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Usage From Across the Industry @D-adapco
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Outline @D-adapco

« Key Objectives
— Conjugate heat transfer
— Aeroelastic response
— Performance mapping

« Key Capabilities
— Complex geometry handling
— Conformal polyhedral meshing
— Harmonic balance
— Advanced post-processing

- Best Practice
— Mesh requirements
— Solution procedure



Conjugate Heat Transfer

Key Capabilities
» Direct CAD import
» 3D CAD editing
» Meshing
— Polyhedral cells

— Conformal interfaces
— Automatic prism layer generation




Cooled Turbine Blade @D-adapco

Key Capabilities
» Direct CAD import

Direct import of CAD
solid geometry




ooled Turbine Blade

Key Capabilities
« 3D CAD editing

CD-adapco
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ImportCad 1
Sketch 1
Revolve 1
DuplicateBody 1
subtractBodies 1
DeleteBody 1
Extract Internal 1
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External and cooling air

volumes generated
using 3D CAD
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Output - Run ‘i
Loading module: CoupledFlowModel
Loading module: KeTurbModel
Simulation database saved by:

STAR-CCM+ 7.04.006 (1inux-x86_64-2.3.4/anud.6) Fri May 25 16:02:30 UTC 2012 Np=4
Loading into:

STAR-CCM+ 7.04.006 (11nux-x86_64-2.3.4/gnu4.6) Fri May 25 16:02:30 UTC 2012 Np=4
Simulation database load completed.
Started default macro:
Au/xeonplS/people/custerc/. star-7.04. 006/ var/Journal /star692966359873092540. java
Loading/configuring connectivity (old|new partitions: 4[4)

Blade : 162729 cells, 1030579 faces

Air - PGP : 298956 cells, 1825667 faces

Air - Cooling : 162543 cells, 772242 faces
Configuring finished
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Cooled Turbine Blade

Key Capabilities

 Meshing

— Automatic mesh generation

CD-adapco

File Edit Mesh Solution Tools Window Help
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Automatic Surface Repair
CAD Projection

Mumber of Prism Layers
Prism Layer Stretching
Prism Layer Thickness
Surface Curvature
Surface Crowth Rate

* Pipelined meshing

 Simple global size settings

« Local refinement control

« Automatic solution interpolation

& [0 Surface Size
@  Tet/Poly Density

@  Tet/Poly Volume Blending

O wolumetric Controls
o @8 Physics: Air
o @ Physics: Blade
Regions
Interfaces
Derived Parts
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Solution Histories
Solution Views
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Plots
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Scenes

o= Ceometry Scene 1
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o= Scalar Scene 1
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Cooled Turbine Blade @:D-adapco

Key Capabilities
* Meshing [ Fewer cells required ]
— Automatic mesh generation

— Polyhedral cells
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Cooled Turbine Blade @:D-adam

Key Capabilities

* Meshing
— Automatic mesh generation
— Polyhedral cells

[ Good for swirling flow ]

Polyhedral cell faces are orthogonal to the flow regardless
of flow direction




Cooled Turbine Blade CD-adapco

Key Capabilities
« Meshing High quality cells, even

— Automatic mesh generation with complex geometry

— Polyhedral cells
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Cooled Turbine Blade

Key Capabilities

» Meshing
— Automatic mesh generation
— Polyhedral cells
— Conformal interfaces

@D-adapco

— Automatic prism layer generat‘[‘_on: . @

G

Cells are one-to-one
connected on the
solid/fluid interface

-

-

Fluid-side prism layers are by
automatically generated




Aeroelastic Response @D-adapco

Traditional simulation methods present many challenges
» Aeroelastic analysis must be run unsteady
» Traditional unsteady simulation is challenging

— Very long run times

— Must mesh the entire machine

— Hard to specify blade vibration

— Hard to extract stability information

« Harmonic balance method in STAR-CCM+
resolves each of these challenges

« The HB method is not available in any other
commercial package




Harmonic Balance Basics @D-adapco

 The harmonic balance method takes advantage of the periodic
nature of a turbomachine

» Solves a set of equations that converge to the periodic,
unsteady solution

 Full non-linear solver

» All unsteady interactions captured



Harmonic Balance Key Benefits @D-adapco

Rapid calculation of unsteady solution

» Unsteady simulation must be run for many timme steps to
converge

 HB simulation converges to the unsteady solution 10x faster

1000 T T T T
Red: Time Domain
800 | Blue: Harmonic Balance -
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Pressure Fourier Mode 1 Magnitude (Pa)
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Pressure Harmonic Time Function
ps 1.41000+05 1.44008+05 1.47000+05 .50
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Harmonic Balance Key Benefits @:D-adapco

Single blade passage mesh
» All blades must be meshed for an unsteady simulation

* Only one blade passage must be meshed for a HB simulation,
however the solution is calculated for all blades

Harmonic Balance

Time Domain



Harmonic Balance Key Benefits @D-adapco

Specify blade vibration
— The vibration of each blade is

staggered. This is known as the
“Interblade phase angle”

— To determine stability a simulation
must be run for each phase angle

— Traditional unsteady solvers require
manual set up of motion for each
phase angle




Harmonic Balance Key Benefits

Specify blade vibration

» Interblade phase angle is a simple input to the HB solver

@D-adapco

Flutter Parameters - Properties b4
¢ Properties

Flutter Freguency S000.0 radian,s Q
Flutter Phase Angle 180.0 deg |_|

Modes 1




Harmonic Balance Key Benefits

Work per cycle calculation
— Stability is determined by “Work per cycle”

— Traditional unsteady solver requires the solution
be saved at each time step and complex, external
post processing to determine this value

» Work per cycle is a simple report when using the
HB solver

@D-adapco

File Edit Mezh Solution Tools  ir
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simulation
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Example: Vane Flutter @n-adapco
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Example: Vane Flutter
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« Work per cycle map shows this vane will not flutter

Work per Cycle (J)

-0.2

-0.4

-0.6

-0.8

-1.2

AN

E

2180

-150 -120 90 -60 -30 0 30 60
Interblade Phase Angle (deg)

90

120 150 180




Performance Mapping @:D-adam

Key Benefits

« Complex geometry handling
» Polyhedral cells

* High quality mesh

* Prism layer generation
 Harmonic balance solver




Performance Mapping @:D-adam

Key Benefits
K_C-Iomplex geometry handling\
* Polyhedral cells
« High quality mesh =  Already discussed
* Prism layer generation
\¢ Harmonic balance solver  /
» Grid sequencing initialization
- Efficiency optimization with Optimate+
* Turbomachinery specific post-processing




Performance Mapping @Z‘D-adapco

Key Benefits 4 )

. L « Drastically reduce run time
» Grid sequencing initialization .
 Reduce need for ramping

 |ncreased simulation
robustness

Time to initialization: \ /
80 seconds

Absolute Pressure (Pa)

.75000.

67000.

59000.

Initialization Converged Solution



Performance Mapping

Key Benefits

» Efficiency optimization with Optimate+

CD-adapco

4@ Optimate v7.04.004

=

File Tools

Run Mode | Variables | Outputs | Assembly | Runl

Run Mode

(@) Design Exploration

[ use csv file

(7) Optimizatien using SHERPA
| Pareto Optimization using MO-SHERPA
() Design of Experiment

(") Robustness

0.401132

0.525962

0.349417

0.08 0.12

0.392856

40.0221429

I
0,392856

0481251

-0,140338




Performance Mapping @Z‘D-adapco

Key Benefits
» Turbomachinery specific post-processing

Blade-to-blade
projection

v

Absolute Pressure (Pa)
35000. 43000. _ 51000. 59000. 67000. 75000.

»



Performance Mapping @:D-adapco

Key Benefits
» Turbomachinery specific post-processing

Meridional
projection

Absolute Pressure (Pa)
35000. 43000. 51000. 59000. 67000. 75000.




Performance Mapping @D-adapco

Key Benefits
» Turbomachinery specific post-processing

Circumferential
Averaging

Absolute Pressure (Pa)
78000. 78800. 79600. 80400. 81200. 82000.




Validated Simulation: Radial Compressor @D-adapco

 Comparison with rig measurements
— Full performance curve
— RPM range
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Validated Simulation: Radial Compressor %D-adapco

* Installation effects
— Curved inlet duct
— Diffuser outlet
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Turbomachinery Meshing Guidelines @D-adapco

* Polyhedral mesh with extruded inlet/exit as needed




Turbomachinery Meshing Guidelines @:D-adapco

* High resolution of leading and trailing edges




Turbomachinery Meshing Guidelines @D-adapco

Uniform cell sizing in the primary gas path




Turbomachinery Meshing Guidelines

» All y+ algorithm with y+ values less than 5




Turbomachinery Meshing Guidelines @:D-adapco

« Last prism layer similar size to the first poly cell layer

Prism Layer Cells Y

Polyhedral Cells




Turbomachinery Meshing Guidelines @D-adapco

» At least 5 prism layers to resolve the boundary layer

__ Velocity Profile

% Boundary
X Layer

Wall




Turbomachinery Solution Guidelines <é’cp-amvz,um:o

File Edit Mesh Solution Tools Window Help

BaB®| @] > e n |

Reference Values =

@ compressor =

» Set reference pressure to be near the > @ Geomer

operating point -
o= [ Models

¢ [0 Reference Values
@  Minimum Allowable Wall Distance

@  Minimum Allowakle Temperature

LT e W @  Maximum Allowable Tem perature
ln.t'al Condltlons @ Reference Pressure
¢ @ Initial Conditions

. ¢ @@ Pressure
« Set velocity to a non-zero value L
atic Temperature
@ Constant

« Set initial pressure to the inlet or exit value, P @ Turbutence ey

@ Constant

v 2 @ Turbul Specificati
whichever is greater LR Tamtes v s
@ Constant

« Set temperature the inlet value T T Vol

¢ @ Velocity
.
o [ Regions
o= [ Interfaces
o= [ Derived Parts
o= [ Solvers
e [0 Stopping Criteria
[ Solution Histories
o= [ Solution Views
o [0 Reports
o= [ Monitors
o [0 Plots
o= [0 Scenes

—_

Constant - Properties =
% FProperties
Valug [0.0, 0.0, 20.0] m/s L]




Turbomachinery Solution Guidelines @:D-adam

File Edit Mesh Solution Tools Window Help

‘B @B b

Initialization

» Use grid sequencing initialization to obtain
an initial condition

 Ensure that each grid level converges

* Initialize solution using actual operating
conditions (do not ramp boundary
conditions or rotation rate) - & ot

e K-Omega Turbulent Viscosity

o= [0 Stopping Criteria
3 Solution Histories
o= [ Solution Views

Suggested GSI| parameters La
» Max iterations per level: 200 - & o
» Convergence tolerance: 0.005
 CFL number: 20

Maximum iterations per level 200
Caonver: gence to lerance perlevel 0.0050
CFL number 200




Turbomachinery Solution Guidelines CD-adapco

File Edit Mesh Solution Tools Window Help
S RaB R |imE| > « u =

Solver Settings T

@ compressor

» Use a high CFL number whenever possible, |[Z5&n

o= [ Regions

a CFL number of 20 is a good starting point Lo e

¢ O Solvers

» For cases with high and low speed flow i

[ Courant Mumber Ramp

regions, enable Continuity Convergence T e

¢ @ Expert Initialization

ACCEIeration @ Crid sequencing

3 Solution Driver

¢ [ |Conwergence Accelerators

? tﬁ Continuity Convergence Accelerator

[ Under-Relaxation Factor Ramp
? tﬁ AMG Linear Solver
@ VWV iycle
# Transition Boundary Distance

?

f K-Omega Turbulence
fe K-Omega Turbulent Viscosity
Stopping Criteria

?

Solution Histories
Solution Views
Reports

Monitors

Flots

Scenes
Representations

Coooooooo
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Tools

Convergence Accelerators - Properties o

¢ Properties
Convergence Accelerators Continuity convergence acceler.. w




Overview

« Key Objectives
— Conjugate heat transfer
— Aeroelastic response
— Performance mapping

« Key Capabilities
— Complex geometry handling
— Conformal polyhedral meshing
— Harmonic balance
— Advanced post-processing

- Best Practice
— Mesh requirements
— Solution procedure
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