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2022 R1 Features by Gas Turbine Modules - Dashboard Acsuracy

e——e Robustness

Turbo Workflow

| &
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Fluent Turbo Methods and Workflow

« 2022 R1 functionality

- Pre-processing tool with Turbo workflow

- Post-processing tool with Periodic instancing + Turbo workflow
+ Simulation Report

- Base Turbo methods to cover the tree pillars of Gas Turbine
analysis
» Aerodynamic analysis

Steady & Transient , main and secondary path, axial, radial or mix
components

« Aeromechanics analysis

Aerodynamic damping & Forcing load for Forced Response analysis
» Aerothermodynamic analysis

Detailed and reduced model Blade Film Cooling

©2021 %, P fH % >3 T2 & Taiwan Auto Design Co.

Combustion
Shaft Compressor Chamber
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Turbo Workflow

Turbo Model

»‘:; 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

©2021 # P 3% >3 T2 & Taiwan Auto Design Co. \nsys



Periodic Instancing

» Enhanced (and renamed) Periodic
Repeats feature

 Improve post-processing for most
turbomachinery applications

L
contour-2
Static Pressure

" | contour-2
Slatic Pressure

v 137e405 r 1.37e405

- - Single Repeat

- Sets the view model to single repeat

*1f turbo surface cut spans more than one zone it will be ignored

©2021 %, P fH % >3 T2 & Taiwan Auto Design Co.

E=EE - Fuil wheel

- Detect surfaces associated with each zone* - Detect surfaces associated with each zone*
- Sets the view model to full wheel

Periodic Instancing

Turbo Model

Update Display

" | contour-2
Stalic Pressure

137e+05

Or use the Repeats settings

- Select cell zone and enter the number of repeats
- Positive value: forwarded instancing
- Negative value: backward instancing

\nsys
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Blade Film Cooling Model for Gas Turbines

 Pre 2022 R1 Use Virtual Geometry & Boundary Conditions to

- Blade film cooling model available in CFX but Simulate Turbomachinery Blade Cooling
not in Fluent

« 2022 R1 functionality

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

» Rectangular or circular holes oriented normal-to-
surface or along specified direction

Tip cooling holes

; Trailing edge

- "
Hot gases cooling slots

VYN NY

. — A
, . Platform
cooling holes

EDCE SLOT

Trailing edge slots Cooling hole Platform leakage
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Create virtual boundary conditions

- New Boundary Interface intersects virtual
geometry with boundary surface to form virtual
boundary conditions

« Similar to creating conventional mesh interfaces

« Overlapped intersection becomes mass-flow-inlet
or mass-flow-outlet

* Non-overlapped intersection retains underlying
surface settings

- Requires Turbo Models to be turned on

Surface Non-overlap Surface

Hole location

Overlap inflow boundary
Virtual Geometry |

Shape from a template

©2021 # P 3% >3 T2 & Taiwan Auto Design Co.

. Create/Edit Boundary Geometry

Boundary Geometry
cool-hub

Geometry BC-type:
mass-flow-inlet

Hole Direction Specification

normal-to-boundary v

(= | Coordinate Profile

Hub-Cooling
Rotor-Pressure-Surface-Cooling
Rotor-Suction-Surface-Cooling

Hole Shape

cylindrical -
-- Diameter: profile -
Profile Variable: = hole-diameter i

Create/Edit | PEEG |Close Help

/;:;’
¢

Normal with direction

A L
i 1 I 1
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Aeromechanics: Aero Damping/Periodic Displacement

 Pre 2022 R1

- Aerodynamic Damping computed using Energy Method
- Single simulation per Nodal Diameter

« 2022 R1 functionality

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

- 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 & CFX Comparison

= E.g. transient simulations using periodic displacements comparison to CFX e
6.00E-03 @ .

Fluent

Usability Improved With New Periodic Displacement GUI

5.00E-03

4.00E-03

3.00E-03

2.00E-03

1.00E-03 -]

AERODYNAMIC DAMPING FACTOR

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

NODAL DIAMETER
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Help Documentation

PART Ill: SOLUTION MODE | CHAPTER 12: MODELING TURBOMACHINERY FLOWS |

12.1. Using the Turbomachinery Guided Workflow

OW
he Turbo Workflow pIDVIdGS you with the basic steps to de ning and re ning the setup and solution o your tu bomach

[ J An SyS H e I p D O C u m e n tati O n You can access the turbomachinery guided workflow by selecting the Enable Workflow option in the Turbo Workflow dr

Fluent User’s Guide |_‘:E Domain - Turbomachinery = Turbo Workflow = Enable Workflow
« 12.1. Using the Turbomachinery Guided Workflow

Turbomachinery

Turbo Workflow

(ansvs co m) Turbo Create @& Turbo Topology
Periodic Instancing
g This exposes a Workflow tab, alongside the Outline View, where you can use the Turbo Workflow to begin your work. Th
i Tutorlal through each task in order to more easily analyze your turbomachinery problem and generate an accurate simulation.
i Vi deo Workflow Outline View
. = Turbo Workflowr - =2 @
Chapter 12: Modeling Turbomachinery Flows 5 workiion
! EI Describe Component
This chapter provides details about the turbomachinery capabilities in Ansys Fluent. ' @2 Define Blade Row Scope

The information in this chapter is divided into the following sections:

e Using the Turbomachinery Guided Workflow

e Frozen Gust / Inlet Disturbance Flow Modeling

e Blade Row Interaction Modeling

e Aerodynamic Damping (Blade Flutter Analysis)

e Non-equilibrium Wet Steam Model for Steam Turbines
e Blade Film Cooling for Gas Turbines

e Turbomachinery Postprocessing

Y \NnSyYS


https://ansyshelp.ansys.com/account/secured?returnurl=/Views/Secured/corp/v221/en/flu_ug/flu_ug_workflow_turbo.html

Other Fluent improvements will affect turbo users

 Performance improvements

« Ul enhancements
- View synchronization
- Materials for mesh rendering
- Expression enhancements

« Combustion enhancements
« Acoustics

» Turbulence

 Adjoint

e More...
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Multi-GPU Solver (Beta)

 Pre 2022 R1
GPU used in offload mode

« 2022 R1 functionality
- New native multi-GPU Solver in Fluent platform
accelerates steady-state CFD simulations
- Slngle/multl -GPU (shared / distributed memory)

Subsonic compressible flows
* Ideal gas
* Material with constant properties
« Turbulence: standard k-epsilon, GEKO k-omega
« CHT
* Porous media
- Revolutionary speed-up
 Ball park number from external aerodynamics tests

1 GPU = 640 cores (on 5 nodes)
8 GPUs = 3840 cores (on 32 nodes)

« Nvidia A100 card vs AMD Milan cores (very similar to
Xeon Gold 6142)

Combustor_115m cells
MCIUPS (Million Cell Iteration Updates per
second)

200.0 120%

83% 100%
150.0 oo~ 80%
100.0 60%
40%
20%

MCIUPS

50.0

0.0 0%
4 6 8
MCIUPS 99.2 123.6 165.4
— Efficiency 100% 83% 83%

Number GPUs

Efficiency

~83% parallel
efficiency with 8 GPUs

7x cheaper hardware

purchase cost and 4x lower

power consumption®

12 ©2021 ANSYS, Inc.

* 1024 core CPU cluster using 9600
W versus 6*V100 server using 2400
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Tabulated Particle Size Distribution

 Pre 2022 R1 Mass Fraction versus Diameter

- Uniform and Rosin-Rammler particle diameter distributions
available

« 2022 R1 Functionality

- 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

Set Injection Pro Bample-dist-conti g0l

T AR num-frac fmass-frac Y f'Diam Y o st
Injection Type
".”?Ct't‘.’” N;'me ! 2t 0.029871404 8.39949E-05 8.12819E-06
alliiilate il 0.074395037 0.000331542 9.47675E-06
Ref F - R 2 = S .
il e L 6.80251217 g.RR0Es 137 L. ABA2TE -85 Association of Particle Size Distribution Data '~ X
global - 0.096133363 0.001076148 1.28823E-05 : o
particle Type 0.092064168 0.001633392 1.50197E-05 Table Name sample-dist-conti =
T N e . 0.084628946 0.002379651 1.75116E-05
Massless (@ Inert () Droplet () Combusting ) Multicomponent : :
0.076196363 0.003395719 2.04171E-05 Reference Diameter diam -
Material Diameter Distribution Oxidi 0.06802667 0.0048048 2.38046E-05
anthracite ~ |[tabulated - | A ARARQAATR A ONR702QA0 7 TTIRAIE_QR Murmmber Fraction from | ---- v Accurmnulated
fanif \L J \ J
Evaporating Species unirorm Prod M ion f f =
rosin-rammler ass Fraction from § mass-frac Accurmulated

s rosin-rammler-loiarithmic y ¥
Point Properties Physical Mode....,... e e E I b ko ! | cancel | ‘ HE||) ‘
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Improved Particle Tracking

« 2022 R1 Functionality

- Performance improvements
« Thread lock removal improves core hybrid tracking performance
* Precompute species option

= Improves performance for combustion cases with all available
tracking approaches and parallel modes

 Further performance options for GTC simulations
= Barycentric intersections
= Timestep adaption of Darmofal and Haimes

- Accuracy and Robustness improvements
- Improved variable interpolation for
= Multiphase models
= Steep gradients within a cell
= Lagrangian wall film particles

% Improvement

35
30
25
2

[
o oun O

o

Benchmarking with Generic Combustor
Improvement in DPM Solve Time

B Removing Lock
B Precomputing Species ‘

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

Significant reduction in DPM solve time
Improved robustness and accuracy in
various scenarios

Y \NnSyYS




Turbulence Model Optimizer: GEKO

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

* Pre 2022 R1:

: Observables... || Operating Conditions...
- The GEKO model consolidates 2-equation turbulence modeling into s vawe
a single model | B -
1 3 0 <! |ar combination-01| | Target ~ ||-10 v

- Can be adjusted to different flow regimes with 4 tunable coefficients:
CSEP, CMIX, CNW, Blending function Adaptive Value

Optimizer Settings

« 2022 R1 Functionality

No. of Design Iterations 10 Convergence Criteria 0

Y
-
-
-
- -
-

- Turbu Ience mOdeI Opti m izer tO enhance G EKO accuracy No. of Flow Iterations 200 No. of Adjoint Iterations | 300 -
_ TMO Workflow: turhulence Model-[-)esign Tool .
L. |.De5ign Region...J |_Design Variables...]
* Tralnlng Calculation Activities
= Optimize turbulence coefficients to match data from high fidelity simulation/experiment |: Monitor... | Autosave... :|
= Devise Neural Network to generalize the correlation between the optimized GEKO coefficients |__Execute Commands... _ | create Solution Animation...|
and flow features calculation
° Deployment | Initialize || Reset |
| Optimize |

= Incorporate the devised neural network into other similar simulations to reproduce tuned-GEKO |:
behavior -

Summarize |

| Apply | | Default | m | Help |

Train the GEKO turbulence model to yield results more like a
high-fidelity, high-cost scale-resolving simulation

Y \NnSyYS



Turbulence Model Optimizer Example 2,50 Hump Case

3D Periodic Hills Case Deployment >

= 968279

iodi Rey = 10400 X-velocitv
. M. Breuer et al
3 f ELES
LES = Reference
u/h —_—
Reference " =—————————

X=0p80
0.200 P

® Experiment
0.175 4 —— ELES

—— GEKO-Default
0.150 1 ——- NN-augmented

0.125 A

19

£ 0.100

0.075 A

0.050- X-velocity @ x=0.8
0.0254*
GEKO GEKO 000 o0 o0z o0a os o8 10 12
Default o
Default 8 -
N ® Experiment
A —— ELES
647 —— GEKO-Default
=== NN-augmented
Neural } g * Skin f
S in friction
Network Neural 6
Augmented Network
O =
Augmented
L] ANSYS Fluent (3, dp. poos, aele) -2

000 025 050 075 1.00 125 150 175 2.0
xir

NN augmented GEKO velocity nearly match

ELES/Exp.
I 11 15Y'S

16 ©2021 ANSYS, Inc.



Fluent: 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 lAPWS97
« 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 RGP file: 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)
* Accessed via TUI: define/models/multiphase/wet-steam/set/stagnation-conditions

Liquid mass fraction in a stationary cascade of
steam turbine blades

Y \NnSyYS



Wet Steam Model: User Interface

n Multiphase Medel

Models

Model

Off
Homogeneous Models:
Volume of Fluid
Mixture
Inhomaogenecus Models:
Eulerian

® Wet Steam

| Apply | m | Help |

PBNS

B Multiphase Model X
Model

. DBNS

Wolume of Fluid
Mixture
Eulerian

® Wet Steam

() G -

Text User Interface

Jdefine/models/multiphase /wet-steam/set=
droplet-growth-rate rgp-tables o virial-equation
max- liquid-mass-fraction stagnation-conditions

Jdefine/models/multiphase /wet-steam/set> droplet-growth-rate

Use H1ll's formula for the droplet growth rate? (if no, Young's formula will be used) [no] no

Enter modeling parameter, alpha [9] ©
Enter modeling parameter, beta [1] 1

/define/models/multiphase/wet-steam/set> virial-equation

Use Young's virial equation of state? (1f no, equation from Vukalovich will be used) [ne] no

Jdefine/models/multiphase/wet-steam/set> max-liquid-mass-fraction

maximum value for liquid-phase mass-fraction? [0.1] 0.1

fdefine/models/multiphase/wet-steam/set> stagnation-conditions
Compute stagnation conditions using the gas phase only? (1f no,

Jdefine/models/multiphase /wet-steam/set> rgp-tables
Use RGP tables for the wet steam model? [no] no

mixture will be used)

[nol] no
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User Interface to link the RGP table to WS model

Step 1: load the file with the table using Table File Manager, File-> Table File Manager ...

Table File Manager X

Tables
hzowv Info
h2ol Type : rgp-table-set

File s nfsfott/homel/psmirnoviturbo2fwet-steamjcases/DurhamSteamTurbing/H20-med_DurhamT.rgp

Component P H20W

Store in cas | #f

Memory Size 1 599.0 [KIB]

Material Name twater vapor

Description  Ansys 2022 R1, CAS# 7732-18-5, Metastable properties included.

Database ' MIST REFPROP W91

Molecular Weight 0 18.015 [kg/kmol]

Pressure Range » 1.000e4+03 ... 5.000e+04 [Pa]

Temperature Range : 274.000 ... 300.000 [K]

Critical Pres, : 2.208e407 [Pa]

Critical Termp. 1 647,096 [K]

|§| | Settings... | ‘ Delete | ‘ Cancel | | Help |

Step 2: in the TUI for the Wet Steam model, link the loaded table as follows:

Jjdefine/models/multiphase/wet-steam/set= rgp-tables

Jdefine/models/multiphase/wet-steam/set= Use RGP tables for the wet steam model? [nol yes
droplet-growth-rate  rgp-tables . virial-equation Available tables: (h2Zov h2ol)
max- liquid-mass-fraction stagnation-conditions Select table [] hzov

Linked table: hZow

Y \NnSyYS



Fluent TurboWorkflow
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B ExFluent

Fluent Launcher . - o . . ‘ .
CopaittyLev] Premiam - |« License$z {# < 2B € _Premium /2 _F (Premium s Enterprise)

Sirnulate a wide range of steady and transient Industrial applications vsing the generl-pupose setap,

Soluti solve, and post-processing capakilifies of ANSYS Fluent incloding advanced physics models for
Lo bl raultiphase, combstion, electrochernistey, and more,
Get Started With... Dimension
Cae Case and Dats O
Aero Mesh Tonmal ® 3D
. Options
Recent Files »
Post Analysis (Beta) D?’“He{ reesion _
(7] Display Mesh After Reading
(C) Lead &CT
() Start Server

Parallel {Local Machine)
Solver Processes 1

Solver GPGPUs per Machine o

4y 4

() Show Beta Launcher Options

v Show More Options * Show Learning Resources

Start Reset Cancel Help v
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B ExFluent TurboWorkflow

- Parallel Fluent@NB192.tadc.com.tw [3d, dp, pbns, sstkw, single-process] - O =
Domain Physics User—Defined Solution Results i Parallel Design n by (Gtrl+F) @ E Ansys
3 2 - 2 ¢ Y A} -
Mesh Fones Interfaces Mesh Models 1 Turbomachinery 1 TE- hu Fluent /T T fé ; _,;'\ I = Rlbbon
Display... D Scale... Gl Combine j==] Delete... L Append ﬁ Mesh —‘ Dvnamic Mesh.. Iz Turbo Warkflow - ' T~ —
) v Surf
(i) Info ) o Transtorem 0y separste g Deactivate = Replace Mesh =4 Mizing Planes Turbo Greafe Enable Workflow e urisee S i)q F’H Tu rbo WO r kfl OW °
i ; i Hide Workflow F
# Units... Check Cullt 2 Mzke Polyhedra 1 Adjacency... g Activate.. a Replace Zone . Crapes “W¢ Gap Madel.. ' '
Outline View <N Workfow Outline “iew ‘ User Window %
: Turbo Warkflow > 2@ 24 4 vz
=) ) D) , 2. B E<Turbo Workflow fé RGPS
- Setup - Workflow _
@ General 1 [ : %) L -1 _J
© |3, Describe Cornponent m ’ I _—
= &; Materials I—_I i ur O O e 3—‘ I/ > ¥ FI
AF Fluid ¥ @ Define Blade Row Soope - \ "I" . E‘_ -
+
solid < 'J % * %_ o
oo ¥ () ImportMesh 2 & oA RN TPy T
- Results r . T
& surfaces : E Assoclate Mesh N &5
¥ Graphics |

S .
¥ Map Regions
& |_ Plots = it '

+ [-] animations %, Create CFD Model

& D Reports . S
Parameters & Gustomization ! % Define Turbo Physics
+ Simulation Reports ; D Define Tocbo Reci d ;
: ine Tl gions and Zones g L
Y @ Define Turbo Topology _
Y Define Turbo Surfaces 5
¥ [:%) Cieate Report Definitions & Monitors ||
{ =
r
[ .
Oselected all -

Tonsole (hraphics
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TurboWorkflow

‘W kfloe Outline “iaw

| Turbo Workflow b =S ®

- Workflow A5 %,ﬁ_ Eﬁé‘ﬁill F\:B %Ei%i
: |_r_f"| Diescaibe Component /

r /2

Tf ~ L+ m‘,‘ . 4 3= 1)

] pL 2 R‘-f‘ B

! 3% Def’m&EladeROV e 1 rv* E

| n, 2, )| N X 2 — ) ., g .
'R associar Mesh

¥ MapRegions «——— Bt Lo B 2R T fe(dr @& Blade ~ Hub...shé &7 fR)

Yy Creare CFD Model < 33:1‘# 'CFD 4 45 e T

' @ Define Turko Physics » B

2 DﬂmTwmmgmm EEE AR (Rl B A

! Defing Torko Topology <— 3§ jlll f,;_ 4 B m;z’;: %(—QL";}-ZJ‘S]_J;F? rl‘:’ﬁhUbS/E- ‘= é\' TZ})

! @ Define Turko Surfaces \
’ > ,L y 2 514 - ~ . Er'
! [ Create Report Definitions £ Monitors po#s it ents rd? A
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Describe Component

Warkflow Dutling Wiew - aTialturhine 1
urbo Warkflow - = @ TS 7 = W . \
S 1 it 7R 453 > i E T R
" [ Descre Commponent ¥ 1% # Compressor 2 Turbine
' @ Define Blade Row Soops h
- () Tmport Mesh it P %EROW T
U sssociate Mesh b

" &% Map Regions
24, Create CFD Model
' @3 Define Turboe Physics

&

BRowen & %

B Rowsrsg ] 2 sk » 25 /i =+

o g~ wWwDN
S

' E] Defing Turko Regicns and Zones 2
! - ) B
& Define Turbo Topology ® ;E_ L ﬁ)’t i
Y L Define Turbo Surfaces
U [ Crente Repret Tefinitions & Menitors )] w\g N }—}: AL e
%% ;
; ; LEHF 4k § Gapz
Describe Component
Component Type Lxial Turbine - =
Component Maroe axialturbine_1 )
NumberofRows 2 B3 =
-
Row MName Type # Blades = Tip Gap? /L
row 1 stator_1 station: * 26 yES v ‘
row 2 rotor_1 rotating * 23 no -
row 3 stator_2 station: ¥ | 30 Y? hd

\nsys
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+ Component type

Axial Compressor Axial Turbine

S -

Radial Compressor Radial Turbine

/Ansys

Y ULV MII0Yyd, 1Hiv. | wullnuciiuul



Define Blade Row Scope

‘Workfow Dutline “iew -

Turbo Workflow o

= Workflow
v B Diezeribe Component

1 @2 Defins Blads Row Score N

¥ £ Taport Mesh

) Associate Mesh ~

' % MapRegions . :.

V24, Creste CFD Model .

Y @ Define Tuwko Physics N

' ] Define Torbo Regions and Zones Q

Y @ Define Turbo Topology @

Y Define Turbo Surfaces

! Create Report Definitions & Monitors b
Define Blade Row Scope

/]

L]
@

Row Name # Blades Include Row? >
row 1 stator_1 26 yes w7 s
row 2 rotor_1 23 yes il <
row 3 stator 2 30 yes e

Eow Mame
row 1 stator_1
row 2 rotor_1
row 3 stator_2

©2021 %, P fH % >3 T2 & Taiwan Auto Design Co.

26

26

azialturbine_1

i

# Blades

30 - 9 BrArdy i hTurbine 2
Compressor » ¥ + g ¥ F R {718 §
R T ARG 8- W e

F R EEE D BROWE 74 47
B ¥ 12 A Include Row® :z=no > Row
BRow® i d F H4pd e

P!

\nsys
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Import Mesh

‘Workfiow Outline “wiew
Turbo Workflow - 2@ 5 e M 1 PR —
° R EE Y T
= Warkflow -
v EI Diescribe Component

~— 3% P~.msh ~ .def ~ .cgns ~ .gtm
+ @ Define Blade Row Scope
-« (| ImportMesh
v () GVgm
v Rl.gm
v 51.gtm
VR sssocists Mesh

£% Map Regions

124, Create CFD Model
'~ @ Define Torbo Physics
' (] Define Turko Regions and Zenes

Import Mesh
Mesh File Fath

Inpored Mech Fils (0] FI &

Dv/ansysfile/Ansys course/Fluent/TurboWorlkflow/turbo_worlfl
Di/ansysfile/Ansys course/Fluent/TurboWorkflow/turbo_workfl
Dv/ansysfile/Ansys course/Fluent/TurboWorkflow/turbo_worlfl

AY

> & Taiwan Auto Desig

\nsys
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Assoclate Mesh

Warlfow Outline Wiew n Mesh
Turbo Workdflow N = SIO, <.
'E‘ »/L“,*)l ;%t:fj'),r‘:r/ B{,’A_,
D - (@ BT~ e 15 83 gy iR R AR
\/I—Elecrﬂ:eOomponmt X vy s — E =) 2 L, H 2 X oz 2
B —r;} .rjt y TP HE- R4 v}x | 2
+ @ Define Blade Row Soope N 1 72 e L e Te SR
e - >
< () hnportMesh 1@; ROW Ee iﬁi ¢
v GV gtm -
v El.gm
v Sl.gim
=1+
1 [B) sissociate Mesh :
¥ 8 MapRegions
24y | Create CFD Model O
' @5 Define Turbo Physics
* [ Define Turbo Regions and Zones s
\Associate Mesh
| Use Wirefraroe for Highlighting
Row MName Cell Zones
— o ig\f—inlet.ig\f—.
passage-main A
row 2 r ri-passage-main .
row 3 s1 s1-passage-main
©2021 % P H % >3 *T2 @ Taiwan Auto Design Co. \nsys
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Map Regions

Workflow Dutline Wiew ﬂ Mesh
Turbo Warkd low - = ] C < 2 on, 2, v Y2 ») ~2
v @ s | o P Y r e L 2
v @ siom (7 Mapping eh#: it » ] 4o -4+ hub
S : i B % 3 mapping 3 4254 ¢ hube %
© Je% Map Fegions
L ~
Y 24, Create CFD Model = ié' v
' @ Define Turbo Physics
' ] Define Turbo Regions and Zones -
' @ Defing Turbo Topology
Y Defing Turbo Surfares
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symmetry

periodic 1 igv-peri-inblock

periodic 2 igv-per2-inblock

tip1

tin 2
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Define Turbo Physics

Workdlaw Outline ‘iew ﬂ Mesh
Turbo Waorkflow A = @ Y ) "\ A P2 2 2, N
: KB AT A EE 2 ol
v £ igv-inlet_region_info_1 — s an I s, -~
- . . . ~ ': N v N v ~ ): "—j —
v |."£ igV-passage-mnaln_reglon_info_1 - *j 7}"_ 'I::’_—. \ g -3'!: ’ ;F'T *# 7}"‘ ']\i ’F{{r s El f ’:R
" [EF rl-passage-main_region_info_1 l% — Material Type Order Materials by X
23 sl-pissage-main_region_info | air fluid - @ Mame %&
o )

38, Create CFD Model — | Chemica] Formula Flunt Floid Materials e emnica ol

!* @ Define Tusbo Physics E air [ Fluent Datbase...

** [ Define Torbo Regions and Zones - Mure [GRANTA MDS Database..

none it "

t @ Define Turko Topelogy [ User-Defined Database...

Y Define Turbo Surfaces N ) -

i g . s

¥ [ Create Report Definitions & Monitors = ® Density kel mometant .
Define Turbo Physice 1225
Eotation Speed [radss] 1700708 ’ Viseosity [kzitn 51] constart - || Edit...
Orerating Pressure [Fa) o} &) 1 TEO4e-05

V| Energy

Worldng Fluid :

Air (ideal z3s) Air (incompressibls) (@) Existing Material )
Existing Fluid Material air ~ | (Create/Edit...] 1

« I
[ ChangerCreate | [Delete | (Help |
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Define Turbo Regions Zones

‘Workfiow Clutline “iew !
Turbo Workflow e 2| || @
o B3 igw-inlet_region_info_ =

' [£F igv-passage-main_region_info 1
|63 1l-passage main_region_info 1
+ 13 s1-passage-main_region_infor |
" 3%, Create CFD Model
+ % Defing Turbo Physics
' ] Define Torko Regions and Zones
Y @ Define Turbo Topology
Y Define Turbo Surfaces
£ [ Create Report Definitions £ Monitors

Define Turbo Regions and Zones

Inflow/Outflow

InfleweOuttlow Type Pressure Inlet, Pressure Or *
Pressure Inlet

Gange Total Pressure [Pa] 50000

Total Temperature [K] 282815

Flow Dirertion Mormal to Boundary -
Pressure Outlet

Gange Pressure [Pa] GOE00

+ | Radial Equilibrivm Pressure Distribution

(] Merze Zones
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Define Turbo Surface / Create Report

0¥ igv-rassage-main_region_info 1
" 0¥ 1l-mssage-main_regicn_info_1
" |18 s1-passage-main_region_info 1
o 314 Create CFD Model
+ % Define Tarbo Physics
+ [ Define Turbo Regiens and Zongs
-+ (§ Definz Turbo Topology
+ & tubo_toplogy_1
" £ Define Turbo Sudfaces
E [ Create Report Definitions £ Monitors

Workfow Outline iew — . Iso-Surface
Turba Workflow - A= é éé TL Lé_z‘f :"I léA‘ T_E'J—_ ':;1}117 \i fi_aﬁ —;’E?
LRI > LT R o
[:1/’7 N »

Define Turbo Surfaces

Mumaber of Turko bo-Surfaces 3
Surface Number Surface Name Const Span Value >
surface 1 twf_span_1 0.25 .
surface 2 twf span_2 0.5 .
surface 3 twf span_3 0.75 P
2y
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Fluent Outline
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Boundary Condition Setting
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igv-bld-high-geo-high

Fhase Type D

Speed twi_omega

n Create/Edit Turbo Interfaces

Mesh Interface
gti_igv_outflow_passage_r1_inflow_passage

Interface Zones Side 1
igv-outflow-passage

=] we

endwallgap_r1_shroud_tip_ggi_side_1_passage_r1_ |igu-outflow-passage

gti_igv_outflow_passage_r1_inflow_passage
gti_r1_outflow_passage_s1_inflow_passage

< I

Interface Interior Zones

r1-inflow-passage
r1-outflow-passage
r1-shroud-tip-ggi-side-1-passage
r1-shroud-tip-ggi-side-2-passage
s1-inflow-passage

v_outflow_passage_r1_inflow_passage-interior-1-1

Interface Options
Periodic Boundary Condition

v General Turbo Interface

General Turbo Interface
Pitch-Change Types
Pitch-Scale
No Pitch-Scale
®) Mixing Plane

=] we

Interface Zones Side 2
ri-inflow-passage

igv-outflow-passage
ri-inflow-passage
r1-outflow-passage
r1-shroud-tip-ggi-side-1-passage
r1-shroud-tip-ggi-side-2-passage
s1-inflow-passage

| Delete | | Display | |E| | Close | | Help |

© 2020 Ansys, Inc. / Confidential

\nsys



Expression
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Calculation

Residuals

—continuity —p-ratio —tot-mflow-outlet
—x-velocity 1e+01 112500 - =315000 ~
y-velocity 1
—z-velocity 1.2250 -4.0000
energy 1e+00 ] 1
—k 1.2000 =ty
omega ] i
1e-01 1.1750 1 5.0000 -
] -5.5000 -
1.1500 A )
1e-02 Expression: ] Expression-6.0000 -

p-ratio 1.1250 ' tot-mflow-outlet
5 kgis6-5000 -
1.1000 '
\ ] -7.0000 -

1e-03 1
\/\ 1.0750 1 1
- ] -7.5000 -
it N 1.0500 '
\\\ : ] -8.0000
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Result

Single Passage

contour-1
Total Pressure

1.32e+05

1.22e+05

1.12e+05

- 1.02e+05

b 9.27e+04

- £.29e+04

- 7.30e+04

- 6.32e+04

5.34e+04

4.36e+04

3.38e+04
[Pa]
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contour-1
Total Pressure

1.32e+05

1.22e+05

1.12e+05

t 1.02e+05

- 9.27e+04

- £.29e+04

- 7.30e+04

- 6.32e+04

5.34e+04

4.36e+04
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[Pa]
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Result

contour-1
Total Pressure
1.32e+05
1.22e+05
1.12e+05
twf_totpress twf_span_1 1.02e+05
Total Pressure[ Pa]
9.27e+04
M 00000 B N
33764.88 43583.09 5340130 63219.51 73087.73 82855.94 9267414 10249235 112310.5% 1221 28.77 131946 .98
7.30e+04
6.32e+04
5.34e+04
4 36e+04
3.32e+04
[Pa]
contour-1
Velocty Magnitude
337e+02
3.04e+02
InN_weimagiel span |
Vekcly Magriude | m ] 2709+02
2.36e+02
000 33.72 6745 10117 13490 16862 20235 23607 26980 308.52 337.25
1.69e+02
1.35e+02
1.01e+02
6.74e+01
337e+01
0.00e+00

[ms ]
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