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N ANSYS and General Electric Unlock Future Innovation with
onsswmnixz  New Collaboration Agreement

Joint technology collaboration agreement extends 20-year relationship to bring next-generation of products to life
May 07, 2014, O7:27 ET from ANSYS, Inc.

PITTSBURGH, May 7, 2014 /PRNewswire/ -- ANSYS (NASDAQ: ANSS) and GE Aviation are deepening their long-
standing strategic relationship by establishing a new joint technology collaboration agreement that will help solve

future engineering challenges and drive product development processes in a world of smart products and big data. The news you

Both organizations recognize the value of cutting-edge research and are jointly aligned in their desire to spur
need, when you

innovation by creatively applying simulation to the manufacturing and industrial space.

need it.
ANSYS and GE Aviation will work together over a range of applications to establish forward-looking analysis TORY IDEA
techniques that leverage expertise from both parties. In the first project under this agreement, ANSYS and GE
Aviation will investigate industry data to create new engineering best practices associated with the accurate
analysis of some of GE's core industrial products. Projects may include simulation of system-level product
performance, enhanced by live data, to predict overall system efficiency and maximize product life. o .

GE currently leverages ANSYS engineering simulation technology across its product portfolio to create best-in-

class products ranging from aircraft engines to high-fidelity MRI scanners. This new joint agreement highlights the Join PR Newswire for

commitment of both organizations to stay at the forefront of innovation and productivity. Journalists to access all of
the free services designated

) ) , ) to make your job easier.
"We have employed the power of ANSYS simulation for over two decades to confidently design and analyze our

In need of subject matter
experts for your story?
Submit a free ProfNet

products and quickly bring them to market,” said Christopher Lorence, general manager of engineering

technologies at GE Aviation. "This new strategic agreement will allow us to work more closely with ANSYS and push

the boundaries of engineering even further.” request and find the sources
you need.

"GE is an industry leader that has built its reputation on providing world-class products and services like advanced

Jet engines and power systems,” said Jim Cashman, ANSYS president and CEC. "Our long-standing relationship LEARN MORE

with GE Aviation provided a strong foundation for this new collaborative agreement, and we're confident that the

vecltivar imcirhd wrill frrthor calidifo N 'e ctatie ac laadar s inmaoatiae in tha rendoste sncd seavleate it camene WA
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About the G5 Consortium
G5 Research Projects
G5 Consortium Members

G5 Meetings &
Teleconferences

Contact Us

GUIde 4: 2009-2013

e Members:

About the GUIde 5 Consortium

The research sponsored by the GUIde Consortium is
interdisciplinary in nature and requires research in the areas
of structures and fluid mechanics. The first three iterations
of the GUIde Consortium were centered at Carnegie Mellon
University for nearly 15 years. In 2008, the GUIde 4
Consortium Center for Aeromechanics was established
within the Mechanical Engineering and Materials Science
(MEMS) Department at Duke University. The newly formed
GUlde 5 Center for Aeroelasticity continues this tradition of interdisciplinary
collaboration with a focus on high-cycle fatigue in turbomachinery. The GUIde 5
Consortium Center Director at Duke is Dr. Robert Kielb. Duke remains the legal entity
that forms contractual agreements with the industrial companies, government
agencies, and the selected research institutions.

° Industry: Rolls Royce, GE, Honeywell, Siemens, IHI, MHI, Doosan, PW, ANSYS

o Government: NASA Glenn, NASA Marshall, USAF AFRL

o Research: Duke U., Purdue U., U. Mlchlgan Texas A&M U.
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* Turbulence modeling (RANS, LES, SAS, DES)

* Droplet evaporation and boiling * lgnition

— Models available in Fluent

5. Mixing of fuel — Detailed reaction modeling
4. Droplet vapor and Air 6. Ignition

Evaporation (Turbulence)

7. Primary Combustion

8. Secondary Combustion

mbustor exit
Products of combustion

Pollutants (Soot, NOx, CO, UHC)

1. Fuel Injection l 9. Flame quenching
2. Primary Break- _

* Convert VOF droplets in to injection model .(¢] 3. Secondary Break-
With/withougivall film on swirl

— Statistical averaging
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structural rotational forces, fluid pressure loads and

Fuel injector leakage path solved using Fluent

and Coupled Field E ents ln Mechan/ca/
thermal stresses caused in part by the hot fluid. — _ ===
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Multiphysics Simulation Captures Gas
Turbine Blade Deformation

* GOAL: Ensure blades can withstand
thermal loading and centripetal force

— First stage blades in 40MW industrial gas turbines Stress distribution due to \i&
. . temperature variations
experience high temperatures and must meet

performance expectations even if they deform
* Transferred thermal load results from

CFD transient analyses to Mechanical to |
capture deformations and stress stress distribution due to i

centripetal force
* KEY RESULTS:

— Understanding of stress distributions = extended
blade life and reduced downtime

— Informed about the effects of pressure and thermal

forces separately and together >informed trade- Stress distribution due to g *\
centripetal force and

off decisions about materials and welds possible temperature variations

Courtesy Wood Group Heavy Industrial Turblnes AG
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C Cyclic HI’s, Nodal Diameters, EO

Frequency\vs. Modal Diameter vs. Se}étinn Factor far CB mode #1
SN00
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Modal Diameter
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Forced Response

36
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Determine blade response due to excitation from neighboring blade rows to

calculate fatigue life. Harmonic pressure loads mapped from CFD results.

CFD

Hot Geometry

CFD Unsteady Flow

Pressure Harmonic

Mechanical m

Structural Cyclic Model

Prestressed Static Analysis
Apply temperature and
centrifugal loading

Linear Perturbation Modal Analysis
Update geometry to hot

| M

ap to Structure Mesh

Forced Response Solution
Cyclic Mode Superposition

~ ANSYS UGM 2016 . —

Postprocess

F P
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Start to End Automation & Optimization

Project Schematic

b A

d © ceomery

il == Static Structural

Goal Driven Optimization

Design Exploration

August 31, 2016

2 ﬂi} Geometry " 4 2 @ Engineering Data " ——HW 2 @ Engineering Data v 4
2 3 rp:' Parameters 3 @ Geometry ¥ 4 3 e' Solution ¥ 4
Geomekry 4§ Model v 4 @ Results v
5 @ setup v 5 [pd Parameters —
CAD Access 6 Solution v 4 nCode SN TimeSeries (DesignLife)
7 @ Results v 4
2 8 rp:‘ Parameters —
Static Structural
Repeatable fatigue analysis process
|E'p1 Parameter Set \i|
- D w E [
W' coat orwen optmization : Easily repeatable
2 | [H Design of Experiments F 4 2 Parameters Correlation % f H H
. atigue analysis
3 EI Responze Surface T o Parameters Carrelation g y
4 @ Optimization F

Parametrics process
In ANSYS Workbench
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Turbine Blade Life Optimization

Increased Life of Components

stress and fatigue analysis

Life

1
-
-

3

sdahd

163413
9079.09

504426

Initial Design

Life Minimum
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Optimized Design

CAE tools are essential for
optimizing component life

ANSYS UGM 2016

Goal: optimize the minimum life for a titanium turbine blade based on

Tip

Pressure
Side

Suction
Qide

\

. Trailing
\ Edge
\

\ Airfoil
Leading | Root
Edge

Platform

Dove Tail




C/ Turbine Crack Propagation
Increased Life of Component

* Goal: Identify critical crack locations and
model state of stress

Equivalent Stress
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Structural Elements for Rotating Parts

Element Type m

Structural Mass . ,L.h:; MASS21
/L R mwgﬁ*

3D Beam BEAM188
BEAM189

3D Pipe PIPE288
PIPE289

Structural Shell SHELL181
SHELL281

SOLID185

3D Structural Solid SOLID186
- SOLID187

: U

General Axisymmetric Solid SOLID272

: k *;;; % SOLID273

August 31, 2016 ANSYS UGM 2016

Fourier Nodal Planes
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Features pertaining to Rotordynamics

* Static prestress analysis 7&/\ |

« Damped and Undamped Modal analysis

* Harmonic (unbalance) response ) e
* Linear and non-linear transient analysis

* Orbit plots

* Campbell diagram R NS

« Whirl animation S T F

* Critical Speed Map I /
¢ Multi-spool simulation .
:.:}:' - ?j:f?,z%:f:zz:é BEARTNG ;:?:, i ANSYS
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Modal Analysis — Campbell Diagram

Campbell Diagram

1.49e+4 o
o ° — & MODE-1 -BW - STABLE
|o50ps @@ 0G0 @ ——&— MODE-2 - FW - STABLE
——&— MODE-3 -FW - STABLE
_ — & MODE-4 -BW - STABLE
plesd ——&— MODE-5 - FW - STABLE
- —&— MODE-6 - FW - STABLE
£ 7.5e+3 & MODE-7 -BW - STABLE
3 e RATIO = 1
9 A&  CRITICAL SPEED
L 5.e43
Critical Speed 2.5¢43 = .
o
Whirl Direction 0 * e
0. le4 2.e+4 3.e44 Set up a Multiple Load Step
Sta bi|ity Rotational Velocity (rad/s) Modal Analysis
Mode Whirl Direction | Mode Stabiity | Critical Speed 0. | 5000. | 10000 |
1. BW STABLE 2955.5 526.27 431.73 351.36
2 Fi STABLE 37742 526.43 624.79 714.91
3, FW STABLE 5381.8 856.54 856.54 856.54
4, BW STABLE 12605 29336 2447.1 2118.3
5. Fi STABLE NOME 2942.4 3620.9
G. Fiv STABLE MNOME 8716.7 8716.7
7. BW STABLE NONE 12686 12695

43 © 2016 ANSYS, Inc. August 31, 2016 ANSYS UGM 2016
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AMFperner
s - Bird Strike

Bird strike on a turbine
blade section

Bird strike on a
composite wing

Bird strike on a radome
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ANSYS Explicit - Blade out

Directional Velacity
Type: Directional Welocity(Y Axis) 14.0)
Unit: m/s
Coordinate System 2
Time: 1. 1755e-038

/1201 15:47 =
s
317.21 Max S, \“\\\Q\\\\\&‘
24887 i ‘\\\\\\\\\\\‘\“
180,52 == ‘: S \““‘ \\\‘\\\\\‘\‘\\\
112,18 S =
& ot Ly

o i m\}% A i ‘k‘ti:‘:"“‘:‘ ST “"\\\ ,‘
s S W
e Sl SEEm, s
2955 s BT \‘\'\‘
-297.80 Min
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9.
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A=A ENHSANSYS

ANSYSTER iR
ANSYSTEMEEHLE R IR R
ANSYSTERMR SRR A
ANSYSTERIRERHAPGIFIZIT AR
ANSYSTEZRESE AR TR
ANSYSTEZ SR B S RENBA%-RRI R
ANSYSTEREFEN B PRIRI
ANSYSTESES R F SRR

10. ANSYSTER ENHE i it rRRIRI A
11. SYIRIBFREREINIE T RRI R

12, Bgk
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ANSYS CFD : Aeroacoustics Simulation Capabilities

FFT Post Processing
Using
« ANSYS CFD Post

| Near field |

.  ANSYS Fluent
CFD Steady/Transient
Simulations
. 1

Noise levels at the
observer position

| Far field |

——

X

CFD Prediction of

Aero-Acoustics Sources

« FW-H Method
 Turbo Noise Macro
« Third Party BEM/FEM

Codes Coupling /
Interface

© 2016 ANSYS, Inc.

August 31, 2016 ANSYS UGM 2016
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Aeroacoustics Modeling of a Centrifugal Fan Using

CFX: CAA

» Aeroacoustics Modeling of a Centrifugal Fan Using ANSYS CFX

C

Far Field Microphones

Turbulence length scale/Impeller tip diameter
0.006

0.004

0,003

0.002

0.000

9 ¢. 100 (m)
L S—
0.050

N
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Aeroacoustics Modeling of a Centrifugal Fan Using

CFX

: CAA

Aeroacoustics Modeling of a Centrifugal Fan Using ANSYS CFX

130

120

110
100
a0
80
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60
a0
40
30
20
10

| —&@)— Experiments |
11 I SAS model
_lh'l' i 1 &

: BRilRNaLL

1 T
0 500 1000 1500 2000 2500 3000

Frequency, Hz

130

120
110

—&— Experiments |

100 —
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G0 —
50

SAS model

l.”.ll .

bl

llu]]l

40
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I

20

10

0

500

1000

1300

2000 2500 3000
Frequency, Hz

Microphone #1

August 31, 2016

Microphone #4

Near Field Noise Prediction I
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C*E*‘*** And has been used to re-certify aircraft with major
g regulatory bodies without the need for icing tunnel
studies

@ Federal Aviation

N Administration CANADA
CIVA L BOILACT O LY
AUTHORITY “Kroratld

(U

77 —————=—==
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Key technical feature advantages include:

Ice roughness prediction without heuristics using a proprietary beading model

Impinging droplets form small beads on the surface.
() (@\ (@) (=)

Beads start to coalesce once maximum surface coverage is

reached.

Bead growth stops when the average bead

height hits the local limit.

The excess liquid part of the beads runback.

Predicts 3D spatial and temporal variation of ice roughness on nacelle and wing

Bead height (mm)

0.0 1.0

August 31, 2016
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10.

11.

12.
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13.
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ANSYS Multiphysics ‘At A Glance’

FSI: Pressure/Force Electromagnetics — Thermal

Z Fluid Cooling Coupling
FSI: Temperature/HTC \

Thermal/Structural Fluid Flow
Analysis Analysis
A

Electromagnetics —
Thermal Fluid Cooling —
Thermal Stress Coupling

External Data Electromagnetics —
Thermal Stress Coupling

© 2016 ANSYS, Inc. August 31, 2016 ANSYS UGM 2016

Low and High
Frequency
Electromagnetics



C Axial Turbine Blade FSI Modelling
Increased Life of Components

 Goal:

* Compute thermal, mechanical and life properties due to
thermal loading from the hot gas path

Transitional Turbulence
CFD Simulation

Stress

—p>

57 © 2016 ANSYS, Inc. August 31, 2016
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Surface Heat Flux and Heat
Transfer Coefficient (HTC) data
for Cold and Hot conditions

Fatigue Analysis

\l, Steady State Thermal

. T for Cold condition Structural Analysis
2 @ s ey used as initial state for

External Data surface data Transient Thermal

- ™M - - i
il I External Data B8 U Transient Thermal 1 |E ctural C)
2 @ setwp v o4 12 @ Engineering Data v 2 & EngneeringData  ,——— -2 & EnginesringData + 2 | @ Enginsering Data v 4
External Data Yolums temp - cold 13 W) Geometry . 3 W) Geometry v ————}m3 W) Geomebry v le 3 | @) Solution F 4
14 @@ Model 4 4 @ Model v oa—————hm @ Model A 4 @ Results
s @ Setup v 4 s @ setup v 4 o5 § setup v o4 5 | [5d Parametsrs -
- & |5 Solution v 4 6 G solution v 4 6 G solution v ‘< nCode SN TimeStep (DesignLife)
Volume 7 @ Resuks 4 7 @ Resuls 4 7 @ Resuls v o4
Tem pe rature Steady-State Thermal - Fluent mapping Transient Thermal Static Structural
data for Cold
cor_'d_'t_'oln used Transient Thermal . Tt
as ";'.t'_a solution with initial 2 & cecnety 2 & Earerinatats <
condition Cold condition and Submodsl Geometry : g;::letrv : a
thermal cyclic 5 @ sehp v .
q & |5 Solution v 4
Ioadmg | 7 @ Resuks v o4
Submodel - Static Skructural
N\
- u
1 W ermal )
) 2 | & Engineering Data = 2 | @ Engineering Data v o
Detailed Structural 3 |@ Geomey 74 o3| © soiion 7 .
Analysis on a part of * (O Y / #]® rous 7.
. 5 @ Setup - nCode EN Timestep (DesignLife)
EGR using Submodel 6 8 Solution v,
7 @ Resuls v . \
Steady-State Thermal
Fatigue Analysis on
\. Tls te Thermal the SmeOdel
\.2 & Engineering Data g
Validation of Thermal 5 G Geometry 2
. a @ Model v
mapping from Fluids o o
to FEA & @ salution v 4
7 @ Resls v 4
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Blade Flutter

Determine if the blade could enter self-sustained harmful vibration (flutter), due
to cyclic loading when its undergoing vibration at natural frequency

Import solid model Generate CFD grid in TurboGrid
‘ l
Pre-stressed modal
analysis in Steady CFX solution
ANSYS Mechanical l 5
¥ Setup CFX for unsteady, _
Export mode shapes oscillating blade ,
and frequencies l = ‘
Aerodynamic damping 5
. - Obtain CFX FT-TRS for a range of .

' " _ mode shapes + frequencies,
' amplitudes and nodal diameters

|

Flutter

Wall Power Density |, Post process results and \ o >/

_“. examine for stability (damping)
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