ANSYS, Inc. Proprietary



Introductory FLUENT Notes Fluent User Services Center

FLUENT v6.3 December 2006

www.fluentusers.com

NANSYS

Outline

¢ Using the Solver

Setting Solver Parameters
Convergence

= Definition

= Monitoring

= Stability

m Accelerating Convergence
Accuracy

m Grid Independence

= Grid Adaption
Unsteady Flows Modeling

m Unsteady-flow problem setup

= Unsteady flow modeling options
Summary

Appendix

FLUENT

© 2006 ANSYS, Inc. All rights reserved.

ANSYS, Inc. Proprietary



1]
Introductory FLUENT Notes Fluent User Services Center ANS i S

FLUENT v6.3 December 2006 www.fluentusers.com

FLUENT

Outline

¢ Using the Solver (solution procedure overview)
e Setting Solver Parameters
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Solution Procedure Overview

Set the solution parameters

¢ Solution parameters I
e Choosing the solver Initialize the solution
e Discretization schemes |
* Inltlahzatl on Enable the solution monitors of interest
o Convergence l PP
. . Calculate a solution |<&— Modify so UtIOI.l
e Monitoring convergence parameters or grid
oy A
e Stability l

i : Check f
= Setting Under-relaxation eck Tor convergence —¢

= Setting Courant number

e Accelerating convergence

¢ Accuracy Y
o Grid Independence i Check for aceuracy _>
e Adaption @
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Available Solvers

¢ There are two kinds of solvers available in Segregated PBCS DBCS
FLUENT. Solve U-Momentum
e Pressure-based solver
e Density-based coupled solver (DBCS) Solve V-Momentum Solve Mass,
Momentum,
¢ The pressure-based solvers take momentum ST (e Ener
: Solve W-Momentum & Momentum 9y,
and pressure (or pressure correction) as the Species
primary variables. Solve Mass
¢ Pressure-velocity coupling algorithms are Upgzgicllgltgéity
derived by reformatting the continuity
equation !
¢ Two algorithms are available with the —*| Solve Energy
pressure-based solvers: Y
e Segregated solver — Solves for pressure Solve Species
correction and momentum sequentially. *
e Coupled Solver (PBCS) — Solves pressure and Solve Turbulence Equation(s) [<—
momentum simultaneously. *

Solve Other Transport Equations as required

© 2006 ANSYS, Inc. All rights reserved. ANSYS, Inc. Proprietary
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Available Solvers

¢ Density-Based Coupled Solver — —— —
equations for continuity, momentum, 9 e ol © implic
energy, and species, 1if required, are Space -~
solved in vector form. Pressure is - 20 & Steady
obtained through the equation of state. S e | nsteay
Additional scalar equations are solved V;uciw ——

in a segregated fashion.

Solution Controls gj

Equations =] =| Under-Relaxation Factors

¢ The density-based solver can use

1 : L . . . Flow e
either an implicit or explicit solution Tutbulence Density [T
approaCh: Body Forces ’1—

Turbulent Kinetic Energy [g_g

Turbulent Dissipation Rate [g_g

e Implicit — Uses a point-implicit Gauss-

Seidel / symmetric block Gauss-Seidel ; _ |
. Pressure-Yelocity Coupling Discretization

/ ILU method to solve for variables. -

. . |C'3UI1'|'3':I j Pressure‘gtanda,d j

e Explicit: u_se.s a. mul.tl—step Runge— Courant Number [0 Momentum Firo Order Upwind 7]

Kutta explicit time integration method | explicitRelaxation Factors Turbuten Kinetc Enrgy vt rder Upuind E

M

Note: the pressure-based solvers are omentim [o.75 Turbulent Dissipation Rate Firot Order Upwind 7]

lmp1101t Pressure [g_75 ﬂ

OK | Default| [Cancei| Help |
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Choosing a Solver

¢ The pressure-based solver is applicable for a wide range of flow regimes from
low speed incompressible flow to high-speed compressible flow.

e Requires less memory (storage).
e Allows flexibility in the solution procedure.
¢ The pressure-based coupled solver (PBCS) is applicable for most single phase

flows, and yields superior performance to the pressure-based (segregated)
solver.

e Not available for multiphase (Eulerian), periodic mass-flow and NITA cases.
e Requires 1.5-2 times more memory than the segregated solver.
¢ The density-based coupled solver (DBCS) is applicable when there is a strong

coupling, or interdependence, between density, energy, momentum, and/or
species.
e Examples: High speed compressible flow with combustion, hypersonic flows,
shock interactions.
+ The Implicit solution approach is generally preferred to the explicit approach,
which has a very strict limit on time step size

¢ The explicit approach is used for cases where the characteristic time scale of
the flow 1s on the same order as the acoustic time scale. (e.g.: propagation of
high-Ma shock waves).

© 2006 ANSYS, Inc. All rights reserved. - ANSYS, Inc. Proprietary
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Discretization (Interpolation Methods)

+ Field variables (stored at cell centers) must be interpolated to the faces of the
control volumes.

8(p (I)) Niaces Niaces
SRV prqu)f-Af =Zr¢v¢f-Af+S¢V

¢ Interpolation schemes for the convection term:
e First-Order Upwind — Easiest to converge, only first-order accurate.

e Power Law — More accurate than first-order for flows when Re_.; <5 (typ. low Re

flows)

cell

e Second-Order Upwind — Uses larger stencils for 2nd order accuracy, essential with
tri/tet mesh or when flow is not aligned with grid; convergence may be slower.
e Monotone Upstream-Centered Schemes for Conservation Laws (MUSCL) —

Locally 3rd order convection discretization scheme for unstructured meshes; more
accurate in predicting secondary flows, vortices, forces, etc.

e Quadratic Upwind Interpolation (QUICK) — Applies to quad/hex and hybrid
meshes, useful for rotating/swirling flows, 3rd-order accurate on uniform mesh

© 2006 ANSYS, Inc. All rights reserved. - ANSYS, Inc. Proprietary
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FLUENT®
Interpolation Methods (Gradients)

+ Gradients of solution variables are required in order to evaluate
diffusive fluxes, velocity derivatives, and for higher-order
discretization schemes.

a Nfaces S
(), Do VoA =DV, A4S,V

¢ The gradients of solution variables at cell centers can be determined
using three approaches:

e Green-Gauss Cell-Based — The default method; solution may have false
diffusion (smearing of the solution fields).

e Green-Gauss Node-Based — More accurate; minimizes false diffusion;
recommended for tri/tet meshes.

e Least-Squares Cell-Based — Recommended for polyhedral meshes; has the
same accuracy and properties as Node-based Gradients.

¢ Gradients of solution variables at faces computed using multi-
dimensional Taylor series expansion

© 2006 ANSYS, Inc. All rights reserved. - ANSYS, Inc. Proprietary
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Interpolation Methods for Face Pressure

¢ Interpolation schemes for calculating cell-face pressures when using
the segregated solver in FLUENT are available as follows:

e Standard — The default scheme; reduced accuracy for flows exhibiting
large surface-normal pressure gradients near boundaries (but should not be
used when steep pressure changes are present in the flow — PRESTO!
scheme should be used instead.)

e PRESTO! — Use for highly swirling flows, flows involving steep pressure
gradients (porous media, fan model, etc.), or in strongly curved domains

e Linear — Use when other options result in convergence difficulties or
unphysical behavior

e Second-Order — Use for compressible flows; not to be used with porous
media, jump, fans, etc. or VOF/Mixture multiphase models

e Body Force Weighted — Use when body forces are large, e.g., high Ra
natural convection or highly swirling flows

© 2006 ANSYS, Inc. All rights reserved. - ANSYS, Inc. Proprietary
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Pressure-Velocity Coupling

¢ Pressure-velocity coupling refers to the numerical algorithm which
uses a combination of continuity and momentum equations to derive
an equation for pressure (or pressure correction) when using the
pressure-based solver.
¢ Four algorithms are available in FLUENT.
e Semi-Implicit Method for Pressure-Linked Equations (SIMPLE)
= The default scheme, robust
e SIMPLE-Consistent (SIMPLEC)

= Allows faster convergence for simple problems (e.g., laminar flows with
no physical models employed).

e Pressure-Implicit with Splitting of Operators (PISO)

= Useful for unsteady flow problems or for meshes containing cells with
higher than average skewness

e Fractional Step Method (FSM) for unsteady flows.
= Used with the NITA scheme; similar characteristics as PISO.

© 2006 ANSYS, Inc. All rights reserved. - ANSYS, Inc. Proprietary
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Initialization

+ [terative procedure requires that all

solution variables be initialized before

CaICUIating a SOlutiOH Compute From Reference Frame
— I ‘inlet j * Relative to Cell Zone
Solve[—>{Initialize—> Initialize... “ Absolute
L. . . Initial Values
o Realistic guesses improves solution o -
iy auge Pressure [pascall ’W
stability and accelerates convergence
.o . X Velocity [m}'s]’a—
o In some cases, a good initial guess is
required. ¥ Velocity (mfs) [g
= Example: high temperature region to ZVelocity (mis) [19
initiate chemical reaction. i
Fleset| Apply| Close | Help |

¢ Patch values for individual variables

in certain regions. e K

e 1. Reference Frame Value [m{s] Zones to Patch  E[=|
Solve —{Initialize— Patch... & Relative to Cell Zone s Tuid
. . . . " Absolute inid I
o Free jet flows (high velocity for jet) Variable I Use Field Function | |fluid-vesse
e Combustion problems (high temperature Pressure =

region to initialize reaction) Registers to Patch 2| =/

o Cell registers (created by marking the
cells in the Adaption panel) can be used Temperature
for patching values into various regions Turbulent Kinetic Energy
of the domain.

W

Patch| Cluse| Help ‘
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FLUENT®
FMG Initialization

¢ Full Multigrid (FMQG) Initialization can be used to create a better initialization
of the flow field:

e TUI command: /solve/init/fmg-initialization

¢ FMG is computationally inexpensive and faster. Euler equations are solved
with first-order accuracy on the coarse-level meshes.

¢ It can be used with both pressure and density based solvers, but only in steady
state.

¢ FMG uses the Full Approximation Storage (FAS) multigrid method to solve
the flow problem on a sequence of coarser meshes, before transferring the
solution onto the actual mesh.

e Settings can be accessed by the TUI command:
/solve/init/set-fmg-initialization

¢ FMG Initialization is useful for complex flow problems involving large
gradients in pressure and velocity on large domains (e.g.: rotating machinery,
expanding spiral ducts)

© 2006 ANSYS, Inc. All rights reserved. ANSYS, Inc. Proprietary
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Case Check

o Case Check is a utility in FLUENT which looks for common setup errors and
provides guidance in selecting case parameters and models.

e Uses rules and best practices

¢ Case check will look for compliance in:

e Grid
. Solve—Case Check...
e Model Selection e
[ ] Boundary Conditions Grid ] Models Boundary Conditions lMateriaI Pmperties] Solverl
. . Manual Implementati
e Material Properties o
Recommendation
° Solver Settings E:;;gtt’.i;t;t.let boundary conditions. A combination of pressure and outflow boundaries is not j
. . [Define/Boundary Conditions]
‘ Tabbed SeCtlonS Contaln Review turbulence specifications at flow boundaries. Default values detected. j
. [Define/Boundary Conditions]
recommendatlons Assign a non-zero wall thickness for wall boundaries with shell conduction. j
. . [Define/Boundary Conditions] J
¢ Automatic recommendations:
the utility will make the changes
¢ Manual recommendations: the
user has to make the changes rpply | (Gioss] Help |

© 2006 ANSYS, Inc. All rights reserved. ANSYS, Inc. Proprietary
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FLUENT

Convergence

¢ At convergence, the following should be satisfied:

e All discrete conservation equations (momentum, energy, etc.) are obeyed in all

cells to a specified tolerance OR the solution no longer changes with subsequent
iterations.

e Overall mass, momentum, energy, and scalar balances are achieved.
¢ Monitoring convergence using residual history:

e Generally, a decrease in residuals by three orders of magnitude indicates at least

qualitative convergence. At this point, the major flow features should be
established.

o Scaled energy residual must decrease to 10-° (for the pressure-based solver).

o Scaled species residual may need to decrease to 10~ to achieve species balance.
+ Monitoring quantitative convergence:

e Monitor other relevant key variables/physical quantities for a confirmation.

e Ensure that overall mass/heat/species conservation is satisfied.

© 2006 ANSYS, Inc. All rights reserved.
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FLUENT

Convergence Monitors: Residuals

¢ Residual plots show when the residual values have reached the
specified tolerance.

Solve—{Monitors— Residual...

1e+01 —
qet00 — —cantinuity
e . —x=velocity Options Storage Plotting
_\‘ All equatlons converged. '5"'"""'3“:":“'5" v Print Iterations (1908 il Window (g il
101 —Zielocty ¥ Plot 2 =
—k Mormalization it GECT Zl
1e-02 3 epsilon

[ Normalize v Scale Axes... | Curves...|

Convergence Criterion

|ahsn|ute j

Check Absolute -

Residual Monitor Convergence Criteria

continuity v v a.881

®¥-velocity v v 8. 81

y-velocity |[v v a.881

7 z-velocity v v 8. 81
1e-07 T T T T T T 1 IW v ™ IW 1
u] a0 100 150 200 260 200 250 d

lterations 0K | Plot | Renorm| iCancel| Help
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Convergence Monitors: Forces/Surfaces

Options Wall Zones =| =| Force Vector

e Lift, drag, or moment ™ Print wall-dome  —

¢ In addition to residuals, you can also monitor:
3

™ Plot wall-outlet

. . IHub
Solve—>{Monitors—> Force... ™ Write b Yo

™ Per Zone wall-tube-shadow

- - . wall-tube:001 Za
e Pertinent variables or functions (e.g., surface Coefficient | waltvessel
. D -
integrals) at a boundary or any defined surface. | -l [
Solve —*|Monitors|— Surface... Moment
Apply‘ Plot ‘ Clear‘ Clnse‘ Help ‘
Name Report of
: -0.00a+00
monitor-1 ‘Temperature... j .
-1.00a+00 -
Report Type ‘Stalic Temperature j 1
|Area—Weighted Average | curfaces =l = -0.00e+00 i
X Axis inlet = -6.008+00
Iteration - outlet Cl -1.008+01 —
' ]
Plot Window wall-outlet 1,308+ 01 -
1 il wall-tube 1
wall-tube-shadow e -1.400+01
File Name 1. B0esOL ]
|munitur—1 -out 1
-1.808+01 - - - - - - - - - .
0 B0 100 4E0 3200 360 300 360 400 460 EOO
1].4 Curves... Axes... Cancel Help ‘ Iteratians
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Checking for Flux Conservation

+ In addition to monitoring o e Flves
residual and variable histories, D

you should also check for

Options Boundaries =| =| Results
overall heat and mass £ Mase Flow Fate deiae ——
mnier- o
balances. " Total Heat Transfer Rate inlet-2 9.3859138

I:H- - - |
Radiation Heat Transfer Rafh outlet -20.891987

Boundary Types =| =| w3
axis V.
¢ The net imbalance should be exhaustfan
1€SS than 1% Of the Smallest inletvent 3

Boundary Name Pattern

flux through the domain —

Match | k'g.l's \
boundary @

Close | Help |

© 2006 ANSYS, Inc. All rights reserved. ANSYS, Inc. Proprietary
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FLUENT

Tightening the Convergence Tolerance

¢ If solution monitors indicate that the

solution 1s converged, but the solution is
still changing or has a large mass/heat o —

. . . . . Options Storage Plotting
imbalance, this clearly indicates the solution | & pynt herations [To00 = Window[o 2
. v Plot T
1S noj[ yet converged. — herations [1500 =
¢ In this case, you need to: ™ Normalize [ Scale | axes... | Curves...|
e Reduce values of Convergence Criterion Convergence Criterion
or disable Check Convergence in the Residual jabsolute _ - -
: heck Absolut -
Monltors paneL Residual Monit rCuﬁSergence Cri?tl:]rilije ‘
Solve—Monitors— Residual... continuity v = 0001
e Continue iterations until the solution x-velocity W = 0-001
Converges y-velocity [+ v a.001
z-velocity W v a.am
Solve—> lterate... )
energy v \ v 1e-86 ;_
. . . 0K Plot R ‘Cancel | Hel
¢ Selecting none under Convergence Criterion ST} e ey | W

will instruct FLUENT to not check
convergence for any equations.
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FLUENT

Convergence Difficulties

+ Numerical instabilities can arise with an ill-posed problem, poor quality mesh,
and/or inappropriate solver settings.

e Exhibited as increasing (diverging) or “stuck” residuals.
e Diverging residuals imply increasing imbalance in conservation equations.
e Unconverged results are very misleading!

¢ Troubleshooting o S— .
o Ensure that the problem is well- ety | el g onfinuity equation convergence
posed L o trouble affects convergence of
' L : : —enaray | ] all equations.
e Compute an initial solution using a el
first-order discretization scheme. terd 4 M
e Decrease under-relaxation factors for el JE A
equations having convergence 101 4 W
problems (pressure-based solver). ta-12 f
e Decrease the Courant number fa-03
(density-based solver) " W
e Remesh or refine cells which have O 7 —
large aspect ratio or large skewness. TS oan SR 7oA E

[terations

© 2006 ANSYS, Inc. All rights reserved. ANSYS, Inc. Proprietary
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Modifying Under-Relaxation Factors

¢ Under-relaxation factor, o, 1s (I) _ (I)
included to stabilize the iterative p p
process for the pressure-based Solution Controls

SOlver Equations £| =| Under-Relaxation Factors
. ?uur\lrulence Density |4 ﬂ N
¢ Use default under-relaxation ERET Boay Fores [;—— J
factors to start a calculation. Momentum [o.7
Solve—*{Controls— Solution... Turbulent Kinetic Energy [5.2 i
. . R R hdl R
¢ Decreasing under-relaxation for | PressueVelocity Coupling  piscretization
momentum often aids jSIMPLE ] Pressure [Standard 7]
Convergence Momentum |Secund Order Upwind j
. . . Turbulent Kinetic Energy |Second Order Upwind j
e Default settings are suitable for a Turbulent Dissipation Rat _
. (AL =] LIS PE [l E |Secund Order Upwind j
wide range of problems, you can =~

reduce the values when necessary OK | Defaunt| Cancel| Help |

e Appropriate settings are best
learned from experience!

+ For density-based solvers, under-relaxation factors for equations outside
coupled set are modified as in the pressure-based solver.
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Modifying the Courant Number

¢ A transient term 1s included in the
density-based solver even for

Solve—{Controls— Solution...

Steady State prOblemS' Equations =| =| Under-Relaxation Factors
e The Courant number defines the o ence Turbulent Kinetic Energy [g.5 — —
time step size. Turbulent Dissipation Rate W
¢ For density-based explicit solver: furtuentiiscesty |1
. . . Solid[y
e Stability constraints impose a P r— R El
maximum limit on the Courant Discretization stmndorderuwind .
number' Flux Type A N | ’ j
‘RUE'FDS j Turbulent Kinetic Energy |Secund Order Upwind j
= Cannot be greater than 2 Turbulent Dissipation Rate |Secund Order Upwind J
(default value is 1). :
= Reduce the Courant number =
when having difficulty OK | Default| [€ancel| Help |
converging. Y
¢ For density-based implicit solver: Af (CFL)@<— Mesh size
e The Courant number is not limited @47 Appropriate velocity scale

by stability constraints.
= Default value is 5.
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FLUENT

Accelerating Convergence

+ Convergence can be accelerated by:
e Supplying better initial conditions
= Starting from a previous solution (using file/interpolation when necessary)
e Gradually increasing under-relaxation factors or Courant number
= Excessively high values can lead to instabilities or convergence problems
= Recommend saving case and data files before continuing iterations

e Controlling multigrid solver settings (but default settings provide a robust
Multigrid setup and typically do not need to be changed). See the
Appendix for details on the Multigrid settings.

ANSYS, Inc. Proprietary
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FLUENT

Starting from a Previous Solution

¢ Previous solution can be used as an initial condition when changes are
made to problem definition.

e Use solution interpolation to initialize a run (especially useful for starting
fine-mesh cases when coarse-mesh solutions are available). |File | Interpolate...

e Once the solution is initialized, additional iterations always use the current
data set as the starting point.

e Some suggestions on how to provide initial conditions for some actual

problems:
Actual Problem Initial Condition
Heat Transfer Isothermal
Natural convection Low Rayleigh number

Combustion / reacting flow | Cold flow

Turbulence Inviscid (Euler) solution

© 2006 ANSYS, Inc. All rights reserved.
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Solution Accuracy

¢ A converged solution 1s not necessarily a correct one!

e Always inspect and evaluate the solution by using available data, physical
principles and so on.

e Use the second-order upwind discretization scheme for final results.
e Ensure that solution 1s grid-independent:

= Use adaption to modify the grid or create additional meshes for the grid-
independence study

o If flow features do not seem reasonable:
e Reconsider physical models and boundary conditions
e Examine mesh quality and possibly remesh the problem

e Reconsider the choice of the boundaries’ location (or the domain):
inadequate choice of domain (especially the outlet boundary) can
significantly impact solution accuracy

© 2006 ANSYS, Inc. All rights reserved. ANSYS, Inc. Proprietary
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Mesh Quality and Solution Accuracy

+ Numerical errors are associated with calculation of cell gradients and cell face
interpolations.

¢ Ways to contain the numerical errors:
e Use higher-order discretization schemes (second-order upwind, MUSCL)
e Attempt to align grid with the flow to minimize the “false diffusion”
e Refine the mesh
= Sufficient mesh density is necessary to resolve salient features of flow
¢+ Interpolation errors decrease with decreasing cell size
= Minimize variations in cell size in non-uniform meshes
¢ Truncation error is minimized in a uniform mesh
¢+ FLUENT provides capability to adapt mesh based on cell size variation
=  Minimize cell skewness and aspect ratio

¢+ In general, avoid aspect ratios higher than 5:1 (but higher ratios are allowed in
boundary layers)

¢+ Optimal quad/hex cells have bounded angles of 90 degrees
¢+ Optimal tri/tet cells are equilateral

© 2006 ANSYS, Inc. All rights reserved. ANSYS, Inc. Proprietary
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Determining Grid Independence

¢ A “grid-independent” solution exists when the solution no longer changes with
further grid refinement.
¢ Systematic procedure for obtaining a grid-independent solution:
e Generate a new, finer mesh

= Use the solution-based adaption feature in FLUENT. Grid—{Adapt

¢+ Save the original mesh before doing this.

¢+ If you know where large gradients should occur, you need to have a fine mesh in
the original mesh for that region, e.g. use boundary layers and/or size functions.

¢+ Adapt the mesh
— Data from the original mesh is interpolated onto the finer mesh.

— FLUENT offers dynamic mesh adaption which automatically changes the
mesh according to user-defined criteria.

e Continue calculation until convergence.
e Compare the results obtained on the different meshes.
e Repeat the procedure if necessary.

¢ To use a different mesh on a single problem, use the TUI commands
file/write-bc and f£ile/read-bc to facilitate the setup of a new

problem. Better initialization can be obtained via interpolation from existing
case/data by using |Filel—Interpolate...

ANSYS, Inc. Proprietary

© 2006 ANSYS, Inc. All rights reserved.



1]
Introductory FLUENT Notes Fluent User Services Center ANS i S

FLUENT v6.3 December 2006 www.fluentusers.com

FLUENT

Outline

.
[
o
|
|
n
|
[
n
|
e Unsteady Flow Modeling
m Unsteady flow problem setup
= Unsteady flow modeling options
[
[ ]

© 2006 ANSYS, Inc. All rights reserved. ANSYS, Inc. Proprietary



1]
Introductory FLUENT Notes Fluent User Services Center ANS i S

FLUENT v6.3 December 2006 www.fluentusers.com

FLUENT

Unsteady Flow Modeling

¢ Solver iterates to convergence within each time step, then 1ot
advances to the next. el -

¢ Solution initialization defines the initial condition and it must
be realistic.

¢ Non-iterative Time Advancement (NITA) is available for
faster computation time (see the Appendix for details).

o For the pressure-based solver:
o Time step size, At, is set in the Iterate panel

= At must be small enough to resolve time-dependent
features; make sure the convergence is reached within
the number of Max Iterations per Time Step

= The order of magnitude of an appropriate time step size

Time Stepping Method

can be estimated as: & Fixed
. . » i
As Typical cell size - Ddaptve
Characteristic flow velocity Options

. . . [~ Data Sampling for Time Statistics
= Time step size estimate can also be chosen so that the

unsteady characteristics of the flow can be resolved feration — |

(e.g. flow within a known period of fluctuations) (] Max lierations per Time Stepza /B
e To iterate without advancing in time, use zero time steps Reporting Interval[1 2|
e The PISO scheme may aid in accelerating convergence for UDF Profile Update Interval [ 2!

many unsteady flows

lterate| Apply | Close | Help |
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Unsteady Flow Modeling Options

. . . Time - Adaptive Time Step Parameters
Adapthe Tlme Stepplng \ Time Step Size [s] W Truncation Error Tolerance IW
e Automatically adjusts time-step size based \ Membereftimesersfo 3 Sl
on local truncation error analysis &I\I‘I‘IB .Stepplng Method Minimum Time Step Size [s] ,W
. . . . o Maximum Time Step Size (s) [19 |
e Customization possible via UDF Misimum Step Change Factor[g-5

Time-averaged statistics

Particularly useful for LES turbulence
modeling

If desirable, animations should be set up
before iterating (for flow visualization)

For the density-based solver, the Courant
number defines:

e The global time step size for density-based
explicit solver.
e The pseudo time step size for density-

based implicit solver

= Real time step size must still be defined
in the lterate panel

© 2006 ANSYS, Inc. All rights reserved.

Options Maximum Step Change Factor [
—P> [ Data § g for Time Statisti ; :
Sampllng Interval ,1— j Number of Fixed Time Steps |4 ZI

User-Defined Time Step |hone -
Solution Animation EJ
Animation Sequences |2 i‘

Active Name
I~

Every When

sequence—1 ’_ i‘ Time Step

r sequence-2 :‘ Time Step -
-
2 [feration ] 4
r Animation Sequence
r ,7 ,— 4 Sequence Parameters Display Type
“| | Storage Type Name " Grid
-1 * Contours;
oK o ((: IMnTiTUW |sequence [ pontours
o * Metafile .
Wind & i
© PPM Image indow g z‘ Set ; Sa:;lcle Tracks
ectors
Storage Directory XY Plot

| " Monitor

Properties...

0K | Cancel| Help|
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Summary

¢ Solution procedure for both the pressure-based and density-based
solvers 1s identical.

e Calculate until you get a converged solution
e Obtain a second-order solution (recommended)

e Refine the mesh and recalculate until a grid-independent solution is
obtained.

¢ All solvers provide tools for judging and improving convergence and
ensuring stability.

¢ All solvers provide tools for checking and improving accuracy.

¢ Solution accuracy will depend on the appropriateness of the physical
models that you choose and the boundary conditions that you specify.
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Appendix

¢ Background
e Finite Volume Method
e Explicit vs. Implicit
e Segregated vs. Coupled
e Transient Solutions
e Flow Diagrams of NITA and ITA Schemes
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The Finite Volume Method

o FLUENT solvers are based on the finite volume method.

e Domain is discretized into a finite set of control volumes or cells.

¢ The general transport equation for mass, momentum, energy, etc. is
applied to each cell and discretized.

¢ All equations are solved in order to render the flow field.

§Ip¢dV+§p¢V-dA:§rv¢.dA+Is¢ v
A\ A A

%
J
% \ v 7N ~ S control

Unsteady Convection Diffusion Generation

volume
Equation Variable
Continuit 1 : : :
X m(?;elﬁzin}i u Fluid region of pipe flow
Y momentum v discretized into finite set of
Z momentum W control volumes (mesh).
Energy h
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The Finite Volume Method

+ Each transport equation 1s discretized into algebraic form. For cell P,

+At _
(po, ) . bo,) AV+pr bV, A, :er (Vo). , 4, +S,AV ff;ﬁzzf;» »

adjacent cells, nb

faces faces

+ Discretized equations require information at both cell centers and
faces.

e Field data (material properties, velocities, etc.) are stored at cell centers.
e Face values are interpolated in terms of local and adjacent cell values.
e Discretization accuracy depends on the “stencil” size.

¢ The discretized equation can be expressed simply as

ap (I)p +Zanb (I)nb :bp
nb

e Equation is written for every control volume in the domain resulting in an
equation set.
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Linearization

+ Equation sets are solved iteratively.

o Co§fﬁcients a, .and a,, are typically functions of solution a,d,+ Z a0, =D,
variables (nonlinear and coupled). nb

e Coefficients are written to use values of solution variables
from the previous iteration.
= Linearization removes the coefficients’ dependence on ¢.

= Decoupling removes the coefficients’ dependence on other
solution variables.

e Coefficients are updated with each outer iteration.

= For a given inner iteration, coefficients are constant
(frozen).

¢ ¢, can either be solved explicitly or implicitly.
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Explicit vs. Implicit Solution

+ Assumptions are made about the knowledge of ¢,,.
e Explicit linearization

= Unknown value in each cell computed from relations that include only
existing values (¢, assumed known from previous iteration).

= ¢, is then solved explicitly using a Runge-Kutta scheme.
e Implicit linearization

= ¢, and ¢, are assumed unknown and are solved using linear equation
techniques.

= Equations that are implicitly linearized tend to have less restrictive
stability requirements.

= The equation set is solved simultaneously using a second iterative loop
(e.g., point Gauss-Seidel).
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Pressure-Based vs. Density-Based Solver

¢ Pressure-based solver

e If the only unknowns in a given equation are assumed to be for a single
variable, then the equation set can be solved without regard to the solution
of other variables.

e Simply put, each governing equation is solved independently of the other
equations).

o Ir? this case, the coefficients a  and a, are scalar values. a,d,+ Z a, b, =b,
+ Density-based solver nb

e If more than one variable is unknown in each equation, and each variable
is defined by its own transport equation, then the equation set is coupled
together.

e Inthis case, the coefficients a  and a , are N, x N, matrices.

e ¢ 1s a vector of the dependent variables, {p,u, v, w, T, Y}
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Pressure-Based Solver

¢ In the pressure-based solver, each »| Update properties
equation is solved separately. ¢
¢ The Continuity equati()n takes the Solve momentum equations (u, v, w velocity)
form of a pressure correction equation ¢
as part of Patankar’s SIMPLE Solve pressure correction (continuity) equation
Update pressure field and face mass flow rates

algorithm.

:

¢ Under-relaxation factors are included Solve oneray, specics. turbulonce, and
in the discretized equations. other scalar equations

e Included to improve stability of

1terative process. @ @
e An explicit under-relaxation factor, a,
limits change in variable from one

1teration to the next:
d)p - ¢p,01d + aAd)p
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Density-Based Solver

¢ Continuity, momentum, energy, and »| Update properties
species are solved simultaneously in the l
density-based solver.

Solve continuity, momentum, energy

¢ Equations are modified to resolve both and species equations simultaneously
compressible and incompressible flow. l
¢ Transient term is always included. Solve turbulence and other scalar equations

e Steady-state solution is formed as time
increases and transients tend to zero.

¢ For steady-state problem, the “time step” @ Converged?
Y

is defined by the Courant number.

e Stability issues limit the maximum time

step size for the explicit solver but not for
the implicit solver.

(CFL) Ax CFL = Courant-Friedrichs-Lewy-number
At =-—"— u = appropriate velocity scale
U Ax = grid spacing
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Multigrid Solver

¢ The Multigrid solver accelerates convergence by solving
the discretized equations on multiple levels of mesh
density so that the “low-frequency” errors of the
approximate solution can be efficiently eliminated

e Influence of boundaries and far-away points are more easily
transmitted to interior of coarse mesh than on fine mesh.

Fine (original) mesh

e C(Coarse mesh defined from original mesh (/ —_\\)
= Multiple coarse mesh ‘levels’ can be created. — L
¢+ Algebraic Multigrid (AMG) — coarse mesh emulated “Solution

algebraically

¢+ Full Approximate Storage Multigrid (FAS) — “cell
coalescing’ defines new grid.

' Transfer”

— An option in the density-based explicit solver.

Final solution is for original mesh O
e Multigrid solver operates automatically in the background
¢ Consult the FLUENT User’s Guide for additional options coarse mesh

and technical details
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Background: Coupled/Transient Terms

¢ Coupled solver equations always contain a transient term.
¢ Equations solved using the unsteady coupled solver may contain two transient terms:
e Pseudo-time term, Art.
e Physical-time term, At.
¢ Pseudo-time term is driven to near zero at each time step and for steady flows.
+ Flow chart indicates which time step size inputs are required.
e Courant number defines At
e Inputs to Iterate panel define At.

¥ Solver [ <]
Coupled Solver Discretization of: el Ranul=iion
-~ Segregated ~ Implicit
) /W 3| # Explicit
llzl 1_1(_:12 ___________ E)Sph_c_lt _______________ <_: _p_S_elllqo_-Ell;n_e Space .Time
W 25 ~ Steady
Steady Unsteady Steady Unsteady v Asdsymmenic “ Unsteady
v Fsdsymmeivic Bwird
AT At 4 3D
Velocity Formulation Unsteady Formulation
“ Absolute | Explicit |
Implicit  Implicit Explicit < physical-time e || - 1st-Order Implicit
____________________________________________ + 2nd-Order Implicit
AT, At AT, At AT
. OK Cancel Hel
(global time step) .
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ITA versus NITA

—»f =+ 1 Al | ————— —>{ =1+ nAt
Solve momentum Solve U, V, W
equations equations

Solve pressure
correction

Solve pressure
correction

v

Correct velocity,
pressure, fluxes

Correct velocity,
pressure, fluxes

Solve scalars
(T, k, ¢, etc.) \
Solve k and ¢

Y

Solve other scalars

'

Advance to Advance to
next time step next time step
Iterative Time Advancement (ITA) Non-Iterative Time Advancement (NITA)
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NITA Schemes for the Pressure-Based Solver

overal time-discretization. error __ | Truncation error: Splitting error (due to eqn
for 2nd-order scheme: = ) + _
O(AR2) O(At?) segregation): O(At")

¢ Non-iterative time advancement (NITA) schemes reduce the splitting error to
O(A#£?) by using sub-iterations (not the more expensive outer iterations to
eliminate the splitting errors used in ITA) per time step.

¢ NITA runs about twice as fast as the ITA scheme.

¢ Two flavors of NITA schemes available in FLUENT 6.3:
e PISO (NITA/PISO)
= Energy and turbulence equations are still loosely coupled.
e Fractional-step method (NITA/FSM)
= About 20% cheaper than NITA/PISO on a per time-step basis.
¢ NITA schemes have a wide range of applications for unsteady simulations,
such as incompressible, compressible (subsonic, transonic), turbomachinery
flows, etc.
¢ NITA schemes are not available for multiphase (except VOF), reacting flows,

porous media, and fan models, etc. Consult the FLUENT User’s Guide for
additional details.
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NITA Solution Control and Monitoring

¢ Sub-iterations are performed for discretized equations till the Correction
Tolerance is met or the number of sub-iterations has reached the Max Corrections

¢ Algebraic multigrid (AMG) cycles are performed for each sub-iteration. AMG
cycles terminate if the default AMG criterion is met or the Residual Tolerance is
sastisfied for the last sub-iteration

¢ Relaxation Factor is used for solutions between each sub-iteration

X

Solution Controls

=| =| Non-Iterative Solver Controls

B

Max. Correction Residual Relaxation

Corrections Tolerance Tolerance Factor
Pressure [10 :i o JI"'

Momentum [5 i‘ 0,05 o001 [1

Turbulent Kinetic Energy 5 i‘ |a_35 |l] [T ] |1

]

Equations

Pressure-Velocity Coupling _ e
Discretization

|PISO j Pressure |Standard
Neighbor Correction
|1 i‘ Momentum |First Order Upwind

Turbulent Kinetic Energy |First Order Upwind

Ledlefleflel

Turbulent Dissipation Rate |First Order Upwind

OK | Default| Cancel| Help|
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