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 Turbulence: standard k-epsilon, GEKO k-omega e
. C HT /Sclve/j:j:j:llZE/lnlClﬂllZE*flcw

Preparing GPU solver, please wait ...

.
. PO ro u S m e d I a Rank PID Core OS Host Device Name Version Memory(GB) Bandwidth(GB/s) Cores

0 15684 1/48 win6é4 LEBW16FLULBMO3 0/1 Quadro P6000 6.1 24 413.177 3840

0 5 10 15 20 25 30 35 40 45 50
Iterations

¥

Please make sure
1. GPUs installed, which can be checked with nvidia-smi

|
|
|
|
2. Settings supported |
|
|
|

/x cheaper hardware purchase cost and 4x
lower power consumption*

* 1024 core CPU cluster using 9600 W versus 6*V100 server using 2400 W
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Fluent Multi-GPU Solver (Beta) cont.

Strong scaling with parallel efficiency of 80%
on automotive external aerodynamics case

* 105 million cell case, single precision with GEKO, runs on 1 A100
80GB card

~1 iteration per 2 seconds, 20 minutes to converge such a case from initialization

e 1A100 GPU = 640 AMD Milan cores on 5 nodes
e 8 A100 GPUs = 3840 AMD Milan cores on 32 nodes

Normalized Speedup of Car_105M

32.95
26.92

» Parallel efficiency is 80% from 1 to 8 GPUs 18.83

9.90

5.23
1.00 1.07 1.11

Intel AMD AMD 1GPU 2GPUs 4GPUs 6GPUs 8 GPUs
Icelake Rome Milan (A100
80 cores 128 128 80GB)
cores  cores
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Performance for Large Cases With Many Zones

Large improvements in user interface and |/O

performance when 10k’s of zones are present
Mesh Display 73%

Displ p
* Example: Battery case - 24M cells, 32k face zones Contour Display 83%

- Graphics Display Vector Display 80%

- Various command executions Battery test case: 24M cells, 32k face zones
- Bottlenecks removed in display of many dialog boxes Time (s Improvement
21.2 22.1 (seconds) (%)
Time taken to turn on energy 12.72 5.89 6.83 53.67
() E | . C HT — 64 M | I 2 2 k f Time taken to open Turbulence panel and apply change 26.41 16.61 9.8 37.13
Xam p e: ce sl ace zones Time taken to open Battery Model and OK 22476 201.04 23.72 10.55
Time taken to open Fluids material panel and change/create 0.77 0.7 0.07 8.7
= Ca Se read 2X faster COm pared tO 2021 RZ Time taken to open Solids material panel and change/create 0.26 0.22 0.04 14.89
Time taken to open fluid cell zone panel and apply 74.16 64.83 9.33 12.58
. . Time taken to open solid cell zone panel and apply 20.56 12.32 8.24 40.1
 Combined, some scripted case-setup workflows are Time taken to open wall BC panel and apply 048 1467 sg1 284
Time taken to create solid zone surfaces 18.37 17.33 1.04 5.63
Time taken to open mesh object panel 12.86 6.28 6.58 51.14
Time taken to open contour object panel 3.98 0.26 3.72 93.58
Time taken to open vector object panel 7.65 0.21 7.44 97.31
Time taken to open pathline object panel 7.72 4.71 3.01 38.99
Time taken to open particle object panel 0.31 0.28 0.03 7.27
Time taken to open surface area report definition panel 19.69 0.73 18.96 96.3
Time taken to open surface custom vector based flux report definition panel 8.09 0.32 7.77 96.02
Time taken to open surface custome vector weighted avergae report definiti 10.97 0.29 10.68 97.32
Time taken to open surface facet average report definition panel 8.15 0.32 7.83 96.11
Time taken to open surface facet maximum report definition panel 11.92 0.81 11.11 93.19
Time taken to open surface flow rate report definition panel 8.26 0.34 7.92 95.83
Time taken to open surface integral report definition panel 11.34 0.25 11.09 97.8

Y \NnSyYS



Embedded Window and Animation Enhancements

Workflow improvements . I

i Pathlines

 parice yeds | copy
* Embedded Windows Youasores

- Exposure in Outline View context menus T

- Not limited to Reserved windows : EEJLZE?ZZ = .o

- Placeholder frames can be embedded before start of = T e

simulation = fnimalons st 1 oot
- Journal support — L
———— -

- Animation frames not stored by default when using

Storage Uirectory |- _'|

Automatically embed residuals during calculation itonview (o o] (e A
e Animation options e o =
- None option for Storage Type: render periodic o
visualization updates during solution without any o
memory / file use rport e 3t
* Precludes later playback / recording (hew Object _] (£t object.]

0 (o) ()
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View Synchronization

Lock view orientation among multiple

1- Contours of Static Temperature [K]

Pathiines Colored by Statc Temperature [K]

P8
windows for visual comparison 5
* Simultaneously view multiple visualizations ﬁ
. . . ®
from a consistent viewpoint =
* Synchronize all sub-windows, or only selected i L —
sub-windows % Ansys
* Accessible from toolbar icon or graphics ey
window context menu:
Display 4 :q ‘
ﬂ Create 4 oho Z‘E%’X
_" - Save Picture... o ¥
Click to synchronize Add To Report e
all windows Save Display State Video showing viewport synchronization
Synchronize g Start
Synchronize all windows ’
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Mesh Rendering Enhancements 2021 82 |

B8 Mesh Display B8 Mesh Display 2022 R1
New materials for rendering and added oot
flexibility for Mesh Display objects T
* Many new solid materials available for | o
rendering (brick, concrete, etc.)
* Choice of color by ID vs by Type are e
now stored for each Mesh Object ‘ =) pepy st
- Automatic option split into By Type and By e e, NI (savrvipty) (Y (v
Surface (analogous to by ID) PSS — <
- By Type can be used to configure both color (o s B (7o o .
. . interior light yellow iron (stylized)
and material choices o e ron”
o [ —
ir:: : I EEz:mElt?r:zj:eb(?uShewI
white wood (beech mid brown) -
- Manual renamed to Uniform o com mecirr o N E—
.. [y
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Expressions Enhancements

. Expression

Support for User-Defined Surfaces and

| tavg_y200mm

. . . Definition
Porous Region Contribution to Forces

{|StaticTemperature,['plane-24=0.2"]} Functions

Variables

Constants

* User-defined surface(s) can be included in the Location Exprssons_~
for reduction functions (Average, Minimum, etc)

Report Definitions «

Locations

* Porous region contributions to forces L5 |
1 H urren ue. - h *“ (]
- E.g., aero cases with radiators Current Value: 320171 K] 2]

B Expression X

Mame -
Drag

Definition

(['car-window_2'", 'car-window_1', 'car-rr-wheel', 'car-rr-wh-housing', 'car-rr-

Functions -
hub-rotating', 'car-rr-hub-mrf', 'car-roof', 'car-rear', 'car-rad-duct: 106, 'car-rad-

Variabl -
duct', ‘car-pillars', 'car-mirror', 'car-light_Lltsasfruheasl', 'car-fr-wh-housing', 'car- anenes
fr-hub-rotating', 'car-fr-hub-mrf', 'car-bod?", fluid-hxc']). Constants =

Expressions ~

Repart Definitions +
o Tluid-hxc']}

Current Value: 230.337 [N] B =

(00 (cancet) i)
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Miscellaneous Usability Enhancements

Easier access to cell-zone details

including quality statistics

Recordable pathline animations

Right-click = Info on cell zone(s) in Outline
View to print cell quality statistics in console

- FH salid

£ solid-2 (solid, id=2

EH solid-3 (solid, id=2

£ solid-4 (sclid, id=z
|:| Boundary Conditions

Pulsed pathline animations can be saved in
common video formats (MP4, AVI, FLV, MOV, MPEG)

= = writerRe ide
“‘PI HC ptl Curves... .

FH solid-1 (solid, id=2~~""

..0—
[&+ Mesh Interfaces

Cell Zone Name

so0lid-4

s0lid-3

solid-

solid-1

pathlines-1
x Static Temperature
3.53e+02
3.48e+02
3.42e+02
337e+02
3.32e+02
3.26e+02
321e+02
BIEIRR
316e+02
I 311e+02
3.05e+02
3.00e +02
o O [K]
Activ HN w Surf: ‘
I (MP4) |video Op
(close] (e

Info

Copy to Clipboard

Import From File...

Export To File...
ell Count Minimum Crthogonal alit Orthogonal alit
BOB3 035613¢€
6293 32538144
20388 0182542
6322 628726
é’; ﬁh Iﬂ
z y
% ",Q,. g A

Video showing pulsed pathlines
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Exposure of Add-On Modules in Ribbon

Physics User-Defined Solution Results Parallel Design

Easier access to add-on modules from GUI

* Provide access to supported add-
on modules in the ribbon

- Simplifies access
- Includes new defined icons
- TUl is maintained for scripting

* Added compatibility checks of add-
on modules where possible

- Incompatible options are grayed out

Solver Models Materials Zones
| 3 P
[ operating Conditions... *  Radiation.., B vultiphase... A structure... _; M cell Zones
ie l_i_l Energy {1 Heat Exchanger... f]} Species... 1| Acoustics . & E Boundaries
Reference values... —
General... B wiscous... 4 Discrete Phase. ., More l | Creste/Edt.. B profiles...
. . = Eulerian Wall Film...
Outline View < Task Page < é vienan Wall Fim
I} n%u Potential/Li-ion Battery...
e T Models @] & solidifyMet.
- ‘= Ablation...
- Setup Models v aton
@ General Multiphase - off BX i Battery Model...
- @ Models Energy - Off &) MHD Model...
B Muttiphase (off) Viscous - Standard k-e, Standard wall Fn e .
& B (07 Radiation - Off * m Fuel Cell & Electrolysis Model. ..
.2 Energy Heat Exchanger - Off
~. Viscous (Standard k-e, Species - Off . ) P=m Fusl Cell Model.
" Radiation (Off) Discrete Phase - On fl SOFC Model with Unresolved Electrolyte...
| Heat Exchanger [Off) Solidification & Melting - Off ® i Fiber Model...
2, Species (Off) Acoustics - Off i
- Structure - Off Macroscopic Particle Model...
+) 4 Discrete Phase (On) Eulerian wall Film - on ®

& solidification & Melting ( PotentialiLi-ion Battery - Off f Reduced Order Model...

Physics User-Defined Solution Results Parallel Design

Solver Models Materials Zones
.- . ’
= operating Conditions... " Radiation.., B vultiphase... ) structure... + [ cell zones
P i . L
yie |:_| VI Energy |+ Heat Exchanger... f)} Species... 1|l Acoustics & H soundaries
Reference Values... —
General... L2 viscous... 4 Discrete Phase... More _ | Create/Edi.. B profiles...
. . = Eulerian wall Film...
Outline View < Task Page < -] Eé
I} [I%'U Potential/Li-ion Battery...
Filter Text Models ‘Q| L solidify/Melt...
- £ Ablation.
- Setup 2 Models v aten
@ General Multiphase - Off O il Battery Model...
=) @ Models Energy - On £) MHD Model...
B multiphase (off) wiscous - Standard k-e, Standard wall Fn o .
- P Radiation - Off : Fuel Cell & Electrolysis Model...
QD Energy {on) Heat Exchanger - off i
I viscous (Standard k-e, Species - Species Transport N
* Radiation (Off) Discrete Phase - On red Electrolyte...
Heat Exchanger (Off) io\idiﬁtc_atio%ffg Mmelting - Off @]
coustics -
i ]?’ giicrzse(fﬁ:::(sorfnw Structure - Off Macr ic Particle Model...
4 Eulerian Wall Film - On H Reduced Order Modsl...

L Solidification & Melting { PotentialiLi-ion Battery - Off
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New Share Topology Method in Watertight Workflow

Offers potentially faster and more robust method
than Join-Intersect

* New Interface Connect method for Apply Share
Topology task

Connects edges of overlapping face pairs (rather than
intersecting faces like Join-Intersect) which can be faster / more
robust

- Three modes:

* Automatic - Using Connect Topology: use the labels created by SpaceClaim if
the Force Share feature was used.

 Manual: user manually selects the interface labels from the list of available
labels.

* Automatic: automatically separate face zones, identify overlapping faces,
and assign the interface connect labels. Useful when connect topology has
not been utilized in SpaceClaim or if the mesh was obtained from another
source.
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Fault-Tolerant Meshing Part Replacement

Efficiently add, remove or replace geometry
objects of your CAD model without having to
re-mesh the complete model

Volume Mesh Level: PTC World car, Replacing the rear spoiler

* Users can replace/add/remove parts of
CAD model

* Two approaches are implemented
which reduces the time to study the
design variation by many times

- Volume-mesh level
- Surface-mesh level

e Supports all mesh types

12 ©2021 ANSYS, Inc. / Confidential
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Blade Row Interface Improvements

Mixing Plane 1

Improved Results and Extended Applications |
for Generalized Turbo Interface (GTI) . Mixing Plane 2

/\ Can now connect to adjacent mixing
planes at 90°

Mixing Plane 3
Can now include the zero-axis location

* Mixing plane formulation improvements

- Consolidation of the two previous methods
(intersection-based and side-based)

- Handles more turbo/rotating machinery geometry
. conlour-entropy
- Improved conservation Entiopy

6.00e+01

- Improved performance on radial machines 5 230101

4 65e+01

4 06e+01
348e+01

* Tip gap interface matching

- Tip gap interface created from within Turbo Create
applies a matching condition

e Avoids extra empty non-overlapping walls

Hannover 4.5 Stage Compressor (animation)
Transient simulation using Pitch Scaled GTI single-

passage per row & periodic-instancing

13 ©2021 ANSYS, Inc. / Confidential



Non-Equilibrium Wet Steam Model

Access to IAPWS97 provides industry
standard steam properties

* Real Gas Property (RGP) tables for wet steam model

- Alternative to the built-in thermodynamic wet steam properties,
using the industry standard IAPWS97
* Same format as used in the CFX real gas model

- Built-in RGP file for steam available:

*  Turn on Turbo mode, turn on wet steam model

* Read RGPfile: file/table-manager/read-rgp-file

* Link the RGP to wet steam model: define/models/multiphase/wet-
steam/set/rgp-tables

* Enhancements to Non-Equilibrium Wet Steam
- Convergence improvements for 2nd-order wet steam model
- Alternate stagnation condition computation available:

* The default method is based on mixture of vapor and liquid droplets

* The alternative is based on vapor gas phase (similar to CFX)

* Accessedvia TUl: define/models/multiphase/wet-steam/set/stagnation- Liquid mass fraction in a stationary cascade of
conditions steam turbine blades

Y \NnSyYS




Aeromechanics: Aerodynamic Damping/Periodic Displacement
[+ G

Usability Improved With New Periodic
Displacement GUI

* Read and set up multiple mode-shape profiles which can be
activated selectively to test aero-damping of different modes

e Simulate a range of 1-way FSI problems
- Traveling Wave Method (TWM) for blade-row aerodamping

NASA Rotor-37

- None option for turbo or non-turbo applications Fluent aerodamping - Fluent & Cix Comparison
comparison to CFX

* E.g. transient simulations using periodic displacements cooe03 8 © CFx

Fluent
5.00E-03

4.00E-03
3.00E-03

2.00E-03

AERODYNAMIC DAMPING FACTOR

1.00E-03

0.00E+00
-18-16-14-12-10 -8 6 -4 -2 0 2 4 6 8 10 12 14 16 18

NODAL DIAMETER

— \nsys
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Blade Film Cooling Model for Gas Turbines

Use Virtual Geometry & Boundary Conditions to Simulate
Turbomachinery Blade Cooling

tours of Static Temperature [K]

* Hole coordinates and parameters are imported
from profile files to create virtual geometry

- Rectangular or circular holes oriented normal-to- - 7.19e+02
surface or along specified direction

: 641e+02[ e

* New Boundary Interface intersects virtual L5 g4e+o/
geometry with boundary surface to form virtual B ogc(0
boundary conditions - 4.68e+02
- Similar to creating conventional mesh interfaces . 4.10e+02
- Overlapped intersection becomes mass-flow-inlet . 3520402

or mass-flow-outlet L N 0 946402
- Non-overlapped intersection retains underlying . 2366402

surface settings
- 1.78e+02

* Requires Turbo Models to be turned on - 1.20e+02

Cooling hole Trailing edge slots  Platform leakage

— \nsys
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Turbo Workflow

Quickly set up turbomachinery flow problems

and instrument primary performance
parameters and post processing

Guided task-based approach

Eliminates repeated user inputs and minimize user error during
setup

Supports reverting and editing the setup

Features:

Setup for Axial/Radial Compressors & Turbines
Can read multiple mesh files (.msh, .def, .gtm)
Copy, rotate, and stitch fluid zones

Turbo coordinates for turbo post processing
Performance monitors

Domain

i EIREINSINO]

Task Pag

General

Mesh




Periodic Instancing

Periodic Instancing

Turbo Model

* Enhanced (and renamed) Periodic  Rruboworkion ) Enabi
Repeats feature '

* Improve post-processing for most
turbomachinery applications

I
B
contour-2
Slatic Pressure

[
contour-2
Static Pressure

L
contour-2
Stalic Pressure
1 1.37e+05

v 137e405 137e+05

1.25e+06 1.25e+06

1.17e405 1.17e+06

[Pa]

- -> Single Repeat _ = Full Wheel Or use the Repeats settings

- Detect surfaces associated with each zone* - Detect surfaces associated with each zone* - Select cell zone and enter the number of repeats
- Sets the view model to single repeat - Sets the view model to full wheel - Positive value: forwarded instancing
- Negative value: backward instancing

*If turbo surface cut spans more than one zone it will be ignored

Y \NnSyYS
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Improved Finite-Rate Chemistry (FRC) Combustion

Improved accuracy for mild combustion and

supersonic combustion

* Reacting flows using the standard
Eddy Dissipation Concept (EDC) for
turbulence-chemistry interaction are
known to over-predict reaction rates
for mild combustion and under-
predict the rates for supersonic
combustion

* The new Partially-Stirred Reactor
(PaSR) model addresses these
weaknesses
- Note that this model uses a partially stirred

reactor concept — it is not just a model for
partially stirred reactor applications

Mild Combustion Validation Case:
Adelaide Jet in Hot Cross Flow with O2 dilution

fuel jet:  CH4/H, 305K
hot co-flow: 1300K
cold air: 294K

Z=30 mm  Z=120 mm
3% Yo, 6% Yo, 9% Yo,
- 2000403 — 2008403 z=120 mm
: { T /\ Z2=120 mm 1806403 T ‘/"\ Z=120 mm 1808403 (‘ “‘
/ | x e A\ ® Exp Data
] / \ 1606403 / ~ | P Lt / i\ P
q‘:\‘."\ [ Exp Data s /, . g “‘\“ #D. 1408401 T .// .\“‘“ — std EDC
wai Y [—sdEDC wa] o\ AR L “{{. O
1.00e+ ~. ’&" \' — PaSR 1.000403 .“). .\ —PaSR . ‘::“ ol ’ \
A00s+02 57’”/“ &\x 8000402 - ) 0\ RN ..\t\
N 1 .’.,“\‘\\ BeUc -
spgr] \g\‘ 6006402 S s 4008402 - O0e ——
400402 \k._ 2008402 .
ey vl ‘. Y 0008400 -+—— —t e
""""""""""""""""" 000 001 002 003 004 005 0.06 0 00 003 00 0
R (m] R{m] R{m]

“Structure of Turbulent Non-Premixed Jet Flames in a Diluted Hot Crossflow”, Proceedings of the
Combustion Institute, Vol. 29, 2002, pp 1147-1154, B. B. Dally, A. N. Karpetis, R. S. Barlow.

Y \NnSyYS



Non-adiabatic Strained FGM Combustion Model

Account for the effect of heat loss and strain on flame speed with the
Non-adiabatic strained FGM model

Lean blow-off test case with propane using the non-adiabatic Cambridge Lean Premixed Burner: Lean Blow Off (LBO) Prediction
strained FGM model. Accounting for high strain is important to
accurately predict the blow-off equivalence ratio

(]
- !
’xff,
-

Unstrained FGM Strained FGM

Starting from a burning solution (above LBO), the mixture fraction is reduced below
the LBO limit. Unstrained FGM shows a sustained flame whereas strained FGM
correctly shows quenching of the flame. Lean conditions are very sensitive to
reduced flame speed at increasing strain rate.

\nsys



Hydrogen Combustion

Validating Fluent for hydrogen combustion

Flame flash back with H, . This also uses the non-
adiabatic strained FGM model, which accounts for flame
cooling in the nozzle and its impact on flame speed.

Swirl stabilized flame validation
(50% H, 50% CH,), confirming the
accuracy of FGM for this application

Flame flash back animation (100% H,)

Temperanre, K

xxxxxx

SMHI-CFD —— " expt SMH1-CFD —— SMHI-CFD —— " expt
Fa— .
SMHI-CFD —— " expt SMH1-CFD —— SMH1-CFD ——

Temperature proflles Vs experiment
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Battery Life Modeling

Physics-based ageing model predicts battery’s

capacity fade from first principles

* A new physics-based battery life model provides deeper
insights into capacity fade

Accounts for ageing effects using fundamental
electrochemistry instead of an empirical model

Captures Solid-Electrolyte Interface (SEl) layer growth and
lithium plating

Compliments the existing empirical battery life model

[\
o

Discharge capacity (Ah)

-

—_
Qo

—_
=2}
T

=t
N

12- \
4160

Cell voltage (

—_
S
)

L
e
o

R
o o
Capacity retention (%

~—]

0 500 1000 1500 2000 2500 3000
Cycle number

4.2 r 1
—Fresh cell
4 —Cycle 1000
— Cycle 2000
3.8 Cycle 3000
3.6F
3.4F
3.2F
3F
2.8}F
2.6F
24

2 4 6 8 10 12 14
Discharge capacity (Ah)

~
(o)
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Battery Reduced Order Models (ROMs)

Streamline training data creation for Ansys
TwinBuilder ROMs

* Ansys TwinBuilder includes LTI and SVD ROMs that provide 3D transient thermal results in seconds
- E.g. battery drive cycle simulations

* Fluent simulations provide the training data to teach the ROMs

* Fluent now includes LTI and SVD ROM tool kits that automate training data creation, greatly reducing
hands-on time to create training data

- ﬁﬁf’ll‘\ﬁﬁlm‘u‘\f‘n‘ll’i ah

[

H’JHUHI!I}II[mui,m
Transient CFD |

SVD ROM (e = HHHH'HH
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Battery Pack Builder Tool

Battery Pack Builder allows you to capture module-to-module variation

* Fluent already has an efficient workflow to simulate individual modules

* The Battery Pack Builder Tool streamlines the workflow to assemble a battery pack by using a cold plate and
copy/paste an existing battery module setup

e Allows analysis of module-to-module variation

Module Cold plate

\nsys
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lcePak > Fluent Workflow for Printed Circuit Boards

Include an IcePak PCB analysis in a Fluent case, for example
LED headlamps and automotive sensor assemblies, where the

complex geometry and/or physics handling of Fluent is needed - = Bl Pcs Mode X
E igﬂ;‘j ‘‘‘‘‘‘‘‘ on = Enard anf‘lguration File
z }(és}i ’ I : | Read...]
* Append a PCB-only *.cas file from IcePak File Dtz
. . board_config.dat
into a Fluent case with other geometry / )
phVSlCS Include Powermap Distribution
* Use Fluent’s Mesh interfaces to connect PCB ) oo-- JC3

to rest of the domain

- Thermal Conductivity
* Use the IcePak board config file* to apply

an accurate PCB thermal conductivity profile s
in Fluent

3.49e+02
3.10e+02
2.71e402

2.33e+02
1.94e+02
1.55e+02
1.16e+02
7.75e+01
3.88e+01

0.006+00
[W/(m K]

*It may be necessary to edit the thread_id in the board_config file to match the correct zone in the full Fluent simulation

Y \NnSyYS
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Transparent Inlet/Outlet Boundaries for Radiation

For cases where an external flow boundary exists through
which energy enters/exits via radiation

* Support for transparent inlet/outlet boundaries with Monte

Carlo and Discrete Ordinates radiation models

- Previously all flow boundaries were treated as opaque

Flow boundary

Transmitted
— |ncident

Direct Irrad

—— Diffuse Irrad

B Pressure Outlet
Zone Name

outlet

Momentum Thermal Radiation

BC Type transparent
BT

Theta [deg] 1 -
Phi [deg] 1

Beam Direction

X1

Yo

Zo

¥ | || Direct Irradiation
[w/m?1 o

Diffuse Irradiation
[w/m 100

l:mn |(I05e | |@|

X

-
Apply Direct Irradiation Parallel to the Beam ‘
v
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Shell Conduction With Non-Conformal Interfaces

| -/ [ Boundary Conditions B wall
| T Interface
Zone Name

Greater meshing flexibility for cases that can benefit from i
shell conduction for insulation layers, heat-shields, etc

+) 3 wall-bottom-fluid (interface, id=12) Heat Flux Wall Thickness [m]| g

+) 3 wall-widget-1 (interface, id=4)

* Multi-layer shell conduction can be enabled on - Jm o

— intf:04-shadow (wall, id=58) —
’ ! shell Conduction i
® g intf07 2 Layers [Edit...|

mesh interface children - camy )

[7] Reference Values

e Otherwise same workflow as conformal | cre

| Methods
I I leSheS ' - Controls
| “=/ Report Definitions
+ & Monitors
@ Cell Registers S
T Automatic Mesh Adaption | CIDSQJ ‘ﬂ'

Example: 5° sector of electric motor stator with = =&z -

coil insulation

Shell Conformal

Shell Non-Conformal

\nsys
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Volume of Fluid (Implicit Formulation)

Elimination of Spurious 2" Phase
Generation with Implicit Formulation

* Addresses unphysical results and associated poor convergence

* Improvements observed for water pumps, high-speed gearboxes, hydraulic components, sharp-

edged-orifices
Fesiduals
::E:‘s::;; Tt Poor convergence E‘%r‘\t:;r rlracton " Spurious Air Phase
v 1000 4 e
- (Y VSN
old P RN | I "\ . 098
formulation | = AU
..... k i AV AN AN AN AN LN 0.08
1e-05 N "\\ \ \ \ \ \ 087
1607 A\ AL LY \\ 098
le-08 \ \\r \j \j \I X 098
20 40 80 80 12 140 160 201
Iterations. 085
No Spurious Air Phase
Pl con towr-1
—— conti volume fraction {oi)
Yo 100
— z-velo 1.00
uuuuu 0.99
-l
0.99
New
- 0.98
formulation
0.98
0.98
0.85
0.95
20 60 100 80
Iteration:

\nsys
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Volume of Fluid (Explicit Formulation)

Vial Fill: inlet boundary condition change from

Better convergence by solving volume velocity to pressure during run time

fraction at end of time-step

* Existing treatment of Explicit VOF solves volume fraction at
the beginning of time-step

* This treatment has certain limitations which do not have
any workaround

- CFL restrictions during first time-step
- Restart issues especially for compressible flow

- Sensitivity on change in flow boundary conditions during run-
time

- Sensitivity on mass transfer cases

0 selected al

* New option to solve VOF at the end of time-step addresses , , ,
.. . Diverges when VOF is solved at the start of time-
many of the above limitations step. Converges when solving at end of time-step

feolve/set/multiphase-numerics/advanced-stability-controls/fequation-order> solve-exp-vof-at-end?
Solve Explicit VOF at the end of time-step? [no] yesl
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Pressure Outlet Boundary Improvements for VOF Unphyscal fluctuations at et with

Pressure Qutlet

Addresses unphysical results that can s
arise in certain surface-tension- e -
dominated and rotational flows : —

Turbeslmess Smooth exit with From
Specification Method Intensity and Viscosity Ratio -' Neighboring CeII

Backflow Turbulent Intensity [%] 5

Backflow Turbulent Viscosity Ratio 10

* New From Neighboring Cell method for
Pressure Specification
- Important for surface tension driven flow, when
drop passes through outlet.

- Can be used when boundary condition is
unknown

* Backflow Direction default method changed
from Normal to Boundary to From
Neighboring cell
- Critical for obtaining correct results in rotating

flows

Incorrect flow field using Normal to Correct flow field using From Neighboring
Boundary for rotating flow Cell for rotating flow

\nsys



Phase-Level UDS and Species Transport Improvements

Eliminated parallel-dependency of zero diffusion boundary condition at
the multiphase interface for UDS and species transport models

Y M {
coity Meg
00 gnitude [ni 0o » “ R _4;__‘7 - 7 _ 3.23e-D4 = o
33e-04 4.63e-104 vy -, ;;\ ' 91e-04
4.80e-04 4.160-04 ! 7"—*\\\\ — Be-04
4.268-04 3.70e-04 ; /I“\\\\\ Be-04
Before 3.73e-04 3.240-04 ‘ yim N E &2
3.20e-04 2.78e-04 ' t Sy 1.94e-04
\ R R
Different results with 267e-14 BA TR RE L
2.13e-04 5 e e 1.858-04 / ; e LY 1.298-04
different partitioning 1.60e-04 SN TNANN—"2200 0.80005
1.076-04 A 9.265-05 AN S R 6.476-05
5.34e-05 ) T T 4.64e-0 ; S R R e
1.58e-07 1.11e-0 B
el oot 1.04e-0
[m ]
Vebooity Megnitude Velooky Magnitude |
ocity Magnitude (i 5.33e-04 5.33e-04
6.3?9*0.4 4.80e-04 - 4.80e-04
: agez: 4.27e-04 2re-q
.2be-
2022 R1 s 3.730-04
. 3.20e-04 3.20e-04 e
Results independent e o
f 9.0 - 2.13e-04 2.13e-04 13e-0
(0] partItIOnIng 1.608-04 1.60e-04 "
1.070-04 1.078-04
LA 5.35e-05 . i
1.58e-0
1.60e-07
Hs L [m/s ] BixS
[m/s ]



Mesh-Insensitive RPI Boiling

B Eoiling Model *®
Interfacial Model Constants
New Non-Local Boundary Field method removes G
apparent conflict of low-y™ for most accurate heat — ‘in e e T T E—
constant * || Edit... | Parameters

Maximum Line Length per Wall Element [m]
0.001

transfer, and high-y™ for RPI boiling

500

Mumber of Points per Line
4

L

 Reduces RPI model mesh-sensitivity below y* < 30

- Calculating sub-cool from wall-adjacent temperature with low
y* meshes can lead to unphysical results or divergence

- Non-Local Boundary Field approach treats wall boiling as a | //

non-local phenomena. Sub-cool temperature and departure Y
diameter are computed along a series of lines extending into
the bulk region with averaging of temperatures at sample

Boiling Model Parameters Quenching Model Correction

2

PrE—

[y
=

- =
N £
‘_‘-l—n-.__‘

Axial Position [m]
=

|
. ,; — y"'=6
pOIntS 08 | y+ =18
. . .re s} Exp.

* User activates model in Boiling Model panel and chooses n
maximum line length and number of points per line "
0

0 0.1 0.2 0.3 0.4 0.5 0.6

Void Fraction [-]

2D Axisymmetric Pipe with Heated Wall, Bartolomej et al
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Tabulated Particle Size Distribution

Mass Fraction versus Diameter

Import tabulated data for injection
size distributions

* For surface and cone injections

» Specify mass and / or number frequency distribution of ;
measured particle sizes

- Either as frequency or cumulative distributions

o2
P}
S

00e+00 1.00e-04 2.00e-04 3.00e-04 4.00e-04

Set Injection Pro Bample-dist-conti " ~ dameter
T 75 [ num-frac fmass-frac Diam
Injection T
".”e.“'t‘.m N;'me e RS 0.029871404 8.39949E-05 8.12819E-06
il Lol il 0.074395037 0.000331542 9.47675E-06
Reference Frame 0.09261217 0.000654137 1.10491E-085 Fame : = E— -
: : : Association of Particle Size Distribution Data ~ bt
global - 0.096133363 0.001076148 1.28823E-05 - =
Particle Type 0.092064168 0.001633392 1.50197E-05 Table Name sample-dist-conti =
Massless (@ Inert () Droplet () Combusting ) Multicompanent Hly 1gIein £:R62379651 Todalibe 0a : :
0.076196363 0.003395719 2.04171E-05 Reference Diameter diam -
Material Diameter Distribution Oxidi 0.06802667 0.0048048 2.38046E-05
anthracite - |tabu|ated - | 0 NENRONATR 0 NNE7O20R0 7 7IRAIE_NR Mumber Fraction from | ---- " Accurmulated
unif I G J \_ _J
E.'|:||_".'|-:|t||l'__| Species L,II"II.OI'I"ﬂ FII_-'.l M 7 f 1:
P ass Fraction from§ mass-frac i Accumulated

v e ey

¥ | rosin-rammler-logarithmic y y

: - - tabulated ¢ . i )
Point Properties | Physical Mode, Sei=hatioe i |

E |_” . lCan-:eI. .Help.
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DPM Usability Improvements

Faster preview of injections
Improvements to particle data export
* Improved injector display performance for all DPM injection types

- Display of vectors representing DPM injections was improved by more than one order of magnitude
- Example: display of 100 injections (Linux, no graphics acceleration):

44 s 3s 15x
Automatic Particle History Data Export AR

* For transient simulations allow export of particle tracks based S

on flow time interval in addition to iteration frequency ClETR s ety F[S][a] e

® CFD-Post L)L) particle variables...
. . . . . ieldview (Mjection-0
- File = Export > During Calculation - Particle History Data ... deiol particle Residence Time
|:E>-<portr-_-cl Particle Varial)les...:
. . Export Data Every| 1 < [Tirne step = | skip| 0 =

* Improved export of 2d particle data to Ensight o g

Browse . Flow Time
default —

- Transformation of axisymmetric particle data into xy-plane
(as is done for CFD-Post) B (concel) (hein)
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Improved Particle Tracking

Significant reduction in DPM solve time

Improved robustness and accuracy in various

scenarios

_ 35
* Performance improvements 0
- Thread lock removal improves core hybrid tracking performance S 5c
- Precompute species option E 20
* Improves performance for combustion cases with all available g 15
tracking approaches and parallel modes £ o
- Further performance options for GTC simulations ES ]

* Barycentric intersections
0

* Timestep adaption of Darmofal and Haimes

* Accuracy and Robustness improvements

Benchmarking with Generic Combustor
Improvement in DPM Solve Time

B Removing Lock
Precomputing Species ‘

128 256 512 J?G 832 960 1024
Number of Cores

- Improved variable interpolation for
* Multiphase models
* Steep gradients within a cell
* Lagrangian wall film particles
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Stochastic Kuhnke Model

Variant of Kuhnke model that considers critical
temperature transition in Selective Catalytic
Reduction (SCR) systems

Twall

* Derived from Kuhnke model with the following \
extensions

- Different regime transition criteria evaporative splash

- Includes stochastiq gffects into the critical S y
temperature transition process

- Introduces evaporative splash regime with the Tow,
“partial evaporation” concept

*  Fraction of the impinging droplets is assumed to completely spread splash
vaporize under certain conditions

- Model is compatible with both Lagrangian and
Eulerian Wall Film models
5 We_ .« We

transition regime
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Eulerian Wall Film Solver Advancement Options

Eulerian Wall Film

Additional EWF advancement options for 71 Eulerian Film Model
transient cases to improve Model Options and Setup Solution Method and Control
Discretization Thickness Control
rObUStness/performance Time Maximurm Thickness [m]
High Order Explicit - 0.01
Continuity Continuity and Momentum Coupling
First Order Upwind - | Coupled Solution

e Multiple film loops per fluid flow time step

. ] ) . ] L M?mentum _ Curvature Smoothing
- Update film equations at an iteration-interval within First Order Upwind =
the fluid time step to accommodate flow variable Energy |
First Order Upwind -
changes
Time Marching and Time Step Control
- Control via "Per Flow Iterations" Per Flow Iterations | [v| Adaptive Time Stepping
30 =i
o Ada ptlve time Stepplng Max Courant Number Initial Sub-Time Steps Reporting Interval
. . . . 0.2 10 o1 -
- Now available for transient flow simulations
Increase Factor Decrease Factor
- User-specified Increase/Decrease Factors provide = 2
better control over solution process (steady and DPM Control |
. DPM per Film Steps Relaxation Factor
transient) 20 1

w

m | Cancel | | Help |
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Fluent Aero Workspace

Dedicated Fluent Workspace for Aerospace
External Aerodynamics Simulations

Fluent Launcher

Meshing ‘

» Streamlined setup and analysis tool for aerospace Solution
CFD

* Workspace has best practices embedded to minimize
need for user to adjust models and settings

- Full access to Fluent features/capabilities when needed

Aero

Solver Settings

Post Processing

v

» Automates the setup of solver settings, post
processing output parameters, tables and charts

Automated

Y \NnSyYS



Fluent Aero Workspace cont.

* Aircraft Component Groups: input conditions and results

- Aid simulation setup and automate specific component
post processing

- Focus user on aircraft components rather

oy e ¢ e s
than CFD boundary conditions N e R
- Freestream or Wind Tunnel type domains s P e
* Python scripting/journal recording = -

* Specialized post-processing

= DP-5: Contours of Static Pressure [Pa]
Rom oteSessiont quick-y
Stanc Pressure

1.13e+05

: = 1.04e+05
—. . —
,:_/ ——— ~_ 9500404
oo / i Y < -y 8.570+04
3 / s x 7.64e+04
Pt / R .

| // ¥ 6.726+04
3 ——
¢ / 3 5.790+04
4.87e+04
3.94e+04
. s . . .

aea 3.01e+04

2.09e+04
[Pa]
Comparison to Experimental Data: Parametric Plots Component specific setup and post processing DBNS and Hypersonics support

\nsys
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Numerics Enhancements for Density Based Solver

Pressure far field, M., = 0.1

New pressure far field boundary
condition option improves
robustness

Total
pressure

inlet \L

* New flux-based pressure far-field boundary
- An alternative to current pressure far-field

formulation
Riemann invariants option

Static pressure outlet

Flow direction

—)

- Uses numerical-flux instead of Riemann invariants
- Activated from TUI:

10°

> define boundary-condition bc-settings pressure-far-field type
Riemann-invariants = @ Flux-based =
Type [0] 1

Residuals

— continuity
1075 4 x-velocity
y-velocity
, | = energy

k
—— omega

/JJ'
P f\j

~WAM

Flux-based option

Mach Number
4.60e+00
4.14e+00 !
388e+00
3.22e+00
276e+00 4
230e+00 4

1 84e+00

1.38e+00

9.20e-01
4 680e-01
6 20e-05

Reration

0 50 100 150

200

250

10°

Residuals

—— continuity
elocity
— y-velocity
— energy

k

—— omega

600 800
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Numerics Enhancements for Density Based Solver

Node-based gradient improvements
provide robust convergence on
tetrahedral meshes

—A L 7 7 ~

7/ DLR F6 wing-body-fairing

* Node-Based Gradient enhancements for
DBNS solver
- Addresses convergence difficulties on

tetrahedral meshes when node-based
gradients are used

——— Modified
Extended
- Legacy

- The enhanced feature termed “Extended” 10° |
is accessed via TUl under solve/set/nb-
gradient-boundary-option? , 10

14\ F A\
10 N \ e
e \\ ///
\ -

1073 1 \

//Uh,4kyiu*ﬁkku¥’;

7
=
X,
3 N
]

Residuals

> solve/set/nb-gradient-boundary-option?
Options:

Modified/Extended boundary treatment
Legacy boundary treatment

Continuity Residual

-

S
10 AL

use modified/extended boundary treatment? [yes] yes
use extended boundary treatment> [no] yes

A M
o SN -~.-.,/A\_,\ /

0 100 200 300 400 500
Reration

extended boundary treatment will be used

r 10¢ 7

O 10-2

—— Modified
Extended
—— Legacy
Ay
WA’
a M YN |
\
| ) w
\ 4
m A
% e
\.?jﬁ- /’/
\ 'VJ.J e
N VT
AW,
k\“\..}\\‘_
N,
\f\-x_,,—_
0 200 400 600 800 1000
Reration
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Two Temperature Equation Model Enhancements

Robustness improvements

* Improved Two-Temperature
equation model robustness with
enhancements to the NASA 9-coeff
for Cp (Specific Heat)

- Smooths out anomalies in the
polynomial curves for Cp

- Improves model robustness for the
entire flight range

- Enabled by default

contour-1
Vibrational-Elec troni

- 5.61e+02
5.09e+02
- 4 56e+02
4 .04e+02
- 352e+02

247e+0
I 194e+0
142e+02

C.
6.66e+02
. 6.14e+02

2.99e+02

LS I

Enhanced NASA9 l

Te-04-

11111

||||||||||

contour-1
Vibrational-Electronic.

6.80e+02
- 6.26e+02
- 5.73e+02

- 5.19e+02
- 4.66e+02
- 4.12e+02
- 358e+02
- 3.05e+02

251e+02
1.98e+02
144e+02

©2021 ANSYS, Inc.
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Two Temperature Equation Model Enhancernents

Included mechanisms suitable for Earth and

Mars re-entry missions

* For Earth atmospheric re-entry two popular
reaction mechanism area available for use

- 5-species Parks93 reaction mechanism
- 11-species Gupta reaction mechanism

* Tri-atomic molecule to support for Martian
entry missions with two reaction mechanism

- 5-species McKenzie reaction mechanism Earth
- 8-species Parks reaction mechanism

©2021 ANSYS, Inc.
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Species Moded

Model Mixture Properties
Maxbure Matens
* Species Transoort mixiure-template

Reactions

Options Thermodynamic Database Fila Name
s gk $OGINDINVMNYDevivVNNNSuert fuent 222 O
Full Muitic Wt Dift
™ >
N2 mass fraction 02 mass fraction | Mass fraction profiles
08 T T T T T T T
07| \
06 | J
§ 05—
3 02/
£ 04 NO
2 N—
8 03] 0 —
02
01} r

0 H . . . | : H
d 04 035 03 025 02 015 01 005 0
Stagnation line (m)

CO2 mass fraction 02 mass-fraction——>




Runtime Discrete Fourier Transform

e Perform DFT Tonal Analysis during solution

- Compute magnitude and phase information of
selected frequency(-ies) during solution for later

* Enabled in Zone-Specific Sampling Options

44

postprocessing

Example: Two monopoles

Instantaneous Pressure

. Zone-Specific Sampling Options

Zones | Filter Text

- Fluid
fluid

* Inlet

+ Outlet

) Solid

+ Wall

‘E| |E| |E‘ ‘E‘ Quantities | Filter Text

=/ Pressure...

-’ Properties...

R EE) &
Y Face Area -
7 Coordinate

Z Face Area 7] Mean

Max

= Phases...

Volume fraction(phase-1) +| RMSE
Volume fraction(phase-2) | Runtime DFT

X

Data sets | Filter Text |E| |E| ‘E‘

static-pressure [1 zones]

Absolute Pressure Start Time Step
Dynamic Pressure o

Pressure Coefficient
Static Pressure =
Total Pressure 100 =

-

End Time Step

Molecular Prandtl Number Tonal Analysis

Molecular Prandtl Number(phase-1) Number of Analyses 2
Molecular Prandtl Number(phase-2)
Molecular Viscosity

Malecular Viscosity(phase-1)
Malecular Viscosity(phase-2)
Specific Heat (Cp)

Specific Heat (Cp)(phase-1)

Index 1

Frequency [Hz] 1000

Bl

<<

4 4

Specific Heat (Cpl(phase-2)
Thermal Conductivity

Thermal Conductivity(phase-1)
Thermal Canductivitiinhase-21

‘ﬂ‘ ‘.CBI]CE"‘ ‘E‘

©2021 ANSYS, Inc.
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2000 Hz
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Acoustic Sponge Layer Creation

Models Mater

e Best practices may require a numerical S :dt;h g:“lt"_jhase"' /_/I,:itit A
nergy 2d Cl aﬂgEr... [JECIES... 1 COUSLICS

”Sponge Iayer” to aVOId non-phy5|ca| L7 Viscous... 4 Discrete Phase... Il Acoustics Models...

reflections near boundaries A € Sponge Layers.

* Density is blended between solver

value and a specified far-field value BB Manage Sponge Loyer %
over the Ramping Distance e s roperties
. . Name : sponge-layer-0
* Multiple sponge layers can be defined, Boundary Zones  : (50}
o . Total Thickness : 0.02
but only one can be Active at a time Ramping Distance : 0.018
- A single sponge layer definition can be used ror eldbensty @ 117605

for multiple boundaries

| New... | | Edit... | Activate :Deacth.rate | | Delete | m |E|
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Improved Workflow with Ansys Sound

Launch Ansys Sound directly from Fluent;
Extensions to sound composition analysis

* Launch Ansys Sound starts Ansys
Sound and transfers files.

* Multiple selection for computing
sound at receivers
- Filter to Receiver(s):

* Maps one selected input to N selected receivers, OR
* Maps N selected inputs to N selected receivers

- Compose to Single Receiver:
* Maps N selected inputs to one selected receiver

B Ansys Sound Analysis X

Input Data
Type
®) Pressure Signal

Spectrum

+| Apply Frequency Response Filters (FRFs)

|Load Input Files...| mput Files [3/3] |Z/| [ Fe| FrF Fies [3/6] (=] |5
|Load FRF Files... | perience/Fluent-VRX-Transfer/vrx-demo/air-noise.out nce/Fluent-VRX-Transfer/vrx-demojair-to-p1-fribt = «
— perience/Fluent-VRX-Transfer/vrx-demo/hvac-noise.out  nee/Fluent-VRX-Transfer/vrx-demo/hvac-p1-fribd
| Remove | perience/Fluent-VRX-Transfer/vnc-demo/motor-noise.out nce/Fluent-VRX-Transfer/vrx-demoy/hvac-p2-fri.bd
- nce/Fluent-VRX-Transfer/vrx-demo/moator-to-p1-fritxt
nce/Fluent-VRX-Transfer/vrx-demo/mator-to-p2-fritd
.| I I
Up | Down

Filter to Receiver{s)| |Compose to Single Receiver|

Receivers

Active MName Input Files <---> FRF Files Delete
v receiver-0 air-noise.out <----» air-to-p1-frf.tt a
L receiver-1 hvac-noise.out <---> hvac-p1-frf.td ul
v receiver-2 motor-noise.out «----» maotor-to-p1-fri.td o

Options Generate Files

Sound Duration [s] Output File Name Prefix
10 ASound

| WAV (Sound Data) Out Pressure Signal

Acoustics Indicators

Print Acoustics Indicators| ‘Launch Ansys Sound

(D () ) (i)
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User-Defined Structural Boundary Conditions

Two new UDF macros for specifying nodal
forces or displacements on wall boundaries

* Provide ability to use UDFs for arbitrary nodal displacement / force conditions on
walls in intrinsic FSI simulations
DEFINE WALIL NODAL DISP(name, f, t, v, m)
DEFINE WALL NODAL FORCE (wall nodal force, f, t, v, m)



Mesh Interfaces

* Adjustable tolerances for auto-pairing to better control which selected zones are

paired and intersected
- Helpful for cases with gaps, thin layers, or complex geometrical features

* When creating a mesh interface, you can select any external parent zone type for
pairing, not just interfaces or walls.

- Resulting non-overlapping regions will inherit the same type as the originally-selected zone (except
for interface-type which will become walls).



Adaption: Hessian-Based Error Metric

More efficient and effective mesh adaption
metric for high-speed aero flows

A new multiscale mesh adaption metric based on the solution error

More efficient refinement selection than gradient-based methods

Equally capture weak and strong flow features

No heuristic adaption metric thresholds

10x+ savings in mesh size, computational time, disk storage, post
processing effort for the same level of accuracy of a fine initial mesh
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Unified Remeshing

New capabilities for prism-layer remeshing
and size field support

* Prism layer remeshing

- Prism cells are marked based on quality and height providing new
remeshing capabilities
* E.g. remeshing prisms adjacent to non deforming face zone

- More robust and simplified workflow

* E.g. handles out of the box prism layers on adjacent zones without domain
decomposition or requiring specific smoothing settings

- Automatically detects prisms parameters

* Size field improvements
- Added I/0 functionality for size fields ensuring consistent restart

- Added size field support for System Coupling and User-Defined dynamic
zones
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Dual Time-Stepping

Task Page

Solution Methods | (7) |

Dual time-stepping algorithm provides robust pressure vloiy Coup

Scheme

convergence for many difficult industrial cases s

Rhie-Chow: distance based w Auto Select

Spatial Discretization
Gradient

Available for pressure-based segregated solver in 2022 R1 Least Squeres Cll osed -

Pressure

Second Order -

Transient and steady formulations

Second Order Upwind -

- Transient: fixed pseudo-time CFL that controls local URFs Turbulent Kinetic Energy

First Order Upwind b

- Steady: local pseudo-time stepping method (similar to existing R

First Order Upwind b

Pseudo-Transient, but with local time scale) Energy

Second Order Upwind -

Can be enabled for all equations or selectively Tronsent Formuatn

First Order Impli *

- Momentum, energy, turbulence, combustion scalars or-Lerte Time Advancemert

Frozen Flux Formulation

v Pseudo Time Method

Potential to also improve throughput via better convergence and per——
fewer ite rations required v| Warped-Face Gradient Correction

High Order Term Relaxation

| Default |
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Solver Robustness: Dual Time-Stepping (DTS) Examples

= = ., Steady ~= .. WithoutDTS  -== . WithDTS
= = Rl e e | TS
- e o] / =
23 s v U
Industrial Aero Case #1 Customer ext. aero #2
* Without Dual Time-Stepping * Without Dual Time-Stepping
* SIMPLEC, steady = diverged * SIMPLEC, steady —> diverged
e SIMPLEC unsteady = diverged e SIMPLE, steady = diverged
e SIMPLEC unsteady with PMN for 2M cells = converged, e With Dual Time-Stepping
very high cost « SIMPLE/SIMPLEC, steady/unsteady = all converged
* With Dual Time-Stepping * No PMN required

e SIMPLEC, steady and unsteady = all converged
e Default PMN

*PMN = Poor Mesh Numerics
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Flow Modeling in Thin Gaps

Provides a modeling solution for flow through e —— .
narrow gaps in moving mesh simulations Gap Defiton
. . . gap_1 Exclude Cell Zones
* Alternative to fully-blocking flow in narrow gaps Face Zones [2/4] =[]
* Sponge-layer method artificially increases viscosity based on user-supplied S
Reynolds number in the gap region companents-solid-1

components-solid-4

- Fictious Viscosity: scaled viscosity in discretization of momentum equations only.
Other equations use scaled velocities from momentum equations.

- Real Viscosity: scaled viscosity effects are observable in all equations

Flow-blocking Flow-modeling Prosmity Threshold [m] Gap Type
i Flow-Madeling =
Method
Sponge Layer -
. Resistance Type Gap Reynolds Mumber
/ / Fictitious Viscosity = || 100
k m | Cancel ‘ | Help ‘

cont our-2
ntude [ ms |

0.0 50 10.0 15.0 200

15.0 20.0

e User-Defined Source method with DEFINE_ GAP_MODEL _SOURCE

\nsys
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Gap Model: Other Options and Enhancements

Set viscosity variation factor ([8.0] Fully Variable, [1.8] Fixed) (@. 1.) [1] @.5

 Variable viscosity for flow modeling treatment

- By default, a fixed viscosity treatment is used which
applies the scaled viscosity uniformly in the gap region

- Optionally, a variation factor [0..1] can be applied which
applies a linear variation through the region o ”
* 1= Fixed: provides best results for very small gaps — —— | i

« [0..1] = Variable: appropriate for larger gaps and can improve solver Variation factor = 0 Variation factor = 0.5 Variation factor = 0.5
stability
- /define/gap-model/advanced-options/sponge-layer

Extended Marking

* Option to extend mark regions

* Robustness improvements in marking algorithm




Solver Robustness: Orthogonality Enhancing Metrics

Orthogonality Enhancing Metrics (OEM) improve
robustness on cases with poor-quality cells

* Part of the Poor Mesh Numerics (PMN) portfolio
* Tweaks effective cell-centroid of poor-quality elements

* This improves orthogonal quality and solver robustness

-~ 0Q distribution ] —]
with OEM - —

1.6
1.4
1.20
2100 ----'> I —
0.80 ‘ 1
0.60 o ‘ |
0.40

e .
0.20
0.00 - v v . . v . . .

0.000.050.100.150.200.250.300.350.400.450.50

5 .150. .250. .350.
Orthogonal Quality

e Activate in TUI with specified Orthogonal Quality threshold

feolvefset/poor-mesh-numerics> orthogonality-enhancing-cell-centroids?

Relocate select cell centroids, to improve orthogonality metrics and solution stability? [no] yes

Orthogonal Cuality Threshold [0.1]

Residuals
—continuity
— x-velocity

y-velocity
—z-velocity

k
—omega

le+05 4
1e+04—:
le+03 4
le+02 -
1e+01—:
1le+00 <
le-01 <
le-02 4

le-03 5/

le-04 4

le-05

0 10 20 30 40 50 60 70 80
Iterations

SAE body convergence:
default vs. OEM




Partitioning Enhancements for Solver Robustness

Robustness improvements for extruded 3D cases
and cases with very high-aspect ratio cells

* Enhancements for extruded cases
- Correct the stretching aspect ratios in extruded

prism cells
- Leads to significant improvement in load balance
for extruded 3D cases - p
* Provide a user-preference to always enable n st ramator =
Laplace partitioning e e — .
- Laplace partitioning generally provides improved P ——

convergence, robustness, and scalability

- With preference enabled, cases that are read will
be repartitioned with Laplace Smoothing if
required

m |I}efault.‘ |Cancel.‘ |E‘
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Multiple Reference Pressure (MRP) Optimization

Significant memory reduction for cases using multiple
reference pressure formulation with many cell zones

* Consolidated and enhanced the reference pressure
handling

- Enhanced robustness, memory usage, and performance

* Most noticeable for cases with many cell zones

Virtual Memory Resident Memory

480 core run (GB) (GB)
2021 R2 1187 503
2022 R1 903 438
Improvement 31% 15%
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Turbulence Model Optimizer

. Gradient-Based Optimizer >
Optimizer Type
Type | turb-model-opt *

Train the GEKO turbulence model to yield results more
like a high-fidelity, high-cost scale-resolving simulation [Observables... | Operating conditions...|

Goal Value

D Condition Observable Percentage?
¢ WO rkfIOW: 1 5 0 < | |ar combination-01| | Target ~ ||-10 v
- Tra I n I ng : Adaptive Value
* Optimize turbulence coefficients to match data from high fidelity Optimizer Settings

simulation/experiment Curr. Design fteration (30 >
No. of Design Iterations 10 - | Convergence Criteria| 0

= Scalar quallty data, €. 8. drag coefficients No. of Flow Iterations 200 < No. of Adjoint Iterations 300 -

= Field data, e. g. time-averaged velocity from SBES Simulation. furbulence Model Design Tool

|:De5ign Regic—n...] |:Design Variables...]

* Devise Neural Network to generalize the correlation between the —
optimized GEKO coefficients and flow features. T'““'“m" Aty

Monitor... || Autosave... |

» Design variables: GEKO coeff.: CSEP, CMIX, CNW, Blending function [ Execute Commands... |[Create Solution Animation...|
= Flow features: Pre-selected and customizable Calculation
_ . | Initialize || Reset |
Deployment: o
* Incorporate the devised neural network into other similar simulations to | summarize |
reproduce tuned-GEKO behavior JE— J—
p | Apply | | Default | m | Help |

Y \NnSyYS



Turbulence Model Optimizer Example

Training:

3D Periodic Hills Case

Rey = 10400

:hA.BreueretaI

3

LES 2
Reference

1

0

GEKO Fig
Default

contour-4
X Velocity [ mvs |

Neural
Network
Augmented

nnnnnnnnnn

115e-01 470e-02 207e-02 885e-02 156e-01 224e 0| 292e-01 359e-01 427e-01 495e-01 562e-01

scene-1 Aug 30, 2021
ANSYS Fluent (3d, dp, pbns, geko)

Deployment >

ELES
Reference

GEKO
Default

Neural
Network
Augmented

\-,
NN augmented GEKO velocity nearly match ELES/Exp.

Yic

2.5D Hump Case

Re, = 968279

X-velocitv

0.200

0.175 A

0.150 A

0.125 A

0.100 A

0.075 A

0.050 A

0.025 A

Cf*1000

-2

X=0p80

® Experiment
—— ELES

—— GEKO-Default
=== NN-augmented

X-velocity @ x=0.8

02 00 02 04 06 08 10 12

UfUref

® Experiment
A —— ELES
—— GEKO-Default
=== NN-augmented

Skin friction

000 025 050 075 1.00 125 150 175 2.0

x/c

— \nsys
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Other Adjoint Optimization Improvements

Periodic morphing support enables

5 5 . o In Theta Radiall Axiall
Optlmlzatlon Of turbomaChlnery' +| Motion Enabled b4 Mut?on Enabled v/ M:tion Enabled
Symmetric Symmetric
Perodic
9 -

* Periodic Morphing: enforce morphing that is _ )
periodic, with N repeats in the morphing R
region. (apply]

- Key requirement for optimizing turbomachinery

equipment where all blade shapes need to be
identical

» Support of distance-based Rhie-Chow flux in
the adjoint solver

te
@

vvvvvvvvv

/ﬂ,,

- ConSiStencyin ava”able Rhie'ChOW formUIationS 8.05e+04  8.97e+04  9.88e+04 1V.E§§Z+n5 ‘5_: 5 :.2‘58*“‘5 1.35e+05  1.45e+05  1.54e+05 |

between core flow solver and adjoint solver

optimal-displacement Colored By Static Pressure [Pa] Mar 10, 2021
ANSYS Fluent (3d, dp, pbns, sstkw)
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