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Fluent Multi-GPU Solver (Beta)

Target applications for first release:

Utilize the power of multiple GPUs to * External aerodynamics -
_ _ * Internal flows / ducting / ventilation
accelerate your CFD simulations e Heat transfer

Supported Capabilities:
* Single/multi-GPU (shared / distributed memory)

* Supports all mesh types (poly, hex, tet, pyramid,
prism, hanging node)

* Subsonic compressible flows

* |deal gas

e Material with constant properties y: |

* Turbulence: standard k-epsilon and GEKO k-omega ‘ ( '

e Solid conduction and CHT

* Moving walls

* Porous media

/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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Program Capabilities and Supported GPUs

* The Fluent GPU Solver supports the following NVIDIA GPUs:
- Quadro P6000

Quadro GV100

Quadro RTX 6000

Tesla P100

Tesla V100

Tesla A100

Note that GPUs used by the GPU Solver must be
compatible with CUDA version 11.0 or newer
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Fluent Multi-GPU Solver (Beta) - GPU Solver Workspace

* To start the Fluent GPU Solver from
the Fluent Launcher:
1. Open the Fluent Launcher.

2. Select Enterprise from the Capability
Level drop-down list.

3. Enable Show Beta Launcher Options.

4, Select the GPU (Beta) workspace in the
Fluent Launcher.

Fluent Launcher 2022 R1 — O -
|

MAnsys
Capakility Level  Enterpuise -

Eun Floent cases vsing 3 GPU-tesed vnstouctored finite volome method supporting one or
moore GFUs in parallel, Increased siromlation speeds of np o ~ 52 compered with 2 multi-
core CFU, Single-phase Larninar and torbolent floves with heat tansfer ae comently
supported,

Fluent Launcher

Get Started With... Dimension
. Fluent Caze Floent Caze and Data @ D
Belo -
Mesh Script Options
- Dienble Precision
Icing Recent Files
Fi — 1 Parallel (Local Machine)
helix?_LES.cas.h5 Solver P ses | ] a

e

LB Method (Beta) _
helix2.cas.gz
Materials Processing (Beta) crystal_growth_case_reaction_final.cas.gz

e f 3 FFF-Setup-Output.cas.hS
Post Analysis (Beta) elup-Lutput.cas

GPU (Beta)

Show Beta Launcher Options

% Zhow More Optionz % Show Learning Resources

Start Reset Cancel Help -
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Fluent Multi-GPU Solver (Beta) - GPU Solver Workspace

i Fluent GPU Workspace
View

Display

[ Views..  Headight v |v/| Lighting
[Z) Opfiens...

® | Camera,

77 futoratic +

Outline View <
Filter Text

-) B0 Cell Zones a
£ fluid [2]
- [ Boundaries
= inlet[5]
o+ outlet [4]
— wall [3]
- . Solution
% Methods
Controls
[¥% Residuals
=/ Report Definitions
= @ Calculation Activities
) Autosave
& Run Calculation
- Results
& Surfaces
- [Ey Views
=1 back
[%1 bottom
[#) front
[*1 isometric
[=) left
[=) right
(=) top
= & Graphics
S Meshes
Mesh Qutline
-) & Contours
& contour-1
“& Vectors
& Pathlines
- L Plots
=, XY Plots
=, Plot From File
2R Scene
=) [ Reports

4P Surface Integrals

L Vsl lai, L

Graphics Graphics Toolbars
Q Lights... | besh Display | o View | Copy
B8 Colomap... /| Pointer V| Visibility || Object SelectionDisplay
Properties - contour-1 o
indary Values v - @
Filled Contour \f Tee01
r Lines
3 smeoth - [} Te+C0 o
lesh o
Residuals 0l
Compute Range v *
lobal Range Yy - el
wm Value 0
um Value 0 : e
fap
J I
Display Save Image... Delete %
Console

PUlur IO OprIona.

| Graphics Effects

Residuals

%

M0 MO MO0 D D a0

lterati

| GPU Solwver (Beta) enabled
I

| Please make sure

| 1.

| 2. Settings supported

I

I

I

GPU Solver will be invoked at iteration,
checks

GPUs installed, which can be checked with nvidia-smi

with compatibility

Pressure-Velocity Coupling Scheme has been converted to SIMPLE.
Dicretization Scheme has been converted to Least Sguares Cell Based.

| CPUO | System Me
Hostname | Sock x Core x HT Clock (MHz) Load (%)| Total
HB190 l 1 x8 x1 2496 T.84065] 31.7332
Total | 8 = = | 31.7332

Console & <
R e e e e e e e e e e e e 1 (1) -
| GPU Solver (Beta) enabled | ==
| |
| Please make sure | .
| 1. GPUs installed, which can be checked with nvidia-smi
| 2. Settings supported
| |
| GPU Solver will be invoked at iteration, with compatibility |
| checks |
o m m e e e e e e e e e e e e e e +

Pressure-Velocity Coupling Scheme has been converted to SIMPLE.
Dicretization Scheme has been converted to Least Squares Cell Based.

g
I
e

Adjusting the following setting:

g

Changing Discretization Scheme for Turbulent Kinetic Energy: from: Second Order Upwind  te: First Order Upwind
Preparing GPU solver, please wait
Rank PID Core 05 Host Device MName Version Memory(GB) Bandwidth(GB/s) Cores
€] 1431798 1/64 1lnamd64 b8251 B/4 NVIDIA AlG@ BOGE PCIe 8.0 79.1703 1845.7 6912

1 1431791 1/64 1lnamd64 b8251 1/4 NVIDIA Al00 BOGEB PCIe 8.0 79.1703 1845.7 6912
2 1431792 1/64 1lnamd64 b8251 2/4 NVIDIA Al0o© BOGB PCIe 8.0 79.1703 1845.7 6912
Bandwidth : 3.41781 GB/s
Latency 0.978206 usec
Using uniform initializer.
Upload settings
Upload mesh

iter time/iter

iter pressure x-velocity y-velocity z-velocity epsilon k -

1 1.00019e+00 5.47118e-16 5.47118e-16 4.40000e-01 1.15773e+082 3.93282e+01 ')
Console | Graphics
15.81 W

nsys
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Fluent Multi-GPU Solver (Beta) - GPU Solver Workspace

* You can specify whether the flow is to be * Open ’Fhe properties.table for the material
treated as laminar or turbulent by selecting specified from your imported case by .
from the Viscous drop-down list in expanding Materials in the tree and selecting

the Properties - Models window. For the material.

modeling turbulence, the k-omega propartias - sk
GEKO or k-epsilon turbulence models can be e o
Type Fluid
selected. Do
ensity
Method Constant
Properties - Models @ < value [kg/m~3] 1.5
Energy v Cp (Specific Heat)
Viscous k-epsilon - Method
Gra\_{i‘[‘:’r Value [Jf(kg K] 1006.43
Parameters Thermal Conductivity
Cmu 0.09 S
C1-Epsilon 144 Value [W/(m K]] 0.0242
C2-Epsilon 1.92 Viscosity
Method
TKE Prandtl Number
Value [Pa 5] 1.7894e-5
TDR Prandtl Number
Load From Database Delete

Y \NnSyYS



Fluent Multi-GPU Solver (Beta) - GPU Solver Workspace

 Merging and Deleting Cell Zones * The following boundary types are

- Although the Fluent GPU Solver only allows for a available in the Fluent GPU Solver:
single fluid cell zone, if you import a Fluent case, it

may contain more than one fluid cell zone. All of the
solid cell zones will automatically be removed and all

- Velocity inlet (incompressible)
- Pressure outlet

of the fluid zones will be imported. At this point, you - Wall
must merge or delete all of the additional fluid zones, - Moving/rotating walls
so that you have a single, uniform region. - Symmetry
O sciections » - Pressure Inlet
Il Merge Cell Zones o o] = ‘;. ‘;.‘ - Mass-Flow Inlet (incompressible)
— , St Sf L S - Mass-Flow Outlet (incompressible)
Zones 0 selected | Edit... fluid-met
: fluid-tank Properties - inlet @ <
‘ Merge ‘ Help ‘ Name inlet
BoundaryType Velocity Inlet ~
Flow mm
B Delete Cell Zones X Pressure Outle
Velocity Specification Wall
Zones |0 selected m Velocity Cartesian Components Symmetry
| R — X [m s"-1] 0.166
‘ Delete ‘ ‘ Close ‘ ‘ Help ‘ _ _ _ Y [m s~-1]
a Cancel | Help
Z[msh
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Fluent Multi-GPU Solver (Beta) - GPU Solver Workspace

* The Fluent GPU Solver supports the following

Report Definitions:

- Surface Reports:
* MassFlow Rate...

- Force Reports:
« Lift..
* Drag...

- Flux Reports:

* Total Heat Transfer
Rate...

e Radiation Heat
Transfer Rate...

e Mass Flow Rate...

Properties - report-def-1

Name
Quantity
Surfaces
XlLabel
YlLabel
Print
Plot
Write
ForceVector

X

Y

z

Plot

report-def-1
Force

1 selected [cylinder...]

Time Step
Force
v
v
Delete

& <€

* Afterinitializing and setting up your calculation
activities, you can specify the settings for
running the calculation.

Properties - Run Calculation &) <€
Transient
Number of lterations 1000

Reporting Interval

Properties - Run Calculation o €
Transient v
Time Step Method Fixed

Time Step Size [s]
Number of Time Steps

Reporting Interval
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Fluent Multi-GPU Solver (Beta) - in Fluent Solution Mode

Important: Using the Fluent GPU Solver Workspace is not recommended and should only be used as a reference for features
supported by the GPU Solver. All users are encouraged to use the Fluent GPU Solver within Fluent solution mode.

C:\Program Files\ANSYS Inchwv221\fluentintbin\win64> nvidia-smi

* For Windows, executing the fluent.exg T
program located in the Ansys Fluent directory —_— T T —— T
. GPU Name TCC/WDDM Bus-Id Disp.A4 Volatile Uncorr. ECC

(for example, C:\Program FlIES\ANSYS | Fan Temp Perf Pur:Usage/Cap]| Pv‘lemor“y—Uszge | GPU-Util Compute M. |
Inc\v221\fluent\ntbin\win64). S S S

. . . o | @ Quadro P4900 WDDM | ©900200e0:D5:09.2 On | N/A |

g Once your Work|ng d|rectory path IS SpeC|f|Ed, | 46% 35C P8 11W / 185w |  3463MiB / 8192MiB | 1% Default |
you can execute the nvidia-smi command in T T T ’
the command prompt window. This will D |
display the GPUs available on your machine as | ey er PID  Type  Process name GPU Memory |

| ID ID Usage |

well as their current usage. Each GPU on your A
machine will have an ID of 0 to 7 after

executing nvidia-smi.
* fluent 3d -t1 -gpuapp

e fluent 3d -t2 -gpuapp=1,2
e fluent 3d -t3 -gpuapp=1,2,4
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Multi-GPU Licensing

* A CFD Enterprise license is required to use the oo i AHE HEenese

. . # GPUs
solver within Fluent Workgroup tasks HPC Packs, 2022R1
* Running on a single GPU is included 7 0 0
- l.e., no additional HPC licenses are required 7 60 3
* Each subsequent GPU requires 64 HPC tasks 3 124 3
- 4 HPC tasks are included with CFD Enterprise, so 60 4 188 4
additional HPC tasks are required to enable the 2"9 GPU, 5 252 4
then 64 further HPC tasks for the 3@ GPU, etc.
6 316 4
7 380 4
8 444 4

-~
-
)
<
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Fluent Multi-GPU Solver (Beta) - Performance

e Steady

Helix Pipe * K-epsilon Standard
* Mesh Type: hexcore Inlet: 1 m/s

° MeshSize: 208,000 . Nymber of Iterations: 10000

DDDDDDDDD

Stetlo Fresoure HPC_ H8|IX Plpe
2.8Be+00 500 88 10
26Bm+00 9
2.1Be+00 400 8
Z.TBe+00 7
2.2Be+00 i) 300 6
1.BBe+00 L% 5
200 4
1.6Be+00 3
1.1B2400 100 2
7.BBe-01 1
O e !
2.BBe-01
12 cores GPU (A100)
0.002400
[Fa) B Time Usage (sec) =——Relative Speedup

\nsys
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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

Normalized Speedup of Car_105M
- ~1iteration per 2 seconds, 20 minutes to converge such a case 32.95

from initialization

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

26.92

18.83

Parallel efficiency is 80% from 1 to 8 GPUs 9.90
5.23
1.00 1.07 111

Intel AMD AMD 1GPU 2GPUs 4GPUs 6GPUs 8 GPUs
Icelake Rome Milan (A100
80 cores 128 128 80GB)
cores  cores

Y \NnSyYS
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DrivAER Car - Rapid Octree Mesh

* Sizing:

Background ~1.4m
Body ~5.6mm
Levels =9

Prisms = 1 layer I I o3 e

* BOls

- Rectangular around
body and in wake

* Mesh size
- 19.43M







DrivAER Car - CPU/GPU

Iso. Vort. Mag = 500 [s"-1]

CPU

contou r-2

contour3 .

X Velocity : ¥ ¥docity
2.82e+01 2.82a+01
23%e+01 239a:01
1.96e+01 1.96a+01
15 e+01 1.8 a0l
1.10e+01 1.108+01
6.75e+00 6.75a+00
246e+00 2.468+00

-1.84e+00 4.8 a+00
Bler £.128:00
-1.04e+01

-1.04a+01
-1.47e+01

-1.47 a+01

[m's]
[me]

16 ©2021 ANSYS, Inc.
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DrivAER Car - CPU/GPU — Mean surface Cp values

Top Bottom
1 1
hd he
0.8 I\ 0.8 “
\
|
06

0.4

-0.2

-0.4

-0.6

-0.8 -0.6
-325 -75 175 425 675 925 1175 1425 -325 -75 175 425 675 925 1175 1425

x [mm] x [mm]

—4#— Experiment

CPU
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Fluent Meshing Workflows

Rl e P e R AR
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Dockable Workflow Editor

o B8 T-junc-CHT-trans-4.cas Parallel Fluent@tcmdrwillia.win.ansys.com [3d, dp, single-process] - o X
* Optiona | |y separate wor kflow task =—m - —
@ @ d @ 4 N =
. .
Boundary
editor from task list —_— _— e e e
. Selection: SetRanges Insext Clipping Planes Show CutEdges Draw Cell Layer. ® ;:L:(d V| AlFaes || Help Text . oe V| Remesh N Facs 2 o Selent
@ « » [ ] Fooze CallLayer | O Polygon Vreres Vmons WS 0 Q= -
- Delta |0 Rest m Grometry Recovery | All ~ =
. . b0 * i Select Visibl Entiiss Muifees | FgpZones  qap L ©
® M t k t h t k Soluton HRenge | | YRange | | ZRenge Cuploaes | © LimitinX O Limitin ¥ O LimitinZ Fip 7] Buca i MNare Patem Advenced,
ore space to WOorkK wi IN Tas o x
.. o . thnction-seved woddlow - AE v
editing for cases with man Wt
o 5 Create Swface Mesh n k
oV B Describe Geometry v
. = v [ Foclose Fluid Regions (Capring) P
regions, etc.
’ v g ke ¥
v g ol —
O Create Regions
* Enable through Preferences e @
v > A4 Bowdary Lisen
v = oundary- lyer-on-fluid-walls @
. o () Create Velume Mesh
requires restart e -
Fill Wit polyhedn \.;;y L.
| Mesh Sclid Regions o P
Growth Rate 12 Q
Max Cell Length 2321005 2 P
Region-bescd Sizing e |l 7]d|8 )@ e )
. Preferences Adhanced Options Console
Gl Bowndry Ly Setings Overall Sumary  mome o 0.77535779 62878
[Quality Measure : Inverse Orthogonal Quality]
General . : S T 2878 cells were created in : 2% minutes
- Save task editing data with mesh file e2e7e o=t Eed Ea s 0.28 mina
Appearance 7777777777777777 The mesh has a minimum Orthogonal Quality of: 0.22
Graphics Saving data for editing tasks Write mesh files The volume meshing of t-junction-1 is complete.
MEShiI‘ig Waorkflow Generate the Volume Mesh |(Revert and Edit) | Clear Preview |(D; -
' v
Navigation Temporary files folder Tipdate Boundares Braw Boundares © [ . <
. . L i hi
Simulation Verbosity off | I iy o | Grephis
Dockable Workflow Editor v
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Watertight Meshing — Sizing Functions Improvements

* Ignore Proximity Across Objects * Ability to remove thin geometry details

- Only visible if assemblies are imported without full - Globally only
ST in SCODM/DM  Improves quality

- Avoid over-refinement when Share Topology in
workflow or NCI

Workflow Editor <

Available at 2 places
- In Surface Mesh task

Generate the Surface Mesh| (7) — | Advanced Options

Use Custom Size Field/Control Files? No v Check Self-Intarsaction? yes S
Minimum Size [mm] 0.2871093 Smooth Folded Faces/Repair Free Nodes Limit 10
Maximum Size [mm] 7.349989 Auto Assign Zone Types? ves -
Growth Rate 1.2 Invoke Quality Improve? no Y/ NO Improve , Max Skew = 0. 9
Size Functions Curvature & Proximity 7 Remaove Steps? yes »
Ignore Proximity Across Objects? Yes - Max Step Width [mm)] 0.7 \ A
Curvature Normal Angle [deq] 18
- \ - In added Surface Mesh Improve task
Cells Pe 7 y%'igg
N KX
S P ' A Improve Surface Mesh| (7)
o ‘NNN“” :%I:‘%I%Ké‘v Face Quality Limit 0.7
. R pesesasseastere | :
( \ ‘} IR awav v S — | Advanced Opti
Separat <gl‘<gﬂ‘%mhma‘§‘a‘$ ‘#VA A‘v ¥ vanced Options
. dﬂ&kﬂ&% n\‘i“ Q‘ o Quality Improve Max Angle [deg] 160
4\‘““\‘&} — Quality Improve Ierations 5 : =
ARG =~ /]
O Quality Improve Collapse Skewness Limit 0.85 ‘W
Remove Steps? yes o lf
Max Step Width [mm] 0.7 W, 747
Step Skewness Quality Limit 0.6
Improve-5thp, Mdooskleew—=00924

No (default) . Yes

Y \NnSyYS
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New Share Topology Method in Watertight Workflow

Offers potentially faster and more robust method
than Join-Intersect

= Worlflow

* New Interface Connect method for Apply Share v [2) mport Geometry
Topology taSk v & Add Local Sizing
. . " Generate the Surface Mesh
- Connects edges of overlapping face pairs (rather than 5 v I\ Describe Geometry

intersecting faces like Join-Intersect) which can be faster ,
/ more robust

- Three modes:
* Automatic - Using Connect Topology: use the labels created by

= Apply Share Topology

Apply Share Topology (7)

. . Max Gap Distance [mm] ] Mark Gaps
SpaceClaim if the Force Share feature was used. %
. . Share Topology Method | Interface Connect v
* Manual: user manually selects the interface labels from the list of _ [ —
available labels. Interface Connect
* Automatic: automatically separate face zones, identify overlapping Note : “lgnore proximity across objects”

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.

Y \NnSyYS
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WTM — Interface Connect — Automatic Using Connect Topology

Ol &9 -¢- >~

File Sketch Design Display Assembly Measure Facets Repair Prepare \Workbench Detail Sheet Metal Tools hpplv Shﬂre TDDDIng

‘Tl [B) Opening @ Enclosure [ Extra Edges 4 B> < =X \\;f B | [/]Faces - | [ .

I;‘” | ?ak - o - % gf e ot | 2 & = m e B | B Max Gap Distance [mm] 0 Mark Gaps

b s - e 2. ) Small Faces ipVolume = Share Unshare on:z % | [7] Vertices

Osecs. ek %Z'k"e Botice oo Bmret £ = ;h;'mg e o Share Topology Method Interface Connect -
c{g‘::;::;:f:g:;zns f[u\‘,d 3 contacts. Click the Complete tool gu — ﬂdvanced Gptlnns

B e ‘ Interface Labels Selection Methad Automatic - Using Connect Topology *
Only create contact groups _

L Will You Set Up Periodic Boundaries? no =

‘ Initial Relative Join/Stitch Tolerance 0.1
Join Tolerance Increment 0.1
Fename Internals Based on Body Names? yes v
e SpaceClaim
- Define contact groups with Force Share
MName Type \ .

O+ = Named Selections )

o= WTM

i o In2 7 . . ” M

Sin - “Automatic — Using Connect Topology” is automatically set

@Duﬂ
<3 Connect Topology 1 - No label selection needed

@ConnectTopclogyz
gL il - « Connect topology » contacts renamed by default using
adjacent body names

Y \NnSyYS
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WTM — Interface Connect — Manual & Automatic

* Manual * Automatic
- Fastest option - Virtually no speedup compared to normal
- Contact surfaces must be defined in the CAD share topology
- Switch off Rename to keep given names - Zones are separated before contact check
Apply Share Topology * Not merged back for now
Max Gap Distance [mm] 0 vk Gops - ldentification of overlapping zones and assign
Share Topology Method Interface Connect b Ia be | S, th en execute
— | Advanced Options
Interface Labels Selection Method Manual b
Filter Text * | [2/5] ‘E‘ |E‘ |i| |§| Apply Share Topology
contact_c Max Gap Distance [mm] 0 Mark Gaps
contact_t
ini Share Topology Method Interface Connect -
E:f — | Advanced Options
Interface Labels Selection Method Automatic b
Will You Set Up Periodic Boundaries? no v
Will You Set Up Periodic Boundaries? no b
Initial Relative Join/Stitch Tolerance 0.1
Initial Relative Join/Stitch Tolerance 0.1
Join Tolerance Increment 0.1
Join Tolerance Increment 0.1
S S p— . . Rename Internals Based on Body Names? yes -

Update | Cancel | ... =
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Fault-Tolerant Meshing Part Replacement

- = "\ Choose Part Reglacement Options
Efficiently add, remove or replace geometry " [, Append CAD a0 Part Management
objects of your CAD model without having to - 22 Part Replacement Setings

re-mesh the complete model ' () Update the Volumae Mesh

* 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

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

- Surface-mesh level

e Supports all mesh types

Part Replacement Settings
Name replacing-mirror
Operation Replacement

Method Volume Mesh Based v

Y \NnSyYS
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FTM — Add Offset surface/Box to create construction surface

* Construction surfaces are remeshed and intersected with wrapper surface

* 2 new options to create them instead of importing them : Box and Offset|>= eonem = Fov (O
Florwr Trpe:
- No transformation possible, box is aligned with global coordinate ©) Eemelflow sroond dbor
) Intemal flow through the obect
» Useful for part replacement (3 Botheremd and ineenal flow
— | Standard Options
S S b R > Identify Construction Surfaces Identify construction surfaces? @) Yes . Mo

Name construction-surface-1 Name construction-surface-2

Method Box v Method Offset Surface v
Coordinate Specification Method Ratio relative to geometry size ¥ Select By: object v
Select By: object - Filter Tet = | [1/24] Filter Text @ @ @ @
Filter Text ¥ | [1/24] | Filter Text @ @ @ @ back_door -
n body I

headlamp_r grille
hoods . grille_side
hoods_u headlamp_|
mirorl headlamp
Box Parameters hoods
hoods_u
X i 05 X Mox 05 mrocd .
¥ Min 0.5 ¥ Max 0.5 Defeaturing Size [mm] 5
Z Min 0.5 Z Max 0.5 Height [mm] 25

Identify Construction Surface | Revert and Edit | ... ~ Update | Cancel | ... ~

Defeature size : size of surface mesh
Height : distance to the object

25 ©2021 ANSYS, Inc.



FTM: Append CAD and Part Management Transformations

1 This feature facilitates transforming cad objects by rotating/translating about local or global

coordinate system.

o L @E Meshing Model

il | @ truck

+ B &) truck [1]

0 . Restore to Cad Model
+  [J* Meshing Ope

Create Transform

Hide Others

— \nsys

el [ ﬁ]i Meshing Model

il @ truck

+ (3] & truck [1]

= Y Transform-1

= @E Meshing Operations [-1]

@5 truck [1]
|E| Transform (Transform-1)
Coordinate System Local '®' Global
X b i
FRotate [degrees] -an ] 0
Translate [mm] 0 0 0

Apply Transform

Undo Transform




FTM: Part Management Transformations

d Rotating by =90 degrees about global X-axis

©2021 ANSYS, Inc.



Fluent User Interface
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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| g
* Example: Battery case - 24M cells, 32k face zones e (DRsTplEy 83%

- Graphics Display up to 3X Faster Vector Display 80%

- Various command executions up to 20X Faster Battery test case: 24M cells, 32k face zones
- Bottlenecks removed in display of many dialog boxes Time (5 improvement
21.2 22.1 (seconds) (%)
Time taken to turn on energy 12.72 5.89 6.83 53.67
[ ] E I . 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 €: 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
up to 6X Faster 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



User Interface Performance and Usability

Easier access to cell-zone details
including quality statistics

e RMB > Info on cell & face zones

- You can easily print mesh face and cell
counts by zone using the Info context
menu option for the Cell Zone Conditions
and Boundary Conditions branches in the
Outline View tree (accessed via right-click).

= |:| Solid

EE| solid-2 (solid, id=2
[ solid-3 (solid, id=2
[ solid-4 (solid, id=2
|:| Boundary Conditions
¥ Mesh Interfaces

Cell Zone Name

solid-4
501id-3
solid-2
so0lid-1

) I

EE| solid-1 (solid, id=2~"

Copy to Clipboard
Import From File...

Export To File...

Cell Count Minimum Orthogonal Quality

5083 0.20356136
6293 0.32538144
20388 0.20182542
6322 0.27628726

Orthogonal Quality Below 0.1

9]
9]
Q
9]

 Adjacency panel add suffix/prefix

* Bulk renaming of cell zones is now available
in the Adjacency dialog box. You can rename
cell zones by adding suffixes and/or prefixes,
by wildcard, and by converting to the Fluent

naming convention.
B Adjacency

Cell Zonels) | Filier Text

B | (B (B atoent Foe Zones | Fiber T =) |': | | | | | doll\ldsululnleCeHZom

fluid =) Inlet
solid_board pres_inlet_1 V| Rename Face Zons
solid_heatsink = Internal Renaroe Cell Zones
solid_heatsource ?nter?or——ﬂui_d Deaw Diefilt Mesh
interior--solid_board
interior--solid_heatsink
=) Qutlet
pres_outlet_1
= Wall
in-1-wall_board_side-solid_board
out-1-wall_board_side-solid_board
wall_board On Selected Face Zones
wall_board-shadow Renaming By-
wall_board-wall_board_bottom-solid_board Adjcency
waII_b0ard—waII_b0ard_side—soli.d_board—so\i.d_... * Wildcard
wall_board-wall_heatsource-solid_board-solid_...
Fluent Maming Convention

wall_heatsink
wall_heatsink-shadow
wall_heatsink-wall_heatsource-solid_heatsink-s...

Ldd Suffix andior Prefix L\\)

From

wall_heatsource wall*
wall_outer
To
walltest
Erclude Costorn Mames

[Rename]

[ Display Face Zones | (g Help |
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View Synchronization

Lock view orientation among multiple A
windows for visual comparison

Simultaneously view multiple visualizations

from a consistent viewpoint

Synchronize all sub-windows, or only selected

sub-windows

Accessible from toolbar icon or graphics

window context menu:

P Display
[ Create
|'.|
Save Picture...

" Click to synchronize
all windows

Add To Report

Synchronize

Save Display State

>

SIRIRIERIE

207001

Contours of Static Terperature [K]

Contours of Velodty Magntude [m/s]

0 selected all

- ¢

IRSIECS

J

RIS

Start
Synchronize all windows

©2021 ANSYS, Inc.

Video showing viewport synchronization
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Mesh Rendering Enhancements

New materials for rendering and added

flexibility for Mesh Display objects

* Many new solid materials available for
rendering (brick, concrete, etc.)

* Choice of color by ID vs by Type are
now stored for each Mesh Object

Automatic option split into By Type and By

Surface (analogous to by ID)

By Type can be used to configure both color

and material choices

= Removes requirement that same material must
be used for all surfaces in a mesh display object

Manual renamed to Uniform

contour-1

Static Temperature
3.53e+02
3.48e+02
3.42e+02
3.37e+02
3.32e+02
3.26e+02
3.21e+02
3.16e+02
3.11e+02
3.05e+02

3.00e+02
[K]

2021 R2 ———

Display Stat
N

() ()

T olor ¥ solid-2

enlid-2

hd Mone

|Save,fDispIay | |E

Type
inlet
interior
outlet
wall

+| Only List Case Boundaries

. Zone Type Color and Material Assignment

Colors Materials

light red « iron (rusty) -
light yellow iron (stylized)

magenta paint

maroon plastic

orange rubber

pink silver (mirror polished)
preference calor spraypaint
red titanium (brushed)

tan titanium (linear brushed)

white wood (beech mid brown) -
yellow *

(o) (v

Y \NnSyYS
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Embedded Window and Animation Enhancements

Workflow improvements . l
¥ Pathlines Edit...
i Particle Tracks Copy...

e Embedded Windows Delete

"| Data Sources

. . . WY Plot Copy To Clipboard
Exposure in Outline View context menus = xy-plot1 import From File..
| Histogram Export To File...
Not limited to Reserved windows  erpobmedata | DiSPY s
FFT Display in b animation-2
Placeholder frames can be embedded  cumulative plot | embedin b animation-
. . cene add to P report-def-4-rplot
before start of simulation o addtoScene % report-plot0
eports e — e
Journal support -ty k
Animation frames not stored by default S - T
when using S e
Automatically embed residuals during - R
calculation Sl el
D 68 s
N ErET =
S S e :
A.

Console Graphics

Contours of Static Temperature [C]

7|
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Miscellaneous Usability Enhancements

* Animation options

- None option for Storage Type: render
periodic visualization updates during solution
without any memory / file use

Precludes later playback / recording

* Recordable pathline animations

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

Mame: sol_view_anim

a
Record after every | 50 « | iteration v
Storage Type
B Pathlines X ge yp None v
Pathline Name i 1
e Storage Directory | |
Options styie Color by pathlines-1
Oil Flow line i Temperature... Static Temperature
¥ ::\d/:r\s/:mes Static Temperature 353e+02
| Auto Range Min [K] Max [K] 3.48e+02
| Draw Mesh S;e;:s P:';”Slklp 300 352.8919 3.42e+02 contour-1
- e 7
v ::‘c:x:yp:ml 500 <M - Release from Surfaces | Filter Text |;\ |£\ \;\ \;\ 3370402 Static Teﬂp{)e;itgée
Path Coarsen =/ lInlet a
XY Plot - S l 3.32e+02 3.45e+02
. inlet2. 326e+02
ave Pulse Animation - Iso-surface 3.40e+02
x-coordinate-22 321e+02
=) Outlet 3.35e+02
itlet c O 3.16e+02
PI point-surf: - 311e+02 3.30e+02
ec . Display State 3056402 3.25e+02 Scaled Residuals
nnnnnnnn None * ||use Active‘ |New Surface ‘
Single _ = 3.00e +02 ) 3.20e+02
Colormap Opt 7 — " Write/Record Format| Video File - | (MP4) |Videu Options... (K] ’/ﬁ &‘3’ |"'Iﬂ- 3.15e+02 D l\k \\k“
- 7 el1# : WAAN
N — A ol 1, 3.10e+02 )
“ ‘ Pulse | | Compute ‘ Axes... Curves... ‘ Close ‘ ‘ Help ‘ J 'IIIIx " M\‘\“\'\\\\\\\'
- - 3.05e+02
3.00e+02
. . . K
Video showing pulsed pathlines (%1 3

ey \nsys




Expressions Enhancements

. Expression

Support for User-Defined Surfaces and G
Porous Region Contribution to Forces

Definition

{|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)

©2021 ANSYS, Inc.



Fluent Add-on Model

FTH-E
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Exposure of Add-On Modules in Ribbon

Physics User-Defined Solution Results Parallel Design

Solver Models Materials Zones
o [ operating Conditions... " Radiation... B vultiphase... A structure... + [ cellzones | 2
Easier access to add-on modules from GUI o\ 2 sy Loven . s oo« | BF | Eivomms |
Reference values... —
General... B wiscous... 4 Discrete Phase. ., More l | Creste/Edt.. B profiles... ¥
Outline View < Task Page < fﬁ EllerianiwalllE Iy 1
I} n%u Potential/Li-ion Battery...
e T Models @] & solidify/Melt...
5 Setup oeckls 7 Ablation...
@ General Multiphase - off BX i Battery Model...
- ® Models Energy- Osf{ dord ke, Standard wall £ £) MHD Model...
. IScous - andar -e, andar a8 n = e
* Provide access to supported add S s e
- W) Energy Heat Exchanger - Off
p p T Vi (e e, Spacies - o ) W PEM Fuel Cell Model...

" Radiation (Off) Discrete Phase - On fl SOFC Model with Unresolved Electrolyte...

on modules in the ribbon - et Schanar o) St & i o Of g coervai.

XX SPeCIeS (off Structure - Off Macroscopic Particle Model...
*/ Z- Discrete Phase (On) Eulerian wall Film - on B

. . L solidification & Melting ( Potential/Li-ion Battery - Off
- Simplifies access ”

gt Reduced Order Model..,

- I n C I u d eS n eW d efi n e d i CO n S Physics User-Defined Solution Results Parallel Design
- TUIl is maintained for scripting . R i

= operating Conditions... " Radiation.., B vultiphase... ) structure... _'; [ cell zones p
iie V| Energy {1+ Heat Exchanger... f); Species... 1| Acoustics & H soundaries ;
Reference Values... —
° d d d . b . | . h k f d d General... El L2 viscous... 4 Discrete Phase... More _ | Create/Edi.. B profiles... ')
l \ e CO l I I p at I I Ity C e C S O a - Outline View < Task Page < g5 [etleraniwallins |
I} [I%'U Potential/Li-ion Battery...
on modules where possible @ [ & s
~r Sy 1
p 5 setup o | Models ) Ablation,
B General Multiphase - Off KN f Battery Model...
- Incompatible options are grayed out D kit (o) Vil Stk stndardvalen o (o O
= Multiphase Radiation - Off : Ml 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
Heat Exchanger (Off) Solidification & Melting - Off @]

Acoustics - Off
7, Species (Species Transp Structure - Off

+) 4 Discrete Phase (On) Eulerian Wall Film - On P
L Solidification & Melting { PotentialiLi-ion Battery - Off

ic Particle Model...
Reduced Order Model...

Macr
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Thermal Analysis of Printed Circuit Boards

Thermal analysis of a PCB requires knowledge of the orthotropic components of thermal conductivity
(that is, X, Y, and Z components of thermal conductivity).

Blocks [board] ]

* Pre-requisite Files o Goonty | Poeres | ot

. . S | 15 i
- Electronic CAD mesh file B

(ECAQ for Metal and di- . s
electric layers, generated &[5l £ [T

in Ansys Icepak) pq L T g I T

) : _ A
Board configuration file o
from Ansys Icepak 206+~ bein

ANSYS EDB

("board_config.dat")

Gerber files

- Metal fraction information | | [ feee SRR
from Ansys Icepak (.cond —
file)
- Power profiles from Ansys | ...
Icepak (.prof files)

1

';,'Updalel 7 New | % Reset | %)

Eopg-llu'nl i) Done | %E&mﬁll 0




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

* Append a PCB-only *.cas file from IcePak
into a Fluent case with other geometry /
physics

* Use Fluent’s Mesh interfaces to connect PCB

to rest of the domain

e Use the IcePak board config file* to apply
an accurate PCB thermal conductivity profile
in Fluent

ution
Solver Models
[Z/ operating Conditions... Radiation & muitpn
D | Energy |- Heat Exchanger... LI, Species...
Reference Values... —
Cenerg b L7 viscous... - Discrete Ph
| Outline View < B
| Filter Text s
- Setup ~
& General N
- @ Models
e Multiphase (Off)
Console

> define/models/addon-module
Fluent Addon Modules:
. Hone
. MHD Model
. Fiber HMHodel
. Fuel Cell and Electrolysis Model
. 50FC Model with Unresolwved Electrolyte
. Population Balance Model
. Adjoint Solver
. Single-Potential Battery Model
. MS5MD Battery Model
5. PEM Fuel Cell HModel
10. Macroscopic Particle Model
11. Reduced Crder Model
12. PCB Model
Enter Module HNumkber:

[}

LS I Iy [T R PRI O B

[0] 12

Materials Iones Model Specific
+ [T cell Zones - Discrate Phase -~ /¥ explicit Thern
4
[ soundaries &= DTRM Rays.
< Ereate/Bdity B Profiles... # Conduction Manager...§ #¥ PCB Model...
Mesh
B PCE Model *

Board Configuration File
| Read... |

File Data
board_config.dat

Include Powermap Distribution

| Apply ‘ @ |E|

Note: It may be necessary to edit the thread _id in the board _config file to match the correct zone in the full Fluent simulation
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Material Properties for PCB Model Material

* The material properties of subst are I Create/Edit Materials

automatically defined: Nme B Orthotopic Conductivty
. . . . . _ Direction 0 Components
Density is defined via UDF that is Chemical Fommla y z
automatically set by the PCB model. 0 0
Direction 1 Components
Specific heat is assigned a constant ‘1’1 ED
value of 1 because the density Provexties
defined by the UDF is itself Bl User-Defined Functions /2= E]
|
multiplied by the specific heat.
artha_local_lefbudf_cond
Thermal Conductivity is defined as orno-ocaLyIucTcond F1 [ m K]
. . . . . e - d
orthotropic. Clicking Edit... will open conduchiy loca clbudf cond
o « . . CONaUCTvVITY_loCa “hzuai_con
the Orthotroptic Conductivity dialog conductivity local #-libudf cond
bO conductivity_x:libudf_cond 2 [Wim K]
X. conductivity_y-libudf_cond ]

conductivity_z-libudf_cond
cpzlibudf_cond
density:libudf_cond

ox |

| OK | | Cancel | | Help |

- |Ed1t »i—EI
: [ ...

ferials by

nical Forromla

ent Database... |

A MDS Database...|

efined Database... |

]

t...
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Postprocessing for the PCB Model

* The following additional variables are available * Note that these orthotropic thermal
for postprocessing with the PCB model: conductivities are computed in the global

- Thermal Conductivity X coordinate system.
- Thermal Conductivity Y

- Thermal Conductivity Z

S K_Z [Wim-K] contour-1 Y
ae !m,@@ 2d 84 9? . . T B 100.000 T hermal Conductivity ZZ Py se_ o0 ol b
. 87.5438 100e+02
75.0875 g !
52,6313 900e+01 .
50.1750 + 8.01e+01
37.7188
25.2625 - 7.01e+01
12.8063
I L 6.01e+01
I + 502e+01
- 402e+01
- 3.02e+01
203e+01
103e+01
3.90e-01
[Wi(m K)]
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Flow Modeling in Thin Gaps

Provides a modeling solution for flow through e P— ><
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

L

0.0 50 10.0 15.0 200

Proximity Threshold [m] Gap Type
i Flow- Modelmg !

Method
Sponge Layer

Flow-blocking Flow-modeling

, Resistance Type Gap Reynolds Mumber
/ Fictitious Viscosity * | | 100
m | Cancel ‘ | Help ‘

15.0 20.0

tude [ mvs |
gnitude [ m's |

e User-Defined Source method with DEFINE_ GAP_MODEL _SOURCE

\nsys
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