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NS a@ Introduction

Lecture Theme:

Fluent requires inputs (solver settings) which determine how the solution is initialized
and calculated. While default settings can be used for many cases, understanding the
role of the most important settings will help to ensure optimal solution convergence.

Emphasis will be placed on convergence, which is critical for the CFD simulation.

Learning Aims:

You will learn:
* How to specify the solver and set the discretization schemes
* How to initialize the solution
* How to monitor and judge solution convergence

Learning Objectives:

You will be able to choose appropriate solver settings for your CFD simulation and be
able to monitor and judge solution convergence
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WSS ANSYS Fluent Workflow

Navigation Pane Guides Basic Workflow
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Solution Procedure Overview

The sketch to the right shows the basic
workflow for any simulation

4

This lecture will cover most items in the chart

Solution parameters

* Choosing the solver

* Discretization schemes
Initialization

Calculate the solution and monitor
convergence

* Monitoring convergence
» Stability
— Setting Under-relaxation
— Setting Courant number
— Setting Pseudo-timestep
* Accelerating convergence

Set the solution parameters
y
Initialize the solution

Y

Enable the solution monitors of interest

Y

Calculate a solution

Modify solution
parameters or grid

Y

Check for convergence 7_

Y

Check for accuracy

A

— Accuracy LSS @
» (Discussed in Lecture 09, "Best Practices for
CFD")
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Choosing a Solver

5

Fluent has two types of solver, pressure-
based and density-based
Pressure-Based is the default and should be
used for most problems

* Handles the range of Mach numbers

from 0 to ~2-3

Density-Based is normally only used for
higher Mach numbers, or for specialized
cases such as capturing interacting shock
waves

=@ Setup General
._...DDD Models Mesh
- §§ Materials | Scale.. || Check ||Report Qualty |

+5 Cell Zone Conditions |

Display... |

+ ..j$ Boundary Conditions

..... & Dynamic Mesh
..... @ Reference Values

Solver
Type

Velocity Formulation

GE' Solution Q) Pressure-Based ) (@) Absolute
+@ Results Density-Based Relative
+-8% Parameters & Customization
Time
@) Steady
Transient
Gravity | Units.... |
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Pressure-Based Solver Inputs

6

Pressure-VeIoaty Coupling needed by Pressure-
Based Solver

Default is SIMPLE

— Good for majority of routine incompressible flow
applications

For compressible flows choose Coupled

— Often referred to as pressure-based coupled
solver, or PBCS

— Also preferred for incompressible flow cases
involving buoyancy or rotation

— Use in place of SIMPLE for any case that has
convergence problems

The other selections are only used in specific
situations

— PISO is normally only used for transient
calculations (Lecture 10)

— SIMPLEC is primarily of academic interest

—-§d Setup
... General

+E’E Models
+ Materials
+-i& Cell Zone Conditions
+j$ Boundary Conditions
B Dynamic Mesh
e & Reference Values
-4 Solution

Y stvion oo

< Solution Controls

i Monitors
.1 Solution Initialization
+-[5] Calculation Activities

o —_/E Run Calculation

+-4@ Results

+ﬁ. Parameters & Customization

g

5olution Methods
Pressure-Velocity Coupling

scheme
[Coup}ed hd

S SIMPLE
~ SIMPLEC -

Pressure

‘ Body Force Weighted - |
Momentum s
‘Seoond COrder Upwind hd | 1
Energy

‘Seoond COrder Upwind hd |

Enabling pressure-based coupled
solver (PBCS)
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NS a@ Under-relaxation Factors

* Implicit under-relaxation factors are used for —
SIMPLE, SIMPLEC, PISO ¢p = Prold + dAPp

— The under-relaxation factor, a, is included to

oge . . =@ Setu i
stabilize the iterative process for the pressure- ... Ll
b d solver 1185 Models Under-Relaxation Factors
ase + Materials Pressure
— The final, converged solution is independent 3t soundars Conatons |03
of the under-relaxation factor - ponmimll rf”“"’
* Only the number of iterations required @%" ) Body Forces
for convergence is dependent -+ R E
+ ':t::IttiZ;slnitialization Momentum
* The default settings are suitable for a £ 0 Cacution At 7
A e '_/" un Calculation Energy
wide range of problems @ Rosults E
+-8% Parameters & Customization ~
— You can reduce the values when necessary (Defout]
— Appropriate settings are best learned Equations...] [Limts...| [Advanced...]
from experience!
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WSS Pressure-Based Coupled Solver Controls

* Two methods are available to control the solution when
using the pressure-based coupled solver - @ sewp

General
+-A9 Models

Solution Controls

Flow Courant Numbe

— Courant number: default =200 et

F-E Cell Zone Conditions

* Can be reduced to 10-50 for problems that are difficult to =% e
converge or for complex physics such as multiphase and %o

. % Solution Methods

combustion 3
'f" Monitors
7 _ Solution Initialization
* In general, lower Courant number values make the - 8 Cotaon et
solution more stable, while higher values allow the 0@ Rosuls

+-fn Parameters & Customization

solution to converge faster
— If the value used is too high, the solution will probably diverge

* As with under-relaxation factors, optimal values can be
somewhat problem dependent and are best learned from
experience

— Pseudo-transient (next slide)

»
» | 200
n Factors

Momentum [ 5

Pressure ‘ 0.5

Under-Relaxation Factors

Density

| 1

Body Forces

| 1

Turbulent Kinetic Energy

|u.s

Turbulent Dissipation Rate

|u.s

Turbulent Viscosity

| 1

|Defaurt|

| Equations... \ \ Limits... | |Advanced... |
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WSSl Pseudo Transient Settings

* Using the Pseudo Transient option with the pressure-
based coupled solver can lead to better convergence

for meshes with high aspect ratio cells

* This option requires inputs for the calculation of the

pseudo time step (see below)

—-§d Setup

General
H-RY Models
;.& Materials

] Dynamic Mesh
g Reference Values
=-§5 Solution

-
& Monitors

| B, Solution Initialization

Solution Controls

.63 Cell Zone Conditions

Solution Methods

Pressure-Velocity Coupling

Scheme

Coupled J

7§ Boundary Conditions

Spatial Discretization

Gradient

|Lea5t Squares Cell Based

Pressure

| Body Force Weighted

Momentum

|Second Order Upwind

1

+Y§] Calculation Activities
[ Turbulent Kinetic Energy

* For internal flows, the default settings of e [Fest orcerUpwand

Run Calculation

i - Parameter Customization Turbulent Dissipation Rate
Automatic and Length Scale Method =

prm—

Pseudo Transient Options

[Fist Order Upwind
Conservative work well in the majority of cases

* For external flows, use Automatic with User-
Specified length scale equal to a characteristic
length of the geometry, e.g. airfoil chord length

* More details can be found in the Appendix

Fluid Time Scale

Time Step Method

User Specified
@) Automatic

% | Default |

eeeeeee

Automatic

Number of Iterations Reporting Interval
‘ 200 1

Profie Update Interval
1

[«F] Wb

[ Data Fie Quantites...

[ Calculate
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WS Spatial Discretization Settings

* Use of the default settings for spatial discretization
is recommended for most cases
— For natural convection problems, where gravity has

been activated, the pressure discretization must be
changed to PRESTO! or Body-Force Weighted

—|-@E Setup
..... General
_i_..unn Models
+ Materials
+-5 Cell Zone Conditions
+j: Boundary Conditions

i g Dynamic Mesh

—{5 Solution

i Solution Controls

o -[E] Menitors

f"'jt=0 Solution Initialization
-5 Calculation Activities
o —,} Run Calculation

+-@ Results

-8 Parameters & Customization

Solution Methods
Pressure-Velocity Coupling

Scheme
|SIMPLE |

Spatial Discretization

Gradient

| Least Squares Cell Based ~ |
Pressure

|Second Order ~ |
Momentum

|Second Order Upwind ~ |
Turbulent Kinetic Energy

|Fir5t Order Upwind W |
Turbulent Dissipation Rate

|Fir5t Order Upwind - |

Non-Tterative Time Advancement
Frozen Flux Formulation

Pseudo Transient

High Order Term Relaxation | Options... |

| Default |
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LWVSN'A  Initialization

11

Fluent requires that all solution variables be initialized before starting iterations

— Basically this means that in every individual cell in the mesh a value must be assigned for every
solution variable to serve as an initial guess for the solution

— A realistic initial guess improves solution stability and accelerates convergence
— In some cases a poor initial guess may cause the solver to fail during the first few iterations

*

5 initialization methods are available *
— Hybrid initialization (default)

* Use this for most cases
— FMG initialization

* Provides a more realistic initial guess, but the initialization process takes much longer than
other methods

* Can be especially beneficial for compressible flows and rotating machinery
— Standard initialization
— Patch values

— Starting from a previous solution ** Specific details of each method can be found in Appendix

> Introduction >  Solver Settings > Initialization & Solution»  Convergence »  Summary >
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Comparison of Initialization Methods

[1: Mesh - 1: Contours of Velocty Magi 1: Contours of Velocty Mag! 1: Contours of Velocty Magi 1: Contours of Velocty Magi

Contours of Velocity Magndude {mis)

Mesh Contours of Velocity Magndude {mis) Contours of Velocity Magniude (mis) Contours of Velacity Magnitude mis)

Initial mesh before Standard Initialization: Hybrid Initialization: FMG Initialization: Final converged
solving solution
All cells have the same Slightly more realistic = Much more realistic
value non-uniform initial non-uniform initial
guess guess, however takes

longer to generate

In general, the closer the initial guess is to the final solution,
the fewer iterations will be needed to reach convergence.
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Run Calculation

- : 5@ Seuwp i
Ia Setup Run Calculation o onern Run Calculation
E General i} 59 Models Check Case... Preview Mesh Motion
+-88 Models | Check Case... | Preview Mesh Motion & Materials Time Stepping Method Time Step Size ()
+ Materials +5 Cell Zone Conditions |FIX€d—V| 001
i Number of Tterati Reporting Interval #J Boundary ¢ €
Cell Zone Conditions umper of lterations £porting Interva 1 CatHine
+5 E‘ E‘ B Dynamic Mesh =ettngs Number of Time Steps
+l£ Boundary Conditions 200 = ‘ 1 = .. Reference Values 250
; - : 9]
i # Dynamic Mesh =@ Solution .
&) Profie Update Interval ..@p Solution Methods Ontions
@ Reference Values 1 E‘ ... Solution Controls Extrapolate Vari
_@ Solution E‘ - [E] Monitors Data SamplingAor Time Statistics
i - ..B__ Solution Initialization
Solution Methods - - {0
%3 . | Data File Quantities... | Acoustic Signals ].5] Calculation Activities 2 e ming Optons
| Solution Controls ,/, pro— > | (2P PO
+-[E) Monitors #-@ Results d

-;—--ﬁ. Parameters & Customization

Calculate

ax Iterations/Time Step  Reporting Interval
‘20 B |1

4[]

@R : Help Profile Update Interval =
4 esu ’17 =
+-f% Parapfieters & Customization Steady State =
Data File Quantities... Acoustic Signals

] Transient
* Number of iterations solution will run

* Continues from current solution * Time step size and number of time steps
* Solution will stop sooner if convergence monitor solution will run
checks are met * Continues from current solution
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WS Convergence

* The solver must perform enough iterations
to achieve a converged solution B AN W\

* At convergence, the following should be
satisfied:

— All discrete conservation equations
(momentum, energy, etc.) are obeyed in all
cells to a specified tolerance (Residual).

* The residual measures the imbalance of the
current numerical solution and is related to
but NOT EQUAL to the numerical error.

— Overall mass, momentum, energy, and scalar
balances are achieved

— Target quantities reach constant values
* Integral: e.g. Pressure drop
* Local: e.g. Velocity at specified position

Residuals

v

Vv
Isentropic Efficiency

Iferation Numbér

> Introduction >  Solver Settings > Initialization & Solution > ~ Convergence ~ »  Summary
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WS Convergence

* Monitoring convergence using residual history

— Generally, a decrease in residuals by three orders of magnitude can be a sign of
convergence

— Scaled energy residual should decrease to 10 (for the pressure-based solver)
— Scaled species residual may need to decrease to 10~ to achieve species balance

* Best practice is to also monitor quantitative variables to decide
convergence

— Ensure that overall mass/heat/species conservation is satisfied
— Monitor other relevant key variables/physical quantities for confirmation

* The use of one or more monitors like this is strongly recommended for all
simulations

> Introduction >  Solver Settings > Initialization & Solution > ~ Convergence ~ »  Summary
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WSl Convergence Monitors — Residuals

* Residual plots show when the residual values - sew Monitors

B General

have reached the specified tolerance 4.6 Modes

et

3 and Force Monitors
- Print,

+ Materials Plot
— It is possible to modify or disable the default ;E' Cell Zone Conditons
. . . +-J& Boundary Conditions
checking criterion for convergence @] oynamic Mesh
. ] -4 Reference Values
* Prevents calculation being stopped prematurely _..q@;;)u:ji?onmm ) = (Do
Terat _E Residual -’ Solution Controls Surface Monijors
oo All equations [—zmnu
] velooi - Sol= =
1e-04 o CO nve rged —E—Ve:ocig i |‘t'—|_||] ca Ell?esmual Monitars v @
] energy . Options Equations
renz —k T Ru 7] Print to Console Residual Monitor Check Convergence Absolute Criteria

] - Resul | 7] piot continuity v 0.001
10'3 ey MR epegee e +-dp Parar | Window x-velocity v 0.001 i
] y-velocity 7 0.001
1e-04 - Iterations to Plot
] 1000 (=] z-velocity v 0.001
= L

Residual Values Convergence Criterion
Iterations to Store Normalize \absdute—vl
1000 [=) ’75 o
V| Scale
Compute Local Scale

1e-05 -

10'6 qeoa-r;

1e-07

a a0 100 150 200 250 300 350

lterations | OK ‘ | Plot | |Ren0rmarze| | Cancel | | Help |
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ANSYS Checking Overall Flux Conservation

* The net flux imbalance (shown in the GUI as Net Results) should be less
than 1% of the smallest flux through the domain boundary

= Setup

- General

[+-B5 Models

[+ & Materials

[+ Cell Zone Conditions
Eﬂ"i: Boundary Conditions
E Dynamic Mesh

-4 Reference Values
[+-§5 Solution

- Results

CD Graphics

[+-EL] Animations

B Plots
B@ Reports
--g;b Discrete Phase

~g» Projected Areas

= &3> Surface Integrals

Reports

Reports
Forces
Projected Areas
Surface Integrals
Volume Integrals
Discrete Phase:
Sample
Histogram
Summary
Heat Exchanger - Unavailable

@ Flux Reports @
Options Boundaries (2] (=] Results
(@) Mass Flow Rate interface-duct - ~

Total Heat Transfer Rate
|| Radiation Heat Transfer Rate

interface-holel

interface-hole2

interior-19
Boundary T E] E] interior-5
XS Ty ypes ‘ interior-fluid-duct
interior-fluid-pipe
;xnhaust—fan = || |interior-fluid-rotating
- B pressure-outlet-7
inlet-vent

Boundary Name Pattern

[save output Parameter...

m
m

-0.374208431157141

0.124737492794206¢
0.249476737607494<

—
—

’Compute] ’Wr‘rte... ] ’ Close ] m

Net Results (kg/s)

5.799245e-06

g Volume Integrals N > 4
o [ [set Up...| [ Parameters...|
gy FOrces
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NS @ Convergence Monitors — Forces and Surfaces

* In addition to residuals, you canalso 7. o I
monitor: - \
— Lift, drag and moment coefficients [ Lo
— Relevant variables or functions (e.g. s _ amen | \/\
surface integrals) at a boundary or any it \
defined surface — T
* These additional monitored Do C M T
guantities are important convergence
indicators ‘@ o @‘
— The use of one or more of this type of l :

solution monitor is strongly
recommended for all calculations

* These monitors can also be used to

determine when iterations stop ——
(details in Appendix) ——T

> Introduction >  Solver Settings > Initialization & Solution» ~ Convergence » Summary >
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Convergence Difficulties

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

— Exhibited as increasing (diverging) or “stuck” residuals
Diverging residuals imply increasing imbalance in conservation equations

19

T

Unconverged results are very misleading!

roubleshooting

Ensure that the problem is well-posed

Compute an initial solution using a

first-order discretization scheme

For the pressure-based solver, decrease

underrelaxation factors for equations

having convergence problems

For the density-based solver, reduce

the Courant number

Remesh or refine cells which have large

aspect ratio or large skewness.

 Remember that you cannot improve
cell skewness by using mesh adaption!

Razidual 2

—oantinuity
—a-valooity
y-walooity
—k

apzilan

[ anargy

latld 3
latl3 S
latlz2 H
latll —
la+ll -
la-01 é
la-02 4
la-03 5

la-04 o

Continuity equation convergence
trouble affects convergence of
all equations.

la-05

10 20 a0 40 J=11] Bl 7l al B0 100
lterations

2
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W48 Accelerating Convergence

* Convergence can be accelerated by:
— Supplying better initial conditions
» Starting from a previous solution (using file/interpolation when necessary)

— Gradually increasing under-relaxation factors or Courant number

* Excessively high values can lead to solution instability and convergence
problems

* You should always save case and data files before continuing iterations
— Starting with a good quality mesh with appropriate mesh resolution

* The orthogonal quality reported in Mesh > Info > Quality should have a
minimum value of 0.1 and an average value that is much higher

> Introduction >  Solver Settings > Initialization & Solution > ~ Convergence ~ »  Summary
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WS4l Convergence vs Accuracy

* A converged solution is not necessarily an accurate solution

® Accuracy depends on:
— Order of the discretization schemes (2" order schemes are recommended)
— Mesh resolution
— Boundary Conditions
— Model limitations
— Geometry simplifications
— Precision of the solver (2d/3d or 2ddp/3ddp)

> Introduction >  Solver Settings > Initialization & Solution» ~ Convergence » Summary >
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NWSHSE Summary

e All CFD simulations utilize the same basic solution procedure
— Choose the solver & solution parameters

— Define solution monitors for important "target quantities" such as mass flow rate, drag, pressure
drop, heat flux, ....

— Initialize the solution
— Calculate until you get a converged solution

* Use solution monitors for judging convergence
— Residual monitors are also useful

— Be sure to check flux reports for mass and energy
— The imbalance should be less than 1% of the throughput

> Introduction >  Solver Settings > Initialization & Solution» ~ Convergence ~»  Summary >
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Appendix
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WSS Available Solvers

e There are two kinds of solvers available in Fluent

® Pressure based

e Density based

24 © 2015 ANSYS, Inc. February 13,

Pressure-Based Density-Based
Segregated Coupled Coupled Implicit Coupled-Explicit
Solve U-Momentum
Solve V-Momentum S Solve Mass, Solve Mass,
plieliids Momentum Momentum
Solve W-Momentum ’ :
& Momentum Energy, Energy,
Solve Continuity; Species Species
Update Velocity
= %
'
Solve Energy <
v
Solve Species
3
Solve Turbulence Equation(s) [¢———
>

Solve Other Transport Equations as required
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Pressure-based Solver (PBS)

25

The pressure-based solvers

Pressure-Based

— Velocity field is obtained from the momentum
equation

— Mass conservation (continuity) is achieved by
solving a pressure correction equation

* Pressure-velocity coupling algorithms are derived by
reformatting the continuity equation

* The pressure equation is derived in such a way that
the velocity field, corrected by the pressure, satisfies
continuity

— Energy equation (where appropriate) is solved
sequentially

— Additional scalar equations are also solved in a
segregated (sequential) fashion

© 2015 ANSYS, Inc. February 13, 2015 ANSYS Confidential

Segregated Coupled
Solve U-Momentum
Solve V-Momentum
Solve Mass
Solve W-Momentum & Momentum
Solve Continuity;
Update Velocity
¥
» Solve Energy
v
Solve Species
3

Solve Turbulence Equation(s)

-

Solve Other Transport Equations as required




Density-based Solver (DBS)

* Density-based Solver (DBS) Density-Based

Coupled Implicit Coupled-Explicit

— The governing equations of continuity,

momentum, and (where appropriate) energy Solve Mass Solve Mass

and species transport are solved Momentum, Momentum,

simultaneously (i.e., coupled together) Energy, Energy,
Species Species

— Additional scalar equations are solved in a

segregated fashion =ﬁ
g

— The density-based solver can be run implicit or

explicit Solve Turbulence Equation(s) |
~
Solve Other Transport Equations as required
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YT @ Using the Pseudo-transient Solution Method

* Solution Method panel I ——
Select Pseudo Transient [ Odeme..

Pseudo Transient Options

Fluid Time Scale
Time Step Method Timescale Factor

* Run Calculation panel et | [F

— Select Time step method

27

@ Automatic

Length Scale Method Verbosity
Aggressive v| |El

El0]

Automatic (default)
User Specified

Mumber of Iterations Reporting Interval
| 250 = | 1 =

= =

Profile Update Interval
1

[

For Automatic

© 2015 ANSYS, Inc.

Select Length Scale Method (time=length/velocity) = |

— Aggressive : Max (Lo s Lvoi) | L El
— Conservative: Min(L,,,L,,) nterna 2
—  User Specified }+ External Flow

Conservative setting is the default

Specify “Time Step Scaling factor”: additional user control to scale
automatic method

February 13, 2015 ANSYS Confidential
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FYY S @ Pressure-Based Coupled Solver: Convergence

* Pressure based coupled solver with default settings

Rotating propeller 1500 rpm SIMPLE: ~2250 iterations Coupled: ~120 iterations
/ 4 Rn.n.: ll::ll E,
‘ tedl MRy | EHO0
/,. o35 :-velnclty = g \\
le-02 \\_\\ le-02 ‘.\ y
1e-03 4 o= le-03 <
le-D4 e \NRNN le-04 \ A=
S A
Le-05 e Le-05 = =
1e-08 \\ - Le-08 =
le-07 s le-07 —
le-08 le-08 B =5
le-04 le-08
D 250 500 750 1000 1250 1500 1750 2000 2250 0 200 40 80 80 100
Iterations Iterations

— Approximately 2250 iterations of SIMPLE (default) in 3.5 hours
— Approximately 120 iterations of coupled 13 minutes
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WSS Choosing a Solver — Density Based

* The density-based solver is applicable when there is a strong coupling, or
interdependence, between density, energy, momentum, and/or species

 Density-based Coupled Implicit

— The implicit option is generally preferred over explicit since explicit has a very strict limit on
time scale size (CFL constraint) as implicit does not have

— Examples: High speed compressible flow with combustion, hypersonic flows, shock
interactions

 Density-based Coupled Explicit

— The explicit approach is used for cases where the characteristic time scale of the flow is on
the same order as the acoustic time scale

— Example: propagation of high-Mach shock waves, shock tube problem
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XY@ DBS Iterative Procedure — Courant Number

* A pseudo-transient term is included in the density-based solver even for steady state problems

g =88 Setu .
— The Courant number (CFL) defines the g P Tt
time scale size G rterme 200
Q Q H = Explicit Relaxation Factors
— The pseudo-transient option is available for CAx s o
DBS as We” as PBS. 4 At _—_— Pressure‘g.5
* For density-based explicit solver: | S .
'f" .| Monitors eteston DE‘HSW
— Stability constraints impose a maximum limit £ o cucamron e K
on the Courant number (<2) | g 2 mcacten TTWMS
+§:g Parameters & Customization -
* For density-based implicit solver: [;TS“'E”‘“‘”E“E”W
— The Courant number is theoretically not limited I;fi;“'mw&smtmmte
by stability constraints et vcosty
» Default value is 5 K g
— (can be reduced for start up to 0.1-2) | Defautt|
— Values of 100 — 1000 are common in external aero |Euations| |Linds) |édvancer.,|

— Solution steering can be used to automatically adjust the Courant number as the solution iterates such that
it has an optimal value at all stages of the calculation

* See Workshop 04 “Fluid flow around the NACA0012 Airfoil”.
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WS PBS - Interpolation Methods for Pressure

* Interpolation is required for calculating cell-face pressures in order to compute pressure gradient (Gauss

method):
— Area Value (e.g. Pressure) computed here
z : I:)face Aface Vector . ]
VP — face / But solver must estimate the value at each face in
- N order to compute pressure gradient (Gauss method
Vol | pute p g ( )

— 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)

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

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

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

— Body Force Weighted — Use when body forces are large, e.g., high Ra natural convection or
highly swirling flows
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WSSl Discretization (Interpolation Methods)

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

32

0 (p¢) Niaces
—e D PrVroys - As

f

cell

Interpolation schemes for the convection term:

N faces

— Z Co Vs - A + 5S¢ Vel
f

— First-Order Upwind — Easiest to converge, only first-order accurate

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

— 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

— 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.

— Quadratic Upwind Interpolation (QUICK) — Applies to quad/hex and hybrid meshes, useful for rotating/swirling

flows, 3rd-order accurate on uniform Quad mesh
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WSS Effects of Discretization Theory

Flow is misaligned with mesh

RG _ .
G = oo+ BV @y edry 7

15t-Order Upwind

Scheme, B =0 |‘:
* If B = 0 we get the 1%-Order-Upwind convection scheme, i.e. no —
correction 2M-Order wmn | -
— This is robust but only first order accurate Scheme, - 1993l
— Sometimes useful for initial runs B=1.00 N
I.

—0.782

* If B =1 we get the 2"?-Order-Upwind Scheme
— Additional Limiters must be added to guarantee the solution to be QUICK scalar

(sym?1) I

bounded << 1.000
(9cobr<tcr) scheme  |B
* The QUICK scheme “maximizes” 3 throughout the flow domain B
while keeping the solution bounded ~o.750] I
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WSSl Discretization (Interpolation Methods)

 Interpolation schemes for the diffusive term:

0 ( ,O ¢) Niaces Niaces
Veell + D prVrdr-Ar=| D ToVays-Arlt SpVeen
f f

— Always central-differenced & 2" order accuracy

34 © 2015 ANSYS, Inc. February 13, 2015 ANSYS Confidential



Interpolation Methods (Gradients)

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

Ce” based/ Least—SquareS
N N
a (p¢) faces faces

Vce|]T+ Z pr*Af = Z u@ Af+ Sy Veal A

7 F o/ \.*
P¢ =Peo + P ¢co'dT‘g

* The gradients of solution variables at cell centers can be determined using three

approaches:

— Green-Gauss Cell-Based — Good, but solution may have false diffusion (smearing of the \I/
solution fields)

— Green-Gauss Node-Based — More accurate; minimizes false diffusion; (strongly vj
recommended for tri/tet and hybrid meshes) a ™’

— Least-Squares Cell-Based — The default method. Less expensive to compute than Y e
Node-Based gradients. Slightly more expensive than Cell-Based gradients. However, I I

exactly reconstruct linear field on highly skewed or distorted meshes. (appropriate for
any kind of meshes) Node-Based
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WS Case Check

- Cas.e Check is a utility in Fluent £ Setup A
which searches for common setup [/ Solution S —
il o " @ Solton Methacs |
errors and InCOHSIStenCIES ..... #. Solution Controls —
. . ] . [ Monitors Number of Iterations ~ Reporting Interval
— Provides guidance in selecting + :Dlu:mmma”mmn 200 olp 8
case parameters and models 13-4 Calculation Activities — =

Profiles | Indate Interval

- = [EY case Check
_@ Results Mesh | Models| Boundaries and Cell Zones | Materials Solver |
+C‘:] Graphic Automatic Implementation
. . H-FT] Animati
* Tabbed sections contain :E biote | || AP Recommendaton B
. . ; /|| Assign LSQ cel-based gradient reconstruction. | [?|
recommendations which the i) & Report; (Soluton ethod)
. -8 Paramete
user can apply or lgnore Manual Implementation

Recommendation

Consider using higher order discretization for improved accuracy of the final solution. First order |7|
discretization may be used in the initial solution. o
(Solution Methods)

|Apply| [Ciose] | Help |
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XY@ DBS Iterative Procedure - Solution Steering

* Objective:

37

Provide an expert system that will
navigate the solution from the difficult
initial starting solution to a converged
solution with minimum user
intervention and tweaking

. Particularlg useful for high speed
compressible flows

Activating Solution Steering:

Set up your case the normal way

Perform initialization (i.e. typically from
flow inlets)

Activate Solution Steering

Select type of flow that best
characterizes the problem

* incompressible, subsonic, transonic,
supersonic , hypersonic flows

Start iterating

© 2015 ANSYS, Inc. February 13, 2015

Run Calculation

Check Case. .. ]

Mumber of Ikerations

| 1000 ]
[=]

Praofile Update Inkerwval

|1 [=]
[*]

Solution Steering

Flowe Tvpe
subsonic w

First ko Higher Order Blendi

100 % ¢

First Order

More Setkings...

[ Calculate ]

ANSYS Confidential

CFL~

Blending Factor - Stage-1
b, =+ (1-)B(V$edr)

CFL=200

CFL Update — Stage 2

100 Iteraﬁgns 300 400
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SYS

Standard Initialization

— Generally the user selects an inlet boundary
under “Compute from” to automatically fill
the initialization values with the values that

Standard Initialization and Patch Values

° Pat_ch valqes for i_ndiviqual
variables in certain regions
— Free jet flows (high velocity for jet)

— Combustion problems (high temperature
region to initialize reaction)

are specified at the inlet boundary — Cell registers (created by marking the

o soun ot Iitaleaton cells in the Adaption panel) can be used
e o et for patching values into various regions
B o Py E— of the domain.

(& Cell Zone Conditions
% Boundary Conditions
2 Dynamic Mesh

4 Reference Values
=I5 Solution

% Solution Methods

o7 Solution Controls
-[E] Monitors

LM
-] Calculation Activities
=/ Run Calculation
=@ Results

@ Graphics
[T Animations
-, Plots

- Reports
# Parameters & Customization

© 2015 ANSYS, Inc.

Q! standard Initialization

Compute from

— Multiphase flows (patch different phase volume

: h fractions in one or more reglons)

al-zones

wall_board_bottom E Sl @
wal_board_side =1 =] [=]
wall_right Value (c) Zones to Patch =] (Bl [=]
wal_top Cell Zone | 1000 ifluid

wal_left solid_board

outlet Use Field Function | |[olid_heatsink

wall_heat_source
wall_heatsource-heatsink
wal_board
wal_board-heatsource
wal_heat_sink
wal_heat_sink-shadow
wall_board-heatsource-shadow
wal_board-shadow
wall_heatsource-heatsink-shadow
w‘a\Lh eat_source-shadow

Turbulent Kinetic Energy (m2/s2)

‘ 1

Turbulent Dissipation Rate (m2/s3)

‘ 1

\ Initialize H Reset H Patch... |

February 13, 2015

Variable

Pressure
¥ Velodity
¥ Velodity
Z Velodity

Registers to Patch (=] 5] 2

Turbulent Kinetic Energy
Specific Dissipation Rate

|patch | [Close | | Help |
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WA Hybrid Initialization

* The default initialization method 1 §@ Setup Solution Initialization
General
a3 Models Initialization Methods

* This provides a quick approximation of the ) materis ® Hybrid Inkiakemtion
fIOW field’ by a Collection Of methodS. +@ Cell Zone Conditions Standard Initialization

+ ..ﬂ: Boundary Conditions

B Dynamic Mesh QVMJFE Settings;u) Initialize
B

* |t solves Laplace's equation to determine the @ rererence vaues (Patch.||
velocity and pressure fields. ‘"ﬁ%_g";'::;?ommm
o Solution Controls @Hy‘bﬁd Initialization @
+ Maonitors |_|— General Settings | Turbulence Settings| Species Settings |
o i Number of Trerat B
] 1[5 Calculation Activities Lmber offterations | 10 'f
* All other variables, such as temperature, "4 Run Catcuttion T
. . Scalar Equation-0 ’17
turbulence, species mass fractions, volume b
. A ! Scalar Equation-1 | 1
fractions, etc., will be automatically patched —
based on domain averaged values or a © Raate o c one
particular interpolation method. Intebzation Optons
Use Specified Initial Pressure on Inlets
Use External-Aero Favorable Settings
Maintain Constant Velocity Magnitude
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WSS FMG Initialization

* Full Multigrid (FMG) Initialization
— Can be used to create a better initialization of the flow field

* FMG Initialization is useful for complex flow problems involving large pressure and velocity
gradients on large meshes

— FMG uses the Full Approximation Storage (FAS) Multigrid method to solve the flow problem
on a sequence of coarser meshes

* Euler equations are solved with first-order accuracy on the coarse-level meshes

* To enable FMG initialization, execute the TUl command
/solve/init/fmg-initialization

» Settings can be accessed by the TUI command
/solve/init/set-fmg-initialization
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WS Starting from a Previous Solution

41

A previously calculated solution can be
used as an initial condition when
changes are made to the case setup

— Use solution interpolation to initialize a run
(especially useful for starting fine-mesh
cases when coarse-mesh solutions are
available)

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

Interpolate. ..

&N Mesh  Define  Solve

Read

\Write 4
Impork 3
Export 3

Export to CFD-Post. ..

VIappIng

Sawe Picture. ..

Data File Quantities. ..
Batch Options. ..
R5F...

Exit

B interpolate Data @
Options Fields BIE
Read and Interpolate Pressure
@) Write Data ER—
|| Turbulent Dissipation Rate
Cell Zones E][=]
X Velocity
Y Velocity
Z Velocity
V| Binary File

[write...| | Close | | Help |

Actual Problem

Initial Condition

Sometimes solving a simplified version

Heat Transfer

Isothermal

of the problem first will provide a good

Natural convection

Low Rayleigh number

initial guess for the real problem ——

Combustion / reacting flow

Cold flow (no combustion)

Turbulence

Inviscid (Euler) solution
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Monitors

Residuals, Statistic and Force Monitors

Residuals - Print, Plot
Statistic - Off

Create v | | Edit... | | Delete

Surface Monitors

4 1 »

Create... | | Edit... | | Delete

Volume Monitors

vol-mon-1 - Volume Integral, Static Pressure, Print

4 111 3

Create... | | Edit... | | Delete

Convergence Monitors

Convergence Manager...

Help

© 2015 ANSYS, Inc.

Y@ Monitors as Convergence Criteria

Use monitors to determine solution convergence
— Lift and drag monitors, for example
— Use with or without residual monitors

Stop criterion based on solution monitor ‘residual’, which is

defined as

— Res-m(1)=abs[m(n)-m(n-1)]/m(n)
— where m(n) = monitor value at iteration number ‘n’

Solution will be stopped when ‘residual’ is less than the stop

criterion over specified number of previous iterations

E Convergence Manager

=

Active Monitor Name

Stop Criterion Initial Iterations to Ignore Previous Iterations to Consider Print :

@) All Conditions are Met
Any Condition is Met

i

v ‘ monitor-1 ‘ .0005 ‘ 50 % ‘ 20 % v
4 ‘ vol-mon-1 ‘ .002 | 50 % | 20 g 718
Choose Condition Every Iteration

[

| OK | |Cance|| | Help |

February 13, 2015
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If solution monitors indicate that the solution
is converged, but the solution is still changing
or has a large mass/heat imbalance, this
clearly indicates the solution is not yet
converged

In such a case, you need to:

— Reduce values of Convergence Criteria or disable
Check Convergence in the Residual Monitors
panel

— Continue iterations until the solution converges

Selecting None under Convergence Criterion
disables convergence checking for all
equations

© 2015 ANSYS, Inc. February 13, 2015

WSSl Tightening the Convergence Tolerance

E Residual Monitors
Options
| Print to Console
| Plat
Window

1 :%: |Curves... || AXES... |

Iterations to Plot

1000 &
=

Iterations to Store

1000 :_I

4l[r

Equations
Residual Manitor Check Convergence Absolute Criteria -
continuity v J le-5
w-velodty 7 i 0.001
y-velodty v v 0.001
Z-velodty v ] 0.001
Residual Values Convergence Criterion
i} none
| Scale

Compute Local Scale

OK

Plat | |Ren0rmalize| | Cancel | | Help |
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Autosave

* The solution can be saved at regular intervals during the
calculation using the Autosave menu, which is accessed
through the Calculation Activities menu panel
— This can be helpful in situations where convergence difficulties

are encountered, because it makes it possible to return to an
earlier point in the calculation

NANSYS

— Keeping a large number of Autosave files can use a large amount

of disk space, therefore in most cases, it is recommended to use
the option to retain only the most recent files

=1 Setup |
[ General Calculation Activities

+-gS Models

+ Materials

+5 Cell Zone Conditions

Autosave Every (Iterations)

| 1000 2 (edt..)

+ j: Boundary Conditions
a Dynamic Mesh

—§3 Solution
@ Solution Methods

g Solution Controls

+ Monitors

-B,_, Solution Initialization

>

—_/‘5 Run Calculation

@ Results

+§ﬁa Parameters & Customization

Create - Edit Delete

February 13, 2015 ANSYS Confidential

E Autosave

Save Data File Every (Iterations) [1gon (=
(=)

| Data File Quantities... |

Save Assocated Case Files
@ Only if Modified
Each Time
File Storage Options

| Retain Only the Most Recent Files
Maximum Mumber of Data Files | 5 (]

E3]

Only Assocated Case Files are Retained

File Mame

| D:'backedupFluentCases \Example 1'e; | Browse... |

| (0]4 | |Cancel| |HE||:| |




Grid Adaption

* Grid adaption adds more cells where needed to resolve the [Ecccr acapion =

flow field without the pre-processor optons Method Gradents of

| Refine @) Curvature | |Velocity... -

* Adaption proceeds in three steps: e et 200 || © e }Vebc‘rtyMagn'rtude -:

- !ylarl_< ceILs satisfying the adaption criteria and store them in a e e —— |M'2”_3818453707 ng‘”g”%

register ‘MB%@H @ S
- Display and modify the register e sce |C§ar53” et rf';f et
— Click on Adapt to adapt the cells listed in the register Dynamic
| ] Dynamic Refine Threshold should be set to 10% of

[k el s el e LD IOl e the value reported in the Max field.

— Gradients or iso-values of all variables 2

— All cells on a boundary adapt | [ Mark | [Compute] [ Apply | [ Cose | [ Hep ]

— All cells in a region with a defined shape 3 anage Adaption Regrsers =]

— Cell volumes or volume changes Register Actions _ Registers @3 Regster Info

— y+in cells adjacent to walls || (crange 1y ‘i;d‘]:‘:“
* To assist adaption process, you can: L Docte | ‘E,;”;; Always sa\./e case

— Combine adaption registers M‘ar:zt%l and data files

— Draw contours of adaption function B prior to adapting

— Display cells marked for adaption C ume | the mesh!

— Limit adaption based on cell size —

and number of cells
[Adept ] [Dsply) (Cose | el |
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WSS Adaption Example — 2D Planar Shell

e Adapt grid in regions of large pressure gradient to better resolve the

46

sudden pressure rise across the shock

SIERER égg&é%ﬁuﬁvﬁéu
IV O A YA av s AVAVA W,
R RO
VO S AV T4 A,
VJ%#&%M%%{%@:@‘
\

"X

A NP

Initial Mesh
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Large pressure gradient indicating a
shock (poor resolution on coarse mesh)

S ey

Pressure Contours on Initial Mesh
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NSl 2D Planar Shell — Solution on Adapted Mesh

* Solution-based mesh adaption allows better resolution of the bow shock
and expansion wave.

Adapted cells in locations of
large pressure gradients

Mesh adaption yields much-improved
resolution of the bow shock.

Ve
AATava%s

AN
\/

AN
CRNAVAAVAY
OO

5¥

% S
Adapted Mesh Pressure Contours on Adapted Mesh
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NS <@ Running Simulations in Parallel

* Serial

* Local Parallel
— Shared Memory

* Distributed Parallel i X/\q
— Distributed Memory |~
A Y |

W
Different communication methods are available (MPICH2, HP MPI, PVM)

— See documentation “When To Use MPI or PVM” for more details, but HP MPI is recommended in most cases
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WSS Running Simulations in Parallel ...

* In the Fluent Launcher you can choose Parallel B Flert Lanches —le =
and set the Parameter ANSYS Fluent Launcher

Dimenzion Optians
2 /| Double Precision
@ 30 teshing Made

Use Job Scheduler

Display Options Uze Remote Linux Nodes

7| Dizplay Mesh After Reading

* If you choose Distributed Memory, you have to T

¥| Workbench Colar Scheme Serial

specify the names of the computers which you P

Solver

Frocesses

want to connect :

GPGPUsz per Machi

Mone %
— i 1 [=] Show Fewer Dptions
You Can SpeCIfy the names dlreCtly GeneraIDptin Scheduler E nviranment
— You can specify a file which contains the names ritcomes VPt P
MPI Types
default Iz‘

Run Types

* For further information see Chapter 34 in User's " Dututettenn o acinter
Guide

oK || Default || Lancel || Help =
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