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ENERGY EFFICIENCY: 
A UNIVERSAL CHALLENGE
Turbomachinery engineers design diverse 
systems for many industries — but they face the 
shared challenge of maximizing efficiency. 
ANSYS software supports them in developing 
next-generation solutions.
By Brad Hutchinson, Vice President of Industry Marketing, 
Turbomachinery; Sandeep Sovani, Director of Global Automotive  
Industry; and Robert Harwood, Aerospace and Defense  
Industry Director, ANSYS, Inc.

T urbomachines power the world around us. “Turn 
or burn” systems play a central role in the cars we 
drive, the planes that transport us, and the elec-
tricity that powers our homes and offices every day. 

While the applications for turbomachinery are 
incredibly diverse, there is one challenge shared by 

turbomachinery engineers: the need to improve energy efficiency. 
For commercial airlines, fuel accounts for 30 to 40 percent 

of overall operating costs. While lightweight materials, improved 
aerodynamics and other initiatives help to drive greater fuel 
economy, engine enhancements are still the primary source of 
efficiency gains. The improved fuel economy of the Boeing 787 
Dreamliner and the Airbus A350 XWB are newsworthy examples. 
Furthermore, the airline industry is acutely aware of its responsi-
bility to the environment. While airline traffic makes a relatively 
small contribution to environmental pollution, efficiency gains 
go hand in hand with environmental benefits. 

In the global automotive industry, pressures to improve fuel 
economy come from many sources — including consumer cost 
concerns, tightening government regulations and increased 
awareness of climate change. Automotive engineering teams 
race to develop higher-compression engines; more-efficient  
turbocharger designs; and new composites, alloys and coatings 
that will dramatically improve fuel efficiency in cars and trucks. 

The world’s power generation engineers also focus on effi-
ciency innovations. The addition of renewables to the grid is 
forcing engineers to improve efficiency and durability to accom-
modate variable energy availability and loads. Improvements 
have yielded efficiencies of over 60 percent for gas and steam 
turbines operating in combined cycle mode — and at least one 

EDITORIAL

Simulation software helps 
turbomachinery engineers not 
only increase efficiency but  
deliver reliability, safety and 
low maintenance.

manufacturer has set the lofty target of 70 percent, which it 
plans to achieve by introducing a fuel cell to create a triple  
combined-cycle system. 

ANSYS has worked relentlessly to develop powerful simu-
lation software that helps turbomachinery engineers not only 
increase efficiency, but ensure that their systems deliver other 
critical benefits such as reliability, safety and low maintenance. 

With its multiphysics, systems-level perspective, ANSYS 
software provides engineers with an in-depth view not only of 
individual components but also of how turbomachinery com-
ponents interact as a sophisticated system. Engineers can feel 
confident that they are making the right trade-offs as they bal-
ance efficiency goals with other design criteria. With support for  
high-performance computing environments — including those 
residing in the cloud — ANSYS software can flexibly accommo-
date the large model size and complexity that turbomachinery 
simulations call for.

In addition to creating fast and accurate general simulation 
tools, ANSYS has developed highly specialized turbomachin-
ery software. These tools help engineering teams model com-
bustion and turbulence with much greater accuracy, explore the 
use of composites and other advanced materials, simulate blade 
row performance, and take analyses to a new level of speed and 
precision. 

Unfortunately, there are no easy answers to the challenge of 
dramatically increasing energy efficiency for cars, planes, power 
plants and other engineered systems that rely on turbomachin-
ery. These systems encompass a plethora of moving parts, fluid 
flows, mechanical stresses and control systems. Elevating per-
formance means optimizing incredibly complex processes. 
Mastering efficiency in the face of such complexity, while also 
improving other performance aspects, requires sustained engi-
neering focus and effort. 

Despite the magnitude of this technical challenge, our custom-
ers continue to introduce turbomachinery innovations that raise 
the bar for efficiency and other critical aspects of performance. 
We are excited to share some of their success stories with you 
in this issue of ANSYS Advantage. Looking ahead, we believe we 
all benefit from sharing our customers’ results — and, of course, 
we support your efforts to make evolutionary gains that increase 
energy efficiency, while also protecting your other essential  
product promises. 

http://www.ansys.com/Business+Initiatives/Improving+Energy+Efficiency
http://www.ansys.com/Business+Initiatives/Improving+Energy+Efficiency
http://www.ansys.com/Business+Initiatives/Systems+Engineering+for+Smart+Products
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NEWS

Simulation in the News
HYPERLOOP WILL WORK, SAYS 
SOME VERY SMART SOFTWARE
Bloomberg Businessweek
businessweek.com, September 2013

Elon Musk unveiled his hyperloop high-
speed transportation concept in August; 
ANSYS fed the specifications into a com-
puter in September to study the feasibil-
ity of the idea. The team, led by Sandeep 
Sovani, used a virtual mockup of a pod 
and tube to study the air pressure. The 
simulation showed very uneven stress 
markings alongside the body of the 
pod. “We see a lot of shear stress areas,” 
Sovani said. “In something like an air-
craft, the patterns would be very uni-
form.” Bearings on the top of the pod 
would help the device stay balanced dur-
ing slight changes in air pressure. Sovani 
plans to keep tweaking the design of the 
Hyperloop pods in ANSYS software and 
eventually send Musk some suggestions.

 Sample results from a CFD simulation 
illustrate velocity vectors of drilling mud flow at 
the surface of a drill bit. Color ranges are red for 
maximum and blue for minimum.

SPEEDING UP DEFENSE SIMS
Defense News 
defensenews.com, July 2013

As exciting as it can be to simulate explosions, developing code for this purpose is pain-
staking. A joint project between ANSYS and the Army Armament Research, Development 
and Engineering Center resulted in an interface that wraps around the complex codes 
used for government simulations to create an easier-to-use environment. The codes 
model objects that explode or the things they hit. Research can be directed at changing 
body armor, weapons and the tactics that are used in war. The software should simplify 
and speed up research and development by increasing productivity.

  
SIMULATION AND SENSORS ADVANCE THE DIGITAL OILFIELD
Offshore
offshore-mag.com, May 2013

While trying to increase production from oilfields and deepwater reservoirs, R&D 
teams face high temperatures and pressures, longer tiebacks and more expensive oper-
ations. Author Ahmad Haidari of ANSYS states that companies are developing digital 
oil fields with simulation to reduce risk, increase efficiency and maximize recovery. 
Drilling can be completed more efficiently with electronic sensors on drill bits, lead-
ing to faster drilling rates and reduced damage and drill wear. Engineers employ ANSYS 
software to create robust drilling techniques as they move from traditional methods 
to simulation-based techniques. Haidari 
also describes how simulation is applied 
to flow assurance and vibration, electro-
magnetic analysis, and embedded soft-
ware that manages the complex inter-
action between software, hardware and  
human/machine interfaces.

 
BENEATH THE LAYERS: COMPOSITE COMPLEXITY
Desktop Engineering
deskeng.com, August 2013

Composites materials are incorporated into many new products, but they aren’t always 
easy to work with. Even as engineering software adds features to simulate the abilities 
of composites, designers still face challenges working with these materials because of 
the slight differences between similar fabrics. When asked about working with compos-
ites, ANSYS’s Pierre Thieffry admitted that “everyone will use a different flavor of car-
bon or fabric, so they will have to characterize it on their own. That’s one of the chal-
lenges with composites.” Even with such difficulties, engineers continue to improve 
product designs with revolutionary materials.

  
ANSYS AND GOSNIIAS PARTNER 
TO INCREASE SAFETY IN RUSSIAN 
AEROSPACE INDUSTRY
MCADCafe
mcadcafe.com, August 2013

The state-run scientific research insti-
tute GosNIIAS, which supports aviation 
development in Russia, has partnered 
with ANSYS to meet worldwide aerospace 
standards. Researchers there use SCADE  
solutions from ANSYS in an effort to 
streamline code generation of avionics 
system architecture to rapidly improve 
aircraft safety.

http://www.businessweek.com/articles/2013-09-18/elon-musks-hyperloop-will-work-says-some-very-smart-software
http://www10.mcadcafe.com/nbc/articles/1/1214436/ANSYS-GosNIIAS-Partner-Increase-Safety-Russian-Aerospace-Industry?interstitial_displayed=Yes
http://www.defensenews.com/article/20130705/TSJ02/307050014/Speeding-Up-Defense-Sims?odyssey=nav%7chead
http://www.offshore-mag.com/articles/print/volume-73/issue-5/drilling-and-completion/simulation-and-sensors-advance-the-digital-oilfield.html
http://www.deskeng.com/articles/aabkxk.htm


© 2013 ANSYS, INC. ANSYS ADVANTAGE  Volume VII  |  Issue 3  |  2013         5

� Ferrari uses ANSYS software to gain an 
advantage in GT racing.

� Use of engineering simulation helped ETNZ to 
improve yacht aerodynamic performance in both 
downwind (top) and upwind (bottom) conditions.

 Kawa Engineering employed ANSYS 
simulation to help locate a powerhouse close to 
a waterfall in a spot that would reduce flood risk. 
IMAGE COURTESY KAWA ENGINEERING LTD.

As products 
become more 
complex, CFD 
simulation 
is helping 
to fine-tune 
performance 
of existing 
technologies.

SWISS ARMY CFD
R&D Magazine
rdmag.com, June 2013

CFD initially was a specialized tool used 
at aerospace corporations, but it is now 
indispensable for product designers in 
all industries. Applications range from 
the world’s largest hydropower plant 
to a rear-view car mirror. As products 
become more complex, CFD is helping to 
fine-tune performance. In the academic 
world, researchers have approached CFD 
simulation as an opportunity to test the 
limits of what fluid flow analysis can do 
to further expand the fundamentals of 
physical understanding. 

ANSYS, FERRARI EXTEND 
PARTNERSHIP
TenLinks
tenlinks.com, September 2013

A world leader in the automotive industry, 
Ferrari is improving the endurance of its GT 
race cars with ANSYS simulation. Using CFD 
to optimize critical components, like brake 
cooling systems and full-body aerodynam-
ics, Ferrari improves race cars while work-
ing under tight development timelines and 
strict regulations. Extending its Formula 1 
racing relationship with ANSYS to include 
the GT division allows Ferrari to validate 
and quickly optimize designs without los-
ing valuable aerodynamic advantages or 
overheating brake systems in tough endur-
ance races. Learn more on page 32.

  
SIMULATION SHINES LIGHT ON 
SOLAR ENERGY
Scientific Computing World
scientific-computing.com, July 2013

As renewable energy sources become 
more productive and reliable, manufac-
turers can benefit greatly from simulation 
technology. Solar energy and solar pan-
els are being incorporated into commer-
cial building designs; they also are being 
added onto existing homes by owners 
who are interested in producing renew-
able energy. ANSYS’s Ahmad Haidari 
stated that the aim is to change the man-
ufacturing process so that less material 
is used, creating a less expensive prod-
uct. More conventional structural engi-
neering can be enhanced by simulation 
to optimize products for stresses and 
loads, ideal placement, wind-loading and 
mobility. 

ANSYS SPEEDS INTERNATIONAL 
YACHT RACE WINNER
MarineLink
marinelink.com, August 2013

Emirates Team New Zealand’s ability to 
deliver fast design improvements to its 
yacht with ANSYS CFD helped the team 
claim the Louis Vuitton Cup and a chance 
to compete in the 34th America’s Cup. In 
the hypercompetitive sport of yacht rac-
ing, Emirates Team New Zealand encoun-
tered complex challenges. Simulation 
developed optimized solutions for the 
aerodynamic performance of the wing 
and sails without spending time building 
physical prototypes. 

http://www.rdmag.com/articles/2013/06/swiss-army-cfd
http://www.ansys.com/staticassets/ANSYS/staticassets/resourcelibrary/casestudy/KAWA-Case-Study.pdf
http://www.tenlinks.com/news/PR/ansys/092013_ferrari.htm
http://www.marinelink.com/news/international-speeds358015.aspx
http://www.scientific-computing.com/
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BEST PRACTICES

T he turbo sector faces the pressing 
challenge of increasing the energy 
efficiency of not only the world’s 

more than 3 million major turboma-
chines — but all turbo-related equipment, 
whether it burns fuel directly (as in the 
case of gas turbines), whether energy is 
consumed in the process of driving the 
machines (as with industrial compressors), 
 or whether it extracts energy from a flow 
stream (as for water turbines). It’s been 
proven that even fractional improvements 
in fuel performance yield substantial eco-
nomic benefits. Experts estimate that just 
a 1 percent increase in fuel efficiency 
would deliver $30 billion in savings for 
the global commercial aviation industry 
over a 15-year horizon. The world’s gas-
powered energy plants could realize a 
$66 billion financial benefit by achieving 
that same 1 percent improvement [1].

Gearing 
Up for the 
Future
Increasing demands for e�ciency are only 
the beginning; turbomachinery engineers are 
working diligently to improve every aspect 
of system performance.

While efficiency is a huge concern, it 
is only one urgent priority on the agenda 
of the world’s turbomachinery engineers. 
Every day, they must balance concerns 
about operating efficiency or fuel econ-
omy with a range of other initiatives for 
cost and performance improvement. 
Energy efficiency initiatives are not only 
driven by cost, but also by environmental 
concerns, since reduced energy consump-
tion generally relates to reduced carbon 
emissions (and it is one concrete way of 
measuring progress and compliance).

For example, according to the 
International Air Transport Association, 
in 2012 fuel costs accounted for approxi-
mately 33 percent of the overall expenses 
of the world’s airlines [2] — but the other 
67 percent of costs relates to applications 
that could benefit from improvement 
as well. To succeed in an increasingly 

crowded global marketplace, airlines are 
driving costs out of every area of their 
operations, including aircraft mainte-
nance. Every innovation that targets fuel 
efficiency — such as new composites 
materials that reduce weight — must meet 
a host of other performance criteria. They 
must be proven durable enough to also 
reduce lifetime maintenance and repair 
costs. And, of course, composites must 
demonstrate sufficient strength to ensure 
passenger safety under a full range of 
flight conditions.

Engineers of turbomachinery for auto-
mobiles, power plants and other applica-
tions face similar Catch-22 engineering 
challenges. While the universal mandate 
for increased efficiency receives an enor-
mous amount of attention — as well as 
a large percentage of R&D dollars — the 
reality is that it is just one performance 

By Brad Hutchinson, Vice President of Industry Marketing, Turbomachinery, ANSYS, Inc.

http://www.ansys.com/Industries/Industrial+Equipment+&+Rotating+Machinery/Gas+&+Steam+Turbines
http://www.ansys.com/Industries/Industrial+Equipment+&+Rotating+Machinery/Industrial+Compressors,+Expanders+&+Turbochargers
http://www.ansys.com/Industries/Industrial+Equipment+&+Rotating+Machinery/Pumps+&+Water+Turbines
http://www.ansys.com/Business+Initiatives/Improving+Energy+Efficiency
http://www.ansys.com/Business+Initiatives/Improving+Energy+Efficiency
http://www.ansys.com/Industries/Industrial+Equipment+&+Rotating+Machinery
http://www.ansys.com/Business+Initiatives/Improving+Energy+Efficiency
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Specialized transient blade row methods 
can accurately predict blade row 
performance over time and a range of 
real-world operating conditions.

consideration. Optimizing reliability, 
safety, operating flexibility, noise, main-
tenance, environmental impact and time 
to market are other design pressures that 
turbo engineers feel acutely. 

Because of ongoing demands to 
improve performance, turbomachin-
ery engineers were among the first to 
embrace the power of engineering simu-
lation. From the earliest days of simula-
tion use in the sector, product developers 
recognized the power of building, testing 
and verifying their advanced systems in 
a cost-effective, low-risk virtual world. By 
identifying performance issues at an early 
stage, before making large investments of 
time and money in prototypes, turboma-
chinery engineers have made incredible 
strides in continually improving overall 
design robustness, along with introduc-
ing innovative performance features. 

BLADE ROWS:  
NEW TRANSIENT TECHNIQUES
The fluid flow through blade rows affects 
many aspects of turbomachine perfor-
mance, including work input or output, 
efficiency and operating range. For prac-
tical reasons, traditional analysis of blade 
rows has focused on steady-state perfor-
mance. As good as it is, steady-state anal-
ysis fails to capture all the real-world 
intricacies of the flow as one row of blades 
rotates past another.

Specialized transient blade row meth-
ods from ANSYS — called transformation 
methods — accurately predict blade row 
performance over time, as well as over a 
range of real-world operating conditions. 
Irrespective of pitch ratio, these methods 
require modeling only one or two blades 
per row — yet still yield a full-wheel tran-
sient solution. Not only are problem-solv-
ing time and data storage space reduced 
dramatically, but smaller output files 
mean much faster post-processing of sim-
ulation results.

ANSYS has partnered with Siemens 
and other turbomachinery customers to 
apply these new transformation methods 
to a range of product design challenges. 
The results include dramatic improve-
ments in simulation time and cost, cre-
ating a significant competitive advantage 

— while also ensuring that product integ-
rity is maintained. 

New features and capabilities in ANSYS 
software enable engineers to predict 
turbomachinery performance and solve 
product design challenges faster than 
ever, with a high degree of confidence.

Today, as product development teams 
in this segment face more-intense pres-
sures than ever before, engineering sim-
ulation has risen to the top of the list as 
a critical competency. Computer-aided 
design tools help to elucidate perfor-
mance trade-offs at an incredible level of 
detail. Engineers can readily learn how 
their specific energy-efficiency initiatives, 
such as increased combustion tempera-
tures, affect related performance features 
like materials strength and durability. By 
providing insight into these trade-offs, 
engineering simulation has supported the 
development of many important technol-
ogy advancements in turbomachinery.

Today, new features in ANSYS  
software — combined with robust 
design practices and powerful high- 
performance computing environments 

—enable engineers to predict turboma-
chinery performance and solve prod-
uct design challenges faster than ever, 
with a high degree of confidence. Even 
the most complex design problems 
can be illuminated and addressed at 
an exacting level, as engineers strive 
to make ongoing improvements that 
balance efficiency gains with other 
critical design criteria. Following is a dis-
cussion of some of today’s most advanced  
turbomachinery design challenges — as 
well as strategies for answering them via  
engineering simulation.

http://www.ansys-blog.com/2012/02/15/transient-blade-row-methods-obtaining-accurate-transient-turbomachinery-solutions-faster-3/
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ANSYS has developed new high-fidelity 
simulation techniques for aeromechanics 
studies. By coupling ANSYS Mechanical 
with ANSYS CFX transformation meth-
ods for transient blade row analysis, 
product development teams can simulta-
neously consider the aerodynamics and 
mechanics of the blade row. Software 
from ANSYS supports the close coupling 
of multiple physics required to study the 
nuanced interactions of the fluid flow and  
bladed components. 

AEROMECHANICS: MINIMIZING 
VIBRATION AND FLUTTER
A catastrophic failure at the Sherburne 
County Generation Station in Minnesota 
in late 2011 caught the attention of the 
global turbomachinery industry. During 
an overspeed testing exercise, vibration 
was observed, then the blades broke; the 
80-ton rotor was twisted, and metal com-
ponents were thrown into an adjacent 
control room. While no one was harmed, 
this turbine failure is costing utility 
Xcel Energy more than $200 million 
and months of equipment downtime [3]. 
In public statements, Xcel noted that the 
vibration problem was a function of the 
original product design [4] — bringing 
new attention to the critical need to iden-
tify failure modes at the earliest possible 
design phase.

To help turbomachinery engineers 
meet vibration and flutter challenges, 

Software from ANSYS supports the 
close coupling of multiple physics 
required to study the nuanced 
interactions of fluid flows and 
bladed components. 

� Siemens and ANSYS are collaborating on the application of steady and transient blade row methods 
to the Siemens Platform Compressor test rig, a half-scale multistage industrial axial compressor. 
One objective is improved prediction of compressor stall. Good comparison between experiment and 
simulation has been observed, as reported in recent ASME Turbo Expo papers. COURTESY SIEMENS.

Blade flutter can be accurately mod-
eled via unsteady simulations for any 
range of nodal diameters using Fourier 
transformation methods. Forced response 
methods enable an assessment of stabil-
ity that considers unsteady flows, pre-
dicted by modeling only one or two blades 
per row. High-speed, iterative solvers from 
ANSYS reduce processing time, while still 
ensuring the high fidelity and design 
robustness needed to deliver safe, reliable 
results in real-world product applications.

http://www.ansys.com/Products/Simulation+Technology/Structural+Mechanics/ANSYS+Mechanical
http://www.ansys.com/Products/Simulation+Technology/Fluid+Dynamics/Fluid+Dynamics+Products/ANSYS+CFX
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COMPOSITES: ENSURING HIGH 
STRENGTH, RELIABILITY
While composites materials have gar-
nered much attention for their inclu-
sion in car bodies and aircraft fuselages, 
they also have important applications in 
turbomachinery. By fabricating turbine 
blades from these advanced materials, 
wind power companies in particular have 
combined light weight with outstanding 
aerodynamic performance.

ANSYS offers a specialized tool, ANSYS 
Composite PrepPost, for modeling layered 
composites — while ANSYS Mechanical 
APDL supports simulations of ceramic 
matrix composites. These materials 
show special promise because they can 
withstand the high temperatures associ-
ated with many turbomachinery applica-
tions. Earlier this year, ANSYS expanded 
its focus on composites modeling with 
its acquisition of EVEN — Evolutionary 
Engineering AG — a leading global pro-
vider of composites analysis and optimi-
zation technology.

This growing portfolio of composites 
modeling solutions allows turbomachin-
ery engineers to define the optimal mate-
rials formula and layering strategy, then 
subject their designs to simple physi-
cal stresses. By computing progressive 

damage, delamination and cracking, 
engineers can confidently predict fail-
ure modes under demanding conditions. 
As the role of composites grows in the 
worldwide turbomachinery industry, the 
capabilities of ANSYS software will also 
expand to anticipate evolving user needs.

COMBUSTION MODELING: NEW 
ACCURACY AND FIDELITY
The global drive for greater energy effi-
ciency has placed a new focus on the com-
bustion processes that lie at the heart of 
many turbomachines. Higher firing tem-
peratures can improve efficiency, yet they 
can degrade engine materials and shorten 
product life unless appropriate measures 
are taken. 

As turbomachinery engineers explore 
combustion innovations, they can rely 
on ANSYS for new capabilities that model 
the complexities of combustion more 
accurately than ever. Advanced model-
ing techniques from ANSYS — includ-
ing thickened flame, improved spray 
and fuel evaporation models — allow 

Composites modeling solutions allow 
turbomachinery engineers to define the 
optimal materials formula and layering 
strategy, then subject their designs to 
simple physical stresses.

� Airlines are driving costs out of every area of their operations. 

� Scale-resolving simulation (SRS) methods from ANSYS accurately capture large-scale structures 
in the combusting flow — supporting turbomachinery engineers as they explore new combustion 
strategies.

http://www.ansys.com/Products/Simulation+Technology/Structural+Mechanics/ANSYS+Composite+PrepPost
http://www.ansys.com/Products/Simulation+Technology/Structural+Mechanics/ANSYS+Composite+PrepPost
http://www.ansys.com/Industries/Materials+&+Chemical+Processing/Application+Highlights/Combustion+Systems
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engineers to better determine fuel–air 
mixing, flame position, temperature dis-
tribution and pollutant formation within 
combustors. High-fidelity meshing capa-
bilities, combined with advanced turbu-
lence modeling, give ANSYS users an edge 
by resolving the geometry and flow to the 
degree required for accurate simulation.  

Turbulence can be modeled via a vari-
ety of methods, depending on the needs 
of the engineering team and the specific 
combustion issue under study. ANSYS 
offers scale-resolving simulation (SRS) 
methods such as large- and detached-
eddy simulation (LES and DES) as well 
as efficient scale-adaptive simulation 
(SAS) tools.

ROTORDYNAMICS:  
ENSURING STABILITY
To combine light weight and a small pro-
file with incredibly high strength, tur-
bomachinery engineers make strategic 
trade-offs as they design rotor systems. 
Not only do they need to understand 
the dynamics of each individual com-
ponent, but they need to optimize the 
frequencies and vibration modes of the 
system as a whole. 

The compatibility of ANSYS 
solutions with high-performance 
computing environments — 
combined with the rapid solvers 
in ANSYS software — has taken 
heat transfer modeling to a new 
level of speed and flexibility.

ANSYS software helps to illuminate 
these trade-offs by demonstrating how 
specific design choices — such as shaft 
size, bearing properties and spacing, and 
housing stiffness — will impact such 
performance characteristics as operating 
range and stability. 

ANSYS has been steadily increas-
ing its capabilities to support engi-
neering teams in designing rotating 
machinery. Specialized functions in 

ANSYS Mechanical APDL help to stream-
line the import process for bearing prop-
erties, as well as for other component 
properties. Multi-spool simulation capa-
bilities enable realistic simulation of 
modern aircraft engines. Engineers have 
the flexibility to create full 3-D models of 
rotor systems or reduce their designs to 
axisymmetric models for faster analysis.

HEAT TRANSFER: OPTIMIZING 
THERMAL PERFORMANCE
As pressures escalate to increase energy 
efficiency via higher temperatures, ther-
mal management issues are coming to the 
forefront among turbomachinery teams 
around the world. 

By coupling ANSYS Mechanical with 
ANSYS CFD products, engineers ensure 
that engine materials can withstand 
high temperatures — while also optimiz-
ing the effectiveness of their engine cool-
ing strategies. Running these types of 
multiphysics studies is easier than ever 
due to improved capabilities in ANSYS 
Workbench to link fluid flows, conjugate 
heat transfer, thermal and mechanical 
stress, and deformation. Advanced turbu-
lence models from ANSYS also support the 
study of complex heat transfer processes.

With the need to simulate multiple 
physics under a comprehensive range 
of real-world operating conditions, heat 
transfer simulations can be very large and 
numerous. The compatibility of ANSYS 
solutions with high-performance com-
puting (HPC) environments — combined 
with the rapid solvers in ANSYS software — 
has taken heat transfer modeling to a new 
level of speed and flexibility.

BEST PRACTICES

� New transient blade row analysis capabilities in ANSYS CFX can be coupled with ANSYS 
Mechanical to simulate only one or two blades per row in an unsteady state. Blade vibration and 
failure modes can be identified across the full wheel, at a fraction of the previous computational 
time, cost and computing resources.

http://www.ansys.com/Resource+Library/Technical+Briefs/Turbulence+Modeling+for+Engineering+Flows
http://www.ansys.com/Products/Simulation+Technology/Structural+Mechanics/ANSYS+Mechanical
http://www.ansys.com/Products/Simulation+Technology/Fluid+Dynamics
http://www.ansys.com/Products/Workflow+Technology/ANSYS+Workbench+Platform
http://www.ansys.com/Products/Workflow+Technology/High-Performance+Computing
http://www.ansys.com/Products/Workflow+Technology/High-Performance+Computing
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ANSYS: CONTINUING TO RAISE 
THE BAR
In this issue of ANSYS Advantage, you’ll 
find many examples of how ANSYS cus-
tomers apply advanced technologies to 
emerge as global leaders in turboma-
chine efficiency — as well as other critical 
aspects of equipment performance.

Dresser-Rand employs engineer-
ing simulation to achieve a wider oper-
ating range for centrifugal compressors 
so these machines can operate reli-
ably under the broad range of flow rates 
required by processing industries. Mirjam 
Sick, head of R&D engineering meth-
ods at ANDRITZ HYDRO, explains how 
her company has used ANSYS technol-
ogy for about 25 years to arrive at innova-
tive new designs that deliver dependable, 
robust performance for clients around the 
world. Turbomachinery experts from PCA 
Engineers describe how they optimize tur-
bochargers for increased performance 
and efficiency. 

Whatever your own turbomachin-
ery engineering challenges, you’ll prob-
ably be inspired by these real-world 
testimonies to the power of engineering 
simulation. 

Turbomachines may never be simple to 
optimize. But ANSYS will continue to make 
advancements in our ability to model and 
predict turbomachinery performance.

� ANSYS partnered with PCA Engineers to model total blade surface displacement for 
NASA Rotor 67. To identify potential failure modes, the ANSYS-PCA team used unsteady 
calculations that relied on Fourier transformation methods. 

� Every day, engineers must balance concerns 
about operating efficiency or fuel economy 
with a range of other cost- and performance-
improvement initiatives. 

While few applications are as com-
plex as turbomachinery, the good news 
is that turbomachinery engineers have 
always been among the first to embrace 
improved simulation capabilities to meet 
their advanced challenges. 

Turbomachines may never be simple 
to optimize. But for more than 40 years, 
ANSYS has partnered with customers 
worldwide to make continuing advance-
ments in the ability to model and predict 
turbomachinery performance. Today we 
are all focusing on improving efficiency, 
but who knows what the future may 
bring? Whatever challenges lie ahead, 
ANSYS is committed to meeting the 
needs of this complex and ever-changing  
industry.  
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H eadquartered in Vienna, Austria, ANDRITZ HYDRO is a 
global supplier of electromechanical systems and ser-
vices for hydropower plants. As one of the leaders in the 

world market for hydraulic power generation, the company has 
installed more than 30,000 turbines globally, which are capable 
of producing 400,000 megawatts of output.

To keep pace with changes in international energy needs, 
growing environmental concerns and tightening government 
regulation, ANDRITZ HYDRO relies on engineering simulation 
to arrive at innovative new turbomachinery designs that deliver 
reliable, robust performance for customers around the world. 

This longtime ANSYS customer leverages the power of simula-
tion to help customers retrofit aging hydropower plants with new 
technologies as well as to troubleshoot performance issues for 
existing power generation systems.

As head of R&D Engineering Methods, Mirjam Sick man-
ages the organization’s engineering simulation efforts and other  
critical design activities. Recently, ANSYS Advantage asked 
Sick about the competitive challenges that ANDRITZ HYDRO 
faces today, how her team uses engineering simulation to 
meet these challenges, and her perspective on the future of  
hydropower engineering.

THOUGHT LEADER
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As a leader in the global hydropower industry, ANDRITZ HYDRO has built a reputation 
for product quality, design robustness and innovation. Head of R&D Engineering 
Methods Mirjam Sick discusses how engineering simulation has supported the 
company’s groundbreaking design e�orts for the past 25 years — and looks toward 
the future of simulation in her industry.

By ANSYS Advantage Staff
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What are the biggest challenges facing the hydropower 
industry today — and what role do engineers play in overcom-
ing them?
The global hydropower industry has changed dramatically in the 
past decade, reflecting changes in the broader energy industry. 
As other renewable energy sources, such as solar and wind, have 
grown in capabilities, the energy grid looks very different today. 
This has resulted in enormous demand swings for hydropower 
plants. At one time, demand was stable and plants were running 
continuously — but today there is a great deal of variability. This 
means that hydropower turbines, pumps and hydraulics must 
be designed for flexible operation and performance that is far 
more dynamic in nature. Our engineering teams must now ana-
lyze how equipment performs under off-design conditions that 
we would not have considered 10 years ago — including dynamic 
loads and flows that are close to stability limits. We must build 
our machinery to change quickly and efficiently to new operat-
ing modes. It’s not enough to design for the best-possible condi-
tion; our engineers must analyze performance over time, under  

conditions that are constantly changing. We need to consider 
how varying loads and flows affect lifetime performance. We 
need to design turbines that are incredibly robust and reliable. 
ANDRITZ HYDRO has an outstanding reputation for product qual-
ity, and we are working hard today to uphold that tradition, even 
as our engineering challenges have grown in complexity.

How has your use of engineering simulation evolved to help 
you meet these new performance demands?
Our engineers are doing more time-dependent simulations 
instead of focusing only on steady-state equipment performance. 
We’re looking at the interactions of static and rotating parts, 
instead of focusing only on the parts that are moving. We’re per-
forming dynamic stress analysis that allows us to increase our 
understanding of the impacts of changing flows and loads. Time-
dependent methods are required to analyze starts and stops of 
generators and turbines. In addition, our engineering team is 
conducting one-way coupling for computational fluid dynamics 
(CFD) and finite element method (FEM) studies. Electromagnetics 
(EM) simulation tools are helping us to optimize the performance 
of generators over their lifetimes.

Fortunately, as our engineering needs have become more 
advanced, engineering simulation tools have grown in their 
sophistication and their ability to support these kinds of in-
depth, multiphysics analyses. We’ve been very pleased with 
the way ANSYS software has improved over time to add these 
critical capabilities. Designing our advanced turbines, pumps 
and hydraulics without simulation tools would not be possible. 
Fortunately, ANSYS not only provides these simulation tools, but 
delivers excellent support for our analyses. The software enables 
us to replicate an incredible level of product complexity, as well 
as very challenging operating conditions, in a low-risk virtual 
design environment. 

How does ANSYS software help create a competitive advan-
tage for ANDRITZ HYDRO?
Our company is known in the industry for our engineering 
knowledge and our expertise in R&D. Worldwide customers come 
to us for superior new designs as well as for ideas to improve the  

Our engineers must analyze performance over time, 
under conditions that are constantly changing.

Software from ANSYS 
enables us to replicate 
an incredible level of 
product complexity.

http://storage.ansys.com/video/testimonials/andritz-hydro.mp4
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performance of their existing hydropower 
systems. We rely on ANSYS software to 
show customers that expertise in a visual 
way. If we are developing a new turbine 
system or refurbishing an older plant, we 
often show customers ANSYS simulation 
graphics that demonstrate exactly how 
the new machinery will work — or exactly 
where current performance problems 
arise, in the case of a plant retrofit. Our 
ANSYS tools help us interact with custom-
ers in a very professional and serious way, 
demonstrating our engineering knowl-
edge in a straightforward manner. The 
fact that we have validated all our designs 
via ANSYS gives our customers great con-
fidence in ANDRITZ HYDRO. They trust 
that our systems will work as promised.

We need to model complex 
problems much faster to arrive at 
new, flexible hydropower systems.

THOUGHT LEADER

ANDRITZ HYDRO is a good example 
of a global business, with a global engi-
neering team. How do you facilitate col-
laboration among your engineers?
In my view, it’s critical to have all our 
engineers using the same set of tools, 
including ANSYS software. This allows 
us to standardize our processes and our  
problem-solving approach across the 
entire organization — no matter what 
specific customer challenge our indi-
vidual engineers are focused on. We 
have been using ANSYS tools for about 
25 years, and today we have more engi-
neers doing simulation than ever before. 
That level of product innovation cre-
ates obvious strategic benefits, but it 
also means that we must continually 

share knowledge and encourage  
collaboration. Our global engineering 
team comes together in phone calls and 
meetings on a regular basis. We find it 
even more important that, every day, team 
members are applying the same toolkit — 
and advancing our collective knowledge 
of how to best leverage engineering simu-
lation as a discipline. 

What trends do you see in hydro-
power engineering over the next five to 
10 years?
While other renewable power generation 
systems are receiving a lot of attention, 
hydropower is still the most cost-efficient 
and readily available source of renewable 
energy. Today, only about 20 to 25 percent 
of global hydropower resources have been 
developed, which means there is huge 
growth potential in our industry. 

One important opportunity is to 
develop tidal turbines, or underwater 
windmills, that rotate based on the nat-
ural movement of tides. While this is a 
promising area, it represents an enor-
mous engineering challenge. It is difficult 
to accurately assess the changing envi-
ronmental loads of this type of power gen-
eration system. Any system would have 
to be designed for outstanding strength, 
since it is subject to rough conditions and, 
at the same time, difficult to access and 
maintain. I think over the next decade we 
are going to see hydropower engineers 
master this challenge and develop tide-
based hydropower plants that help the 
world address its energy challenges. This 
will be exciting to witness.

In more traditional hydropower 
installations, I think the biggest engineer-
ing challenge will be designing systems 
that can go from zero power to 100 per-
cent power very quickly, without any loss 
in long-term reliability. This means min-
imizing cavitation, vibration, and other 
sources of stress and wear within our 
machines. As consumer needs continue to 
fluctuate, and the energy grid evolves in 
its composition, the pressure to operate at 
variable speeds will only increase.

Engineering simulation software 
must expand its capabilities for us to 
meet these challenges. Time-dependent 
studies, turbulence modeling, flow insta-
bility and separation, vortex modeling, 
heat transfer in generators — we need 
to model these types of complex prob-
lems much faster to arrive at new, flexible 

� Pump impellers used for irrigation of agricultural land COURTESY ANDRITZ HYDRO.
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Optimizing System Performance
While ANDRITZ HYDRO is known for its innovative hydro-
power products, the company also applies its engineering 
knowledge to help troubleshoot problems in systems manu-
factured by competitors. Recently, the engineering team at 
ANDRITZ HYDRO was called upon to solve performance prob-
lems at a hydropower plant located in New Zealand.

“Because we use ANSYS software to simulate systems-level 
performance on a standard basis, we were able to quickly 

Without ANSYS, we would be 
building suboptimal machines.

I love the flexible way we are able to use 
ANSYS tools today to conduct root-cause 
analysis and add value for our customers.

hydropower systems. Simulation software 
from ANSYS has made tremendous strides 
since ANDRITZ HYDRO started using 
these tools 25 years ago, and I’m confi-
dent that ANSYS software will continue to 
evolve to meet our increasingly sophisti-
cated user demands.  

How would you describe your rela-
tionship with ANSYS?
ANDRITZ HYDRO has enjoyed a very close 
relationship with ANSYS. In fact, I would 
call it a “development partnership.” We 
have obviously benefited from our abil-
ity to apply ANSYS tools to validate our 
engineering designs. In turn, we have 
helped ANSYS understand the needs of 
very advanced users, and this has helped 
them to improve the modeling capabili-
ties of their tools. For new and complex 
applications, we have been collaborat-
ing by providing test cases, testing alpha 
versions of models, and working with 
dedicated research licenses. Without 
ANSYS, we would be building suboptimal 
machines. By using ANSYS, and partner-
ing with them to provide ongoing feed-
back, we can offer our customers a very 
high level of design robustness and prod-
uct confidence. I would say we have a very 
good partnership with ANSYS that has 
benefited ANSYS, ANDRITZ HYDRO and 
our global customers. 

� Simulation of a Francis turbine COURTESY ANDRITZ HYDRO.

model this existing system. We observed some damage and sus-
pected that a mistake in the basic design was causing wear issues. 
We identified the root cause of the problem — which was cavi-
tation in the system’s guidevanes,” said Mirjam Sick of ANDRITZ 
HYDRO. “We changed the design to minimize the cavitation, and 
the problem was solved in a very rapid, straightforward manner. 
I love the flexible way we are able to use ANSYS tools today to con-
duct root-cause analysis and add value for our customers.”

http://www.ansys.com/Products/Simulation+Technology/Systems+&+Multiphysics
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CENTRIFUGAL COMPRESSORS

Dresser-Rand designs compressor 
stages to operate at higher flow 
coefficients and higher machine or 
inlet-relative Mach numbers.

Pushing the 
Envelope

CFD simulation contributes to increasing the operating 
envelope of a centrifugal compressor stage.
By James M. Sorokes, Principal Engineer; Jorge E. Pacheco, Manager, Aero/Thermo Design Engineering; and  
Kalyan C. Malnedi, Manager, Solid Mechanics Group, Dresser-Rand Company, Olean, U.S.A.

C�entrifugal compressors, also 
called radial compressors, play 
a critical role in many process 

industries, including oil and gas, petro-
chemical, and gas transmission. These 
machines are used to compress a gas 
or a gas–liquid mixture into a smaller 
volume while increasing its pressure 
and temperature. 

COMPRESSOR DESIGN 
CHALLENGES
Process industries are looking for smaller-
footprint compressors for space-sensi-
tive applications, such as offshore, subsea 
and compact plant designs. Dresser-Rand 
reduces compressor footprints by design-
ing stages to operate at higher flow 
coefficients and higher machine or inlet-
relative Mach numbers. The company 
is among the largest global suppliers of 
rotating equipment solutions for long-life, 
critical applications. 

In recent years, the industry has 
placed greater emphasis on achieving a 
wide operating range so that, for exam-
ple, compressors can handle a wider 
range of flow rates at different stages of 
a well’s lifecycle. Engineering simulation 
is an important tool in addressing these 
market challenges. Dresser-Rand has 
been using ANSYS CFX software since the 
1990s to develop many new compressor 
designs for process industries and other 
applications.

Two factors limit the overall operating 
range of a compressor: surge or stall mar-
gin, and overload capacity. Surge or stall 
margin limits the compressor’s ability to 
operate at flow rates lower than design, 
while overload capacity limits the ability 
to operate at higher rates. Rotating stall 
arises when small regions of low momen-
tum or low pressure (referred to as stall 
cells) form in the flow passages and begin 
to rotate around the circumference of the 
compressor. These flow and/or pressure 

http://www.ansys.com/Industries/Industrial+Equipment+&+Rotating+Machinery/Industrial+Compressors,+Expanders+&+Turbochargers
http://www.ansys.com/Products/Simulation+Technology/Fluid+Dynamics/Fluid+Dynamics+Products/ANSYS+CFX
http://www.ansys.com/Industries/Industrial+Equipment+&+Rotating+Machinery/Industrial+Compressors,+Expanders+&+Turbochargers
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� Centrifugal compressors operate by adding velocity pressure or kinetic energy to the fluid stream and then converting that kinetic energy into potential 
energy in the form of static pressure. Kinetic energy is added by rotating impellers, while the conversion of velocity pressure to static pressure occurs in 
downstream stationary components such as diffusers, return channels and volutes.

disturbances cause unbalanced forces on 
the compressor rotor, leading to unwanted 
vibration issues and reduced compres-
sor performance. Surge occurs when the 
compressor is no longer able to overcome  
the pressure in the downstream pip-
ing and pressure vessels, and the flow is 
forced backward through the compressor. 

For most centrifugal stages that oper-
ate at high inlet-relative Mach numbers, 
low-momentum regions can form along 
the shroud side of parallel-wall vaneless 
diffusers. Typically the size of this region 
increases as flow is reduced until diffuser 
stall results. In developing a new high-
head stage for a high–Mach number com-
pressor, the Dresser-Rand team observed 
an interesting phenomenon both in com-
putational fluid dynamics (CFD) simula-
tion and test results: A sudden migration 

of the low-momentum region from the 
shroud side to the hub side of the diffuser 
occurred as the flow rate reduced, just 
prior to stall [1]. The impeller used in the 
study is operated over a machine Mach 
number range of 0.85 to 1.20. The initial 
design had a vaneless diffuser that was 
pinched at the shroud and then followed 
by a parallel wall section. In analyzing 
test results, engineers established that 
the shift of the high-momentum region 
occurred much earlier for this high-head 
stage than for lower-head stages. As a 
result, the surge margin was significantly 
lower than low-head stages, an unac-
ceptable drop in operating range. Since 
the stationary components were stalling 
before the impeller due to low momentum 
shift, the team decided to use CFD to opti-
mize the diffuser and return channel. 

USING CFD TO OPTIMIZE 
THE DESIGN
Dresser-Rand engineers conducted all 
analyses using ANSYS CFX software for a 
sector model that included the upstream 
inlet guide vane, impeller, diffuser, return 
bend, return channel and exit section. In 
this case, the grid was composed of more 
than 5 million total elements using a tet-
rahedral mesh with wedge elements for 
the boundary layers. Engineers modeled 
the interfaces between stationary and 
rotating components using a stage inter-
face that performs a circumferential aver-
aging of the fluxes through bands on the 
interface. The k-epsilon turbulence model 
and a high-resolution discretization 
scheme were used. 

The team evaluated several combi-
nations of pinch, shroud-tapered and  
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CENTRIFUGAL COMPRESSORS

hub-tapered diffusers. Engineers iterated to a diffuser design 
that is pinched and tapered on both hub and shroud sides to 
significantly reduce low-momentum regions that were forming 
on either side of the diffuser exit at low flow. They reduced the 
return channel width and redesigned the return channel vanes 
to match the new flow incidence. CFD results showed that the 
new design significantly reduced the size of the low-momentum 
region in the diffuser and return channel. It also considerably 
delayed the shift of the low-momentum region from the shroud 
side to the hub side, delaying the onset of stall. 

Comparison between the original and optimized designs 
shows a substantial reduction in the absolute velocity flow angle 

� Velocity profile at 90 percent flow for the optimized stationary component design shows a much 
smaller low-momentum region.

� Absolute velocity flow angle at the diffuser exit 
for the original design shows high tangential-flow 
angles, indicative of low-momentum flow that 
often leads to formation of stall cells.

� Absolute velocity flow angle at the diffuser 
exit for the optimized design shows greatly 
reduced high tangential-flow angles.

Inlet

Inlet guide vane

Impeller

Hub

� Velocity profile at 90 percent flow for the original stationary component design shows a large  
low-momentum region at the hub side in the vaneless diffuser and return bend.

relative to the radial line at the diffuser exit plane. Highly tan-
gential flow angles greater than 75 degrees generally are indic-
ative of very low momentum, which leads to formation of stall 
cells in stationary components. The pressure recovery plots for 
both original and optimized geometries show that the optimized 
geometry has lower pressure recovery on the overload side but 
better performance on the surge side. The lower recovery at over-
load for the optimized geometry is most likely due to the nar-
row stationary component passages, which results in higher gas 
velocities and lower pressure recovery. However, this geometry 
also contributes to improving the flow in the stationary compo-
nents, resulting in better pressure recovery at lower flow. The 

Return bend

Vaneless diffuser

Shroud
Return channel vanes

http://www.ansys.com/Industries/Industrial+Equipment+&+Rotating+Machinery/Industrial+Compressors,+Expanders+&+Turbochargers
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Structural Analysis
Dresser-Rand structural engineers optimize the impeller 
design to keep the static stresses both below those seen in 
similar families of impellers and below allowable mate-
rial yield strengths. The lower the stresses, the faster the 
impeller can be run. During the design process, engineers 
also analyze the design to see if there are any possible res-
onance issues caused by upstream or downstream station-
ary components. 

Most of the time, structural damages to the impellers 
are due to mechanical fatigue. Dresser-Rand follows the in-
house dynamic audit process [3] to evaluate the fatigue life 
of the impellers. The dynamic audit process involves a series 
of successive analysis runs, starting with a modal analysis 
and plotting of a SAFE diagram [4] for identifying interfer-
ences. This is followed by harmonic response analyses to 
compute dynamic stress levels in an impeller at identified 
SAFE interferences. A minimum factor of safety is then com-
puted for all locations in the impeller based on the static and 
dynamic stresses, material properties and the construction 
method used for that impeller. The structural team has auto-
mated much of the structural design process by writing APDL 
macros and FORTRAN programs, which have reduced sim-
ulation time from more than a week to one to two days per 
design iteration.

� Typical steady-state plot of impeller

� Industrial centrifugal compressor COURTESY DRESSER-RAND.

Tests validated CFD simulation prediction of 
about 10 percent improvement in the surge 
margin of the new design.

CFD results predicted an improvement in surge margin of approx-
imately 15 percent.

Tests validated CFD simulation prediction of an improve-
ment of about 10 percent in the surge margin of the new design. 
Flow angle measurements at the diffuser inlet, diffuser exit and 
return channel inlet confirmed the CFD prediction of a delay in 
the low-momentum shift. Further, the redesign was successful 
in maintaining the same head and efficiency levels as the pre-
vious design had. About 1.5 percent of overload margin was 
lost due to the reduced passage areas in the stationary compo-
nents. However, this was deemed acceptable, as the stage is not 
expected to be operated at high flow levels close to choke. 

Impellers are subjected to inlet and exit flow variations 
through the stage, and therefore they must be designed to with-
stand the alternating pressure loads due to these variations in 
addition to withstanding steady loads. The structural team used 
ANSYS Mechanical software and in-house tools to ensure that the 
new design meets the static and dynamic stress requirements.

Dresser-Rand’s use of CFD simulation to optimize the sta-
tionary components of a new centrifugal compressor design  
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� The optimized design shows better pressure recovery on the surge (left) side of the pressure 
recovery curve.

� CFD results and physical tests provide similar estimates of compressor efficiency. 

� Testing shows that optimized design improves the operating range.

Performance Parameter Original Design Optimized Design

Normalized polytropic efficiency at design flow 1.000 1.001

Normalized polytropic head coefficient at design flow 1.000 1.003

Surge margin 6.1 16.0

Overload margin 13.4 12.1

accomplished several goals: This new 
design delayed the transfer of the low-
momentum zone from the shroud side of 
the diffuser to the hub side, and it shows 
how proper sizing of stationary compo-
nents in the early stages of the design 
process can increase the compressor’s 
operating range. The end result is that 
Dresser-Rand delivered a highly efficient 
compressor with a wide operating range 
in a small footprint [2]. 
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Dresser-Rand 
delivered a 
highly efficient 
compressor 
with a wide 
operating range 
in a small 
footprint.
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By Chris Robinson, Managing Director, PCA Engineers Limited, Nettleham, U.K.

BEST PRACTICES

1,�2,�3
TURBOCHARGED 

EFFICIENCY
Specialized advanced simulation tools optimize turbochargers  

for increased power and fuel e�ciency.

T urbochargers are increasingly 
used in automotive applications 
to get more power out of smaller 

engines. Smaller, augmented engines are 
more fuel efficient and produce fewer 
emissions without affecting a driver’s  
perception of handling and performance. 
The heart of a turbocharger is the com-
pressor. The ideal turbocharger compres-
sor is efficient over a broad operating 
range and has low inertia while simulta-
neously complying with package size limi- 

tations, robustness and cost constraints. 
PCA Engineers designs turbocharger 

compressors by using multiple levels of 
highly iterative analyses, from simple 1-D 
and 2-D analyses to highly sophisticated, 
transient, multiphysics 3-D simulations. 
The locus of the compressor operating 
point within the engine can be mapped 
onto compressor characteristics that plot 
compressor efficiency and pressure ratio 
against rotational speed and throughput 
of air.

PRELIMINARY ANALYSIS 
CONFIRMS DESIGN TARGETS 
ARE MET 
PCA starts a turbocharger compressor 
optimization with a set of design points 
from the key operating zones depicted in 
the compressor map. The customer pro-
vides the design points along with other 
constraints, such as material, manu-
facturability and package size. PCA’s 
designers then evaluate the perfor-
mance of proposed design alternatives 

http://www.ansys.com/Industries/Industrial+Equipment+&+Rotating+Machinery/Industrial+Compressors,+Expanders+&+Turbochargers
http://www.ansys.com/Industries/Industrial+Equipment+&+Rotating+Machinery/Industrial+Compressors,+Expanders+&+Turbochargers
http://www.ansys.com/Industries/Automotive


© 2013 ANSYS, INC. ANSYS ADVANTAGE  Volume VII  |  Issue 3  |  2013         22

against these targets. This work is done 
with ANSYS Vista CCD, a preliminary 
design tool embedded within the ANSYS 
Workbench environment. Given the  
aerodynamic duty — such as pressure 
ratio, mass flow, and rotational speed, 
and fixed geometric constraints such as 
inducer hub diameter and vane thick-
ness — Vista CCD calculates a suitable 1-D 
compressor geometry and the associated 
performance map. Engineers then super-
impose the map from Vista CCD onto the  
client-provided targets to identify any 
potential shortcomings in the prototype. 
The differences between the 1-D compres-
sor map and the targets are then used 
to guide revisions to design parameters. 
This process is repeated iteratively until a 
satisfactory 1-D design has been achieved. 
From the 1-D compressor geometry, PCA’s 
designers will have a good idea of how a 
design fits within their range of experi-
ence and what problems are likely to be 
encountered in improving it.

In the next phase of the design, engi-
neers further refine the geometry of the 
blade by launching ANSYS BladeModeler 
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� A gasoline engine turbocharger compressor performance map, as measured on a test rig, is used to assess compressor suitability for a given application by 
showing pressure and efficiency vs. volumetric flow rate. Red lines show approach to choke, or maximum capacity, in which volume flow becomes constant and 
both pressure ratio and efficiency drop off.

that receives high pressure air from the 
compressor via the diffuser. PCA greatly 
reduced the time required to define the 
volute’s geometry by automating design 
iterations within ANSYS Workbench, pro-
ducing a CFD-ready model of the gas-
swept surfaces in a single operation.

PCA’s engineers then assemble the vir-
tual design and generate the compressor 
map data by running a full CFD simula-
tion at several flow rates for each speed 
of interest to verify that the new stage 
meets the customer requirements. By tak-
ing into account the compressor’s full 3-D 
geometry environment for the final analy-
sis, PCA can evaluate aspects of the design 
that cannot be captured in the 1-D or 2-D 
analysis, such as the effects of tip clear-
ance. Tip clearance tends not to scale lin-
early, as do other dimensions, so small 
compressors have to be run at relatively 
high clearance levels, which limits both 
efficiency and range.

LONG LIFE AND ROBUSTNESS
A compressor’s mechanical performance 
is rated on whether or not it delivers the 

BEST PRACTICES

from Vista CCD, defining the basic geom-
etry of the blade in that code. Next, the 
model is exported to the ANSYS Vista TF 
2-D throughflow solver. The throughflow 
step solves the circumferentially averaged 
inviscid equations of motion to produce a 
solution for the proposed design that can 
be assessed against performance criteria. 
ANSYS Vista TF incorporates established 
empirical models for losses and devia-
tion; it can, within a few seconds, cap-
ture many of the important features of a 
full 3-D flow simulation. All of the work is 
done within Workbench, facilitating rapid 
improvements in blade design in a proc-
ess that is amenable to automatic itera-
tion and optimization.

FLUID DYNAMICS FOR 
EFFICIENCY
Once the preliminary blade design is 
complete, PCA’s engineers use ANSYS 
TurboGrid to produce a hexahedral mesh 
for the impeller and diffuser prior to full 
3-D computational fluid dynamics (CFD) 
analysis. After stage analysis is complete, 
they design the volute, the component 

http://www.ansys.com/Products/Simulation+Technology/Fluid+Dynamics/Turbomachinery+Products/ANSYS+BladeModeler/Features/Integrated+Initial+Sizing
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� Compressor performance maps illustrate operating regions with the greatest impact on compressor design. The dashed line zone represents idle to cruise 
typical of city driving, conditions for which impeller inertia (turbo lag) is a concern. The solid line zone represents highway driving for which impeller stresses 
are maximized: This is the focus of most of the design effort.

expected service life and integrity: Turbochargers are expected 
to last for the life of a vehicle. Blade stress is proportional to the 
square of tip speed, so addressing mechanical issues at condi-
tions that require the compressor to run faster (such as high alti-
tudes) are essential in developing designs that have adequate life 
and robustness. To avoid failure by high cycle fatigue is essential, 

Main targets

Capacity, 
integrity 

important

Efficiency 
important

Map width

Max efficiency, 
design point

� Typical output from BladeGen blade geometry designer module in 
ANSYS BladeModeler

� Typical turbocharger compressor performance targets provided to 
guide a compressor design

and the lowest natural frequency is usually first flap, which is the 
mode that would be excited if you “ping” the tip of the blade. This 
first vibrational mode must be at a high-enough frequency that 
no vibration is triggered by harmonics from unbalanced forces 
from the rotating shaft or flow features upstream/downstream 
of the impeller. 

Highway driving
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� An Excel® macro drives the iterative geometry definition in ANSYS Workbench. The design can be 
optimized in response to design parameters chosen by the designer.

PCA performs structural analyses to test for vibrational 
modes in the same ANSYS Workbench environment, eliminat-
ing the need to transfer and recreate the geometry, thus reducing 
the opportunity for error. The aerodynamic pressures calculated 
by CFD can be applied as loads for structural analysis to augment 
the centrifugal loads that are almost always dominant for small 
turbochargers. In addition to being concerned about stress levels 
and blade natural frequencies of vibration, designers must focus 

BEST PRACTICES

� Flow conditions at three different operating 
points between surge (top) and choke (bottom). 
This demonstrates the performance impact of tip-
clearance effects on velocity at various flow rates. 
Speeds shown refer to tip speed.

385 m/s (near surge)

440 m/s (peak efficiency)

495 m/s (near choke)

on the deflection of the rotor, both radially and forward, due to 
the asymmetric shape of the disc. They usually mitigate this by 
using backface extension as a counterweight, reducing deflection 
and bore stress.

Using ANSYS Workbench tools, PCA Engineers can optimize 
the design of a turbocharger compressor long before commit-
ting to expensive prototype hardware and tests. A key advan-
tage is that the complete design process, including 1-D analysis, 

http://www.ansys.com/staticassets/ANSYS/staticassets/resourcelibrary/presentation/auto_conference_turbochargers_2012_Holmes_Hutchinson1.pdf
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The complete design process is performed 
within a single environment. This 
streamlined approach reduces both 
engineering effort and time to market.

2-D analysis, 3-D geometry definition and 
meshing, 3-D flow simulation, and struc-
tural analysis, are all performed within 
a single environment. This stream-
lined approach reduces both engineering 
effort and time to market by eliminating 
the need to move or duplicate geometry, 
meshing and physical parameters infor-
mation from one environment to another. 

Addressing mechanical issues at 
conditions that require the compressor 
to run faster are essential in developing 
turbocharger designs that have 
adequate life and robustness.

� ANSYS Mechanical prediction of blade deflection at first vibrational mode. This mode is engineered 
so that its frequency is high enough to prevent vibration from being triggered during compressor 
operation (first flap frequency).

� Maximum stress is in the bore and is arranged 
to be away from the contact zone. As the impeller 
runs up in speed, it leans forward at the rim and 
shortens axially.

PCA plans to further accelerate the design 
process by automating more of the sim-
ulation through macros and scripts and 
by transferring its successful, auto-
mated optimization experience into the 
Workbench environment. 

http://www.ansys.com/Products/Simulation+Technology/Structural+Mechanics
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HEALTHCARE

Heart to 
Heart
Multiphysics systems 
simulation leads to better 
understanding of a smaller 
artificial heart design.

By Mark Goodin, CFD Consulting Engineer, SimuTech Group, Cleveland, U.S.A.  
and Michael Yaksh, MultiPhysics Consulting Engineer, Lilburn, U.S.A
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A new continuous-flow total arti-
ficial heart (CFTAH) is smaller 
and less complex than other 

artificial heart designs. It features a sin-
gle moving part, the rotor, which is sus-
pended by a combination of magnetic 
and fluid forces. This new heart is mov-
ing into animal testing, which is expen-
sive and time-consuming, so the cost of 
failure at this stage is high. To minimize 
the risk and number of expensive design 
changes, engineering consultants from 
the SimuTech Group are performing mul-
tiphysics simulation that incorporates 
electromagnetic simulation coupled with 
fluid flow to fully explore the CFTAH’s 
operation. To date, simulation has been 
used to calculate the pump’s hydrau-
lic performance, static pressures on 
pump surfaces, rotor torque, rotor axial 
forces, and other key parameters — all 
as part of the process of ensuring prod-
uct design robustness before testing with 
live animals.

POTENTIALLY LIFE-SAVING 
DESIGN
More than 300,000 Americans die from 
heart failure each year, and of these, up 
to 20 percent die while waiting for a heart 
donor. Artificial hearts have the potential 
to save many of these people. But exist-
ing FDA-approved devices are complex, 
bulky and so large that they fit only 20 
percent of women and 50 percent of men. 
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Connecting 
journal bearing 

flow path

Right pump 
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� CFTAH geometry

� When right inlet pressure is high, the rotor moves to the left.

Shift to left

Right outlet 
pressure and flow 
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The continuous-
flow total 
artificial heart’s 
unique design 
features a single 
moving part: the 
rotor, which is 
suspended by a 
combination of 
magnetic and 
fluid forces.

� When left inlet pressure is high, the rotor moves to the right.

Shift to right

Right outlet pressure 
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The CFTAH is a more compact and simpler artificial heart that fits 
most adults and many teenagers. The device is intended for use 
as a bridge to a transplant as well as for permanent use to com-
pletely replace a failing human heart. 

The CFTAH’s unique design delivers both simplicity and effi-
ciency. A single motor and single power cable drive the organ’s 
rotating pump assembly. Impellers supporting left and right cir-
culation are mounted on opposing ends of the rotor. The rotor 
is radially suspended by a blood-lubricated hydrodynamic jour-
nal bearing designed to minimize blood shear while maintaining  
stable operation. During operation, the rotating assembly 
reaches a radial position in which the fluid-generated hydraulic-
bearing forces are balanced by electromagnetic forces exerted by 
the pump motor.

During normal operation, the rotor is free to move axially, 
and its axial position is determined by the magnet’s axial restor-
ing force and opposite-acting left and right pump side pressures. 
When the right pump pressure is higher than the left pump pres-
sure, the rotating assembly is shifted by hydraulic forces to the 
left. This leftward shift increases the size of the right pump aper-
ture, which increases the right pump’s output pressure and flow 

� 3-D flow simulation of rotor speed contours� Electromagnetics model of the motor. The rotor is shifted both axially and 
radially to determine the force system acting on the rotor for arbitrary rotor 
position. Severe localized saturation occurs at the overhanging rotor end.

Rotor speed

rate. The increase in right pump performance raises the pressure 
and flow rate entering the left pump, which increases the left 
pump pressure and causes the rotating assembly to shift back 
rightwards. This self-regulation process automatically corrects 
any imbalances between the right and left side pumps. If there 
is a sudden change in pump pressure, the motor’s axial restoring 
force limits the overall axial travel of the rotating assembly. This 
innovative design eliminates the need for components that have 
complicated other artificial heart designs, such as valves, sensors 
and actuation mechanisms.

ROLE OF ELECTROMAGNETICS SIMULATION
Researchers are currently working to validate the CFTAH design 
in preparation for in vivo testing in animals. Simulation is 
needed to capture data that cannot be collected during physical 
testing as well as to evaluate design alternatives in less time and 
at a lower cost than could be accomplished with physical testing. 
Multiphysics simulation was required because of the importance 
of both electromagnetic forces and fluid flow in determining 
pump performance. SimuTech engineers began by developing 
a three-dimensional electromagnetic model in ANSYS software 
to predict the magnetic radial and axial forces and torques act-
ing on the rotor for different axial and radial offset positions of 
the rotor with respect to the stator. The final electromagnetic 
model contained 780,000 hexahedral elements, and the team 
performed a mesh sensitivity study to validate its accuracy. 

HEALTHCARE

A more-compact artificial heart design 
will fit adults and teenagers, and it is 
less complex than other designs.

http://www.ansys.com/Products/Simulation+Technology/Electromagnetics
http://www.ansys.com/Industries/Healthcare
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Angular Position Around Pump (deg)

� CFTAH prototype connected to in vitro test loop

� Multiphysics simulation vs. physical testing: Surface static pressures show good correlation.

Electromagnetics simulation was used 
to determine the radial and axial forces 
generated by the magnet that moves the 
rotor toward the centerline position as a 
function of the offset from the center. The 
design depends on restoring forces to help 
control and limit the position of the rotor. 
The simulation showed that the magnet 
produces a linear radial restoring force of 
approximately 1,500 Newtons per inch of 
offset from the centerline of the bearing. 

MODELING FLUID FLOW
Engineers used the results of the electro-
magnetic simulation to create a magnetic 
force table that they incorporated into an 
ANSYS CFX computational fluid dynamics 
(CFD) simulation as a user-defined func-
tion. The team then used CFD to model 
the fluid flow through only the journal 
bearing region of the pump to calculate 
the rotor radial position at various rotor 
speeds. As 95 percent of the radial forces 
are generated in the bearing region, this 
approach provided accurate position-
ing results without the need to model 
the entire pump assembly. Two differ-
ent hex meshes of the bearing region 
were used to ensure that the results 
were independent of mesh density. The 
finer mesh had 528,000 elements, and 
the gap between the rotor and housing 
was 11 elements thick, while the coarser 
mesh had 216,000 elements and an  
8-element-thick gap. The fluid was 
defined as a water/glycerin mixture with 
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The SimuTech Group is performing multiphysics 
simulation that incorporates electromagnetics 
simulation coupled with fluid flow to fully 
explore the operation of the artificial heart.

� Multiphysics simulation vs. physical testing: Surface static rotor torque, right pump aperture size and rotor axial forces show good correlation.

ROTOR TORQUE RIGHT PUMP APERTURE SIZE ROTOR AXIAL FORCES

Rotor Speed 
(rpm) Q - AoP - PAP CFD 

(oz* in)
Test

(oz* in) Diff. % CFD (in) Test (in) Diff (in) Hydraulic
(N)

Magnetic
(N)

Imbalance
(N)

Imbalance ∆p 
(mmHg)

2200 3 - 70 - 20 1.71 1.60 7.0 0.027 0.035 -0.008 -0.33 0.089 -0.24 -2.9

2800 6 - 90 - 20 2.89 2.65 9.0 0.037 0.046 -0.009 -0.35 0.014 -0.33 -4.1

2800 6 - 90 - 30 2.87 2.65 8.2 0.045 0.048 -0.003 -0.32 0.023 -0.30 -3.6

2800 6 - 90 - 40 2.85 2.68 6.4 0.055 0.061 -0.006 -0.57 0.092 -0.48 -5.8

3400 9 - 110 - 30 4.37 4.37 0.0 0.053 0.062 -0.009 -0.22 0.089 -0.13 -1.6

density equal to blood to match the in vitro test conditions. The 
model was evaluated at three different rotor speeds.

Deformation of the domain as the rotor moves radially was 
accomplished by using a moving mesh approach in which dis-
placements relative to the initial mesh were specified with a 
user-defined function. A diffusion equation representing rotor 
displacement was included to determine mesh displacements 
throughout the remaining volume of the mesh. The magnetic 
restoring forces due to rotor movement were compared with  
hydraulic forces predicted with CFD to determine the force- 
balanced rotating assembly position. 

RESULTS MATCH PHYSICAL TESTING
For the next step, the team modeled the complete CFTAH pump 
assembly and compared its performance to physical test results. 
The full three-dimensional pump model consisted of approxi-
mately 15 million elements, including tetrahedral, prism and 
hexahedral elements. Engineers ran the simulation on a 12-node 
high-performance computing platform. Due to symmetry and 
blade clearance in the volute regions, researchers used a frozen- 
rotor multi-frame-of-reference model and fixed the rotating 
assembly in one blade orientation — that is, the flow was modeled 
under steady-state conditions. They used the same water/glycerin 
mixture as the fluid and employed the k-omega shear stress trans-
port turbulence model. The model was evaluated at three differ-
ent volumetric flow rates and three different rotational speeds 
spanning the intended range of use. Engineers positioned the 
rotating assembly at the force-balanced radial location calculated 

earlier and moved the assembly iteratively to an axial location 
that yielded a right pump outlet pressure matching the in vitro  
test data. 

Multiphysics simulations predicted hydraulic perfor-
mance, surface static pressures throughout the pump, and 
rotor torque within 5 percent to 10 percent of the proto-
type’s measurements. Radially, the rotating assembly hydrau-
lic forces balanced with the magnetic loads within 5 percent. 
The axial position of the rotating assembly predicted by simu-
lation matched experimental measurements within 0.25 mm. 
An axial force imbalance of 0.1 N to 0.5 N toward the left pump 
was found across the pump’s operating range. This force corre-
sponds to a static pressure difference of 2 mm Hg to 6 mm Hg. 
The reasons for this imbalance will be examined further in future 
simulations. Overall, these results are quite good and well within 
the expected level of agreement for this phase of the program. 

In a more sophisticated simulation model under develop-
ment, the team defines the rotor as a moving mesh and uses 
electromagnetic and hydraulic forces to move the rotor into a 
force-balanced position during the simulation (instead of setting 
the initial radial and axial positions). This model will use blood 
as the fluid, enabling examination of the shear forces exerted on 
the blood by the pump’s surfaces. Shear forces need to be closely 
controlled; if they are too high, the blood cells may be damaged. 
On the other hand, if shear forces are too low, the blood may clot. 
The more-sophisticated simulation model will play an important 
role in finalizing the design of the CFTAH as it moves into animal 
testing and toward eventual human use. 

HEALTHCARE
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AUTOMOTIVE Simulation@work

ON THE 
FAST TRACK
Ferrari pushes the limits of simulation in improving aerodynamic performance of racing cars.

By Enrico Cardile, Aerodynamics and Thermal Management Manager, Ferrari S.p.A, Maranello, Italy

A erodynamics plays a key role in motorsports. 
Ferrari S.p.A. has made dramatic improve-
ments in its racing cars’ aerodynamic per-
formance by combining computational fluid 
dynamics (CFD) simulation and wind-tun-
nel testing. Ferrari engineers have extensively 

automated the simulation process and run many design itera-
tions to explore the design space and improve speed, reliabil-
ity and safety. It takes about three to four weeks to arrange a 
session in the wind tunnel, while company engineers can per-
form more than 100 CFD simulations in the same time period. 
Simulation dramatically increases the number of different  

The contribution of 
simulation is huge.
– GT Driver Gianmaria Bruni
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aerodynamic alternatives that can be evaluated, enabling sub-
stantial performance improvements that have played a key role 
in Ferrari’s many track victories. “The contribution of simula-
tion is huge,” said GT Driver Gianmaria Bruni, winner of the 2012  
24 Hours of Le Mans in a Ferrari 458 Italia.

GT2 RACING
Ferrari has been involved in racing since the company began, 
competing in a wide range of categories. Ferrari’s current GT2 
entry is the 458 Italia GT2, which is based on the 458 Italia pro-
duction model. Aerodynamics plays a major role in the design 
of these cars because the shape of the upper part of a GT car 
body generates lift, so the underbody must be designed to cre-
ate down-force. This increases the tires’ gripping capabilities 
during braking and cornering, without increasing drag. Ferrari 
improves down-force in GT2 cars by smoothing out the under-
body and adding diffusers at the rear to intensify air speed and 
mass flow under the car. A diffuser ejects air from the underside 

Simulation enables substantial performance 
improvements that have played a key role 
in Ferrari’s many track victories. 

� High down-force configuration of F458 GT2

of the car, causing an increase in velocity and a reduction in 
pressure of air below the car. The slower-moving air above the 
car generates a higher pressure, and the resulting pressure dif-
ferential pushes the car onto the ground. 

On the latest 458 Italia GT2 model, Ferrari engineers per-
formed hundreds of CFD simulations with ANSYS Fluent to 
optimize the aerodynamic performance of the car. In general, 
the process begins when the design team provides a proposed 
design in the form of a computer-aided design (CAD) file. An ana-
lyst then manually generates the surface mesh, the only part of 
the process that is done manually. Then an automation script 
takes over and executes the entire simulation process, starting 
with generating a volume mesh based on the surface mesh, spec-
ifying boundary conditions, and running the CFD solver. In early 
stages of the design process, analysts typically evaluate one  
proposed design at a time and closely examine flow speed and 
direction as well as pressure around the body to understand the 
performance of the design and how it might be improved.
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OPTIMIZING THE DESIGN
Once analysts gain a general understanding of flow patterns and  
which design parameters have the most impact, they set up a 
design of experiments (DOE) using the ModeFRONTIER® optimi-
zation tool, which runs tens to hundreds of simulations without 
user intervention to evaluate the design space. ModeFRONTIER 
provides several different optimization algorithms, including 
the response-surface method (RSM) that is fitted to the data 
points revealed by the DOE. This technology allows Ferrari to 
explore the design space with minimal computational effort. 
ModeFRONTIER also provides genetic algorithms to evolve a 
group of candidate designs toward better solutions. The simu-
lation is run on a high-performance computing (HPC) compute 
cluster. ANSYS Fluent splits up the mesh and data into multiple 
partitions, then assigns each mesh partition to a different com-
pute node.

The position of the car’s components often constrains the 
aerodynamic design. For example, if engineers are working on 
the rear diffuser, that part’s maximum expansion is limited by 
the presence of the frame and the muffler. So they configure 

� Low down-force configuration of LaFerrari

The ModeFRONTIER optimization tool runs 
tens to hundreds of simulations without user 
intervention to evaluate the design space. 

the optimization tool to examine only expansion angles and 
curvatures of expansion for the diffuser that can be accommo-
dated without interference. Sometimes the aerodynamics team 
removes constraints to determine if a large improvement might 
be achieved in the absence of a constraint. In that case, the aero-
dynamics team meets with the design department to see if the 
design can be altered to remove the constraint. 

Ferrari engineers have used these methods to optimize the 
down-force on the 458 in a number of areas. They have applied 
CFD to evaluate vortices under the body of the GT2 cars and 
evolve the body design to minimize the vortice’s impact. In addi-
tion, they have optimized brake cooling inlet and outlet ducts 
with simulation. The geometry of the brake cooling ducts has 
a critical impact on brake performance as well as on the down-
force on the car’s front axle. The complexity of the brake cooling 
ducts’ geometry makes the ducts very difficult to evaluate in a 
wind tunnel, so these critical areas are designed nearly entirely 
with simulation. CFD analysis showed that even the side mirror’s 
design is closely related to the shape of the engine air intake. By 
examining the streamlines around the side mirror on the 2014 
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GT2 model, engineers modified the shape 
of the mirror to get the best performance 
without having a negative impact on the 
engine air intake. 

LaFERRARI
Ferrari engineers used ANSYS Fluent to 
optimize the aerodynamic performance of 
LaFerrari — a limited production hybrid 
sports car that was officially unveiled at 
the 2013 Geneva Auto Show. Ferrari engi-
neers performed more than 1,000 CFD 
simulations on LaFerrari, saving between 
40 and 50 hours of wind tunnel test- 
ing. LaFerrari has active aerodynamics 

� Streamlines from radiator outlet of F458 GT2

Time is a critical success factor, so 
development schedules are very tight. 
For this reason, Ferrari engineers need to 
perform simulations and tests as quickly, 
reliably and efficiently as possible to 
better drive style and design, ensure  
accuracy, and achieve performance tar-
gets. HPC solutions from ANSYS, includ-
ing recent software advances — such as 
improved parallel scaling performance 
for very large simulations, hybrid par-
allelism for multicore processors within 
clusters and support for parallel file 
systems — enable the Ferrari team to 
improve car performance while adhering 
to development schedules.

Every new racing car developed by 
Ferrari must rise to a new level of aero-
dynamic performance to match the suc-
cessful results it has achieved on the 
track over the past 80-plus years. The 
time required for wind-tunnel testing 
makes it impossible to achieve perfor-
mance targets within the allotted time-
frame. By combining CFD to understand 
the application, evaluate the design 
space, and iterate to an optimized design 
with wind tunnel testing for verification 
and validation, Ferrari is able to stay 
at the forefront of aerodynamic perfor-
mance. The results are victory after vic-
tory in prestigious races. For example, 
the 458 Italia GT2 won the 2011 Petit Le 
Mans, the 2011 Intercontinental Le Mans, 
the 2011 Le Mans Series and the 2012  
24 Hours of Le Mans. The aerodynamic 
technology developed for race cars is 
quickly transferred to road cars. “Simula-
tion has been vital to our victories,” Bruni 
concluded. 

� Ferrari GT2 racecar

devices in the car’s front and rear,  
which help to increase down-force and 
reduce drag. The front of the car has 
three flaps: two lateral flaps in the front 
diffusers and a variable flap in the radi-
ator. The rear of the car has a wing and 
an air-active rear spoiler. Ferrari engi-
neers used CFD to optimize the aero-
dynamic performance of each of these 
devices. They ran a design of experi-
ments that evaluated the aerodynamic 
performance with the car at different 
speeds; in different pitch, roll and yaw 
positions; and with the variable flap in  
different positions. 
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WINDOW OF 
OPPORTUNITY
Robust design optimization ensures high-quality window mechanisms over a wide range of applications.

By Thomas Sauernheimer, Simulation Engineer, Brose, Hallstadt, Germany

T o be able to feel the wind in your hair while driv-
ing your car, pay the fee for parking in a lot, or 
grab takeout coffee from the drive-through, you 
need a window regulator. This device is a part 
that moves a window in automobile doors up and 
down on command. Brose, the world’s largest 

manufacturer of window regulators, builds these components 
for many vehicle models. The same basic regulator must work 
for a wide range of curved window sheet radii, serve the three 
different positions of a wedge that is used to adjust the windows 
to the chassis of the car, account for stiffness variations of sev-
eral components, and adapt to variations in the torque used to 
assemble the regulator. On rare occasions, these variables have 
interacted to generate excessive stresses, strong enough to crack 
the window glass. 

Brose used robust design optimization (RDO) to evaluate a 
series of design alternatives against the huge number of possi-
ble combinations of application variables based on stress levels 
in the glass. RDO eliminated the need to simulate each combi-
nation of variables by generating a metamodel used to explore 
the complete design space in a fraction of the time. The simu-
lation helped the Brose team to understand the cause of crack-
ing; it also made it possible to optimize the design for robust-
ness needed to accommodate a wide variety of car models and to 
withstand manufacturing variations.

Brose is the world’s fourth largest privately held automotive 
components supplier. The company supplies 52 million window 
regulators a year to many of the world’s leading automobile man-
ufacturers. Brose has achieved this leadership position by pro-
viding a compact design, which reduces assembly costs, along 
with motors that deliver a high performance-to-cost ratio. The 
company ensures high economies of scale and low piece costs 
by using standard components produced in high volumes. For 
Brose to continue its good reputation, these components must 
operate reliably under all expected conditions.

Brose used robust design optimization 
to evaluate a series of design alternatives.

APPLICATION FACTORS INTERACT  
IN COMPLEX WAYS
A key component of the window regulator is the clamp plate/rail 
slider assembly that attaches to the window and must adjust to 
fit curved windows, whose radius ranges from 900 mm to 2,000 
mm. The rail slider and clamp plate are connected by a screw 
that penetrates the glass. The assembly applies pressure to both 
sides of the glass to hold it in place; this generates shear stress 
due to the window’s curvature. A wedge between the glass and 
the rail slider can be adjusted to one of three positions to main-
tain sealing pressure between the glass and the car chassis. 
The Young’s modulus of the rail slider and clamp plate can dif-
fer due to manufacturing variation. The amount of torque that 
is applied to the screw during assembly is not always exactly 
the same. These factors interact in complex ways. One result is 
material damage that sometimes occurs when the screw is tight-
ened during the assembly process.
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The Brose Group worked with Dynardo’s optiSLang software 
to address this problem. Dynardo developed optiSLang as the 
basis for RDO in virtual product development; the company also 
offers consulting services. Brose engineers modeled the clamp 
plate/rail slider assembly in ANSYS Mechanical to evaluate the 
slider’s current design and to manually change the model for 
different application conditions. With a few manual runs, engi-
neers were able to generate excessive stresses in the glass that 
correlated well to the areas that broke during the assembly proc-
ess. These runs validated the ability of finite element analysis to 
accurately reproduce the problem. But the huge number of pos-
sible combinations of different variables made it impossible to 
validate a potential solution using manual analysis techniques.

PARAMETERIZING THE MODEL
To determine a more robust solution, Brose engineers defined 
eight input parameters in the ANSYS Workbench environment, 
including the wedge position, window radius, Young’s modulus 
of the rail slider and clamp plate, and pretension of the screw 
used to assemble the rail slider and clamp plate. Engineers var-
ied an additional seven geometric input parameters to repre-
sent design changes to the window radius and clamp slider. The 
team defined seven key finite element analysis results, includ-
ing maximum stress in window, stress at the hole in the glass, 
stress at the bottom edge of the glass, and contact pressure of 
the slider to the window. 

The simulation helped Brose provide the robustness 
needed to accommodate a wide variety of car models 
and to withstand manufacturing variation.

� Typical Brose window regulator

The large number of design variables involved in this prob-
lem result in such a large number of possible design points that 
it would be impractical to comprehensively explore with current 
computing power. To address this challenge, optiSLang was used 
to calculate the metamodel, or simplified model of the design 
space, that provides the best approximation of the complete 
space. This metamodel, called the metamodel of optimal prog-
nosis (MOP), was utilized to calculate the optimal design with 
much less computing power. 

� CAD model of clamp plate and rail slider assembly

� Clamp plate and rail slider assembly applies stress to glass. The arrows 
represent the bolt.

http://www.ansys.com/Products/Simulation+Technology/Structural+Mechanics/ANSYS+Mechanical
http://www.ansys.com/Products/Workflow+Technology/ANSYS+Workbench+Platform


© 2013 ANSYS, INC. ANSYS ADVANTAGE  Volume VII  |  Issue 3  |  2013         38

Brose engineers applied optiSLang to configure a designed 
experiment using Latin hypercube sampling to scan the multi-
dimensional space of input parameters. Approximately 120 
design points were selected that, as a whole, provide a good 
approximation of the complete design space. optiSLang drove 
ANSYS Mechanical to solve each of these design points in par-
allel on a high-performance computing cluster running ANSYS 
Mechanical. The engineers used optiSLang to construct an MOP 
based on these 120 samples, which was used to approximate the 
complete design space in a small fraction of the clock time and 
computational effort that would be required to explore the com-
plete design space. 

IDENTIFYING KEY APPLICATION FACTORS
As part of generating the MOP, optiSLang automatically iden-
tified the most important application factors with respect 
to their impact on window stresses. The optimization soft-
ware quantified the forecast quality of many global metamod-
els and selected the MOP with the best predictive power. Then  
optiSLang calculated the coefficient of prognosis (CoP), which 
quantifies the ability of the MOP to accurately predict the com-
plete design space. The CoP of 0.92 indicates that the MOP can 
be used to produce accurate estimates of performance of pro-
posed designs over the complete design space.

As it created the MOP, optiSLang also performed a sensitiv-
ity analysis that identified the most important input param-
eters in terms of influence on output variables. This analysis 
showed that the bolt pretension preload has the most impact on 
the stress of the window and that the wedge position has the  
second-greatest influence. 

Brose engineers mapped the maximum stress in the glass, 
the most important response, as a function of these two criti-
cal variables, expecting to gain a visual understanding of the 
root cause of the problem. The response surface maps showed 
the interaction of these variables and identified combinations of 
values with the potential to cause excessive stresses.

OPTIMIZING THE DESIGN
Brose engineers optimized the design based on their engineer-
ing experience. Then they evaluated the new design with the 
MOP to be sure that every combination of the input parame-
ters generated less than the maximum allowable stress on the 
glass. The CoP validated the MOP’s predictive power and indi-
cated that the new design would keep stress levels well within 
acceptable values throughout the complete design space. 
Simulation tools from ANSYS and Dynardo have helped the 

� Area of actual cracked window 
surrounding screw hole

� Stress analysis results 
correlate well with actual  
window component.

� Metamodel indicated which variables had the greatest impact  
on window stress.

� Response surface map shows stress as a function of key variables for 
initial design.

Simulation tools from 
ANSYS and Dynardo have 
helped the Brose product 
development team to 
improve quality over a wide 
range of applications.

Brose product development team to identify the most sensi-
tive design parameters for the window mechanisms and to  
optimize these parameters to further improve quality over a 
wide range of applications. 
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SAFE AUTOMOBILE 
CONTROLS
Subaru uses SCADE software to develop safe and reliable electronically controlled circuits  
and systems for hybrid-electric vehicles.

By Masaru Kurihara, Deputy General Manager, Electronics Engineering Department,  
Fuji Heavy Industries Ltd., Tokyo, Japan

M arket pressures to increase fuel economy, 
maintain safety and provide entertainment 
are forcing the auto industry to develop 
automobiles that are increasingly complex 
and adaptable. Vehicles are now largely 
computerized, and the electronic control 

unit (ECU) that manages the systems in each model is governed 
by complex software. New hybrid-engine vehicle (HEV) technol-
ogies rely on extensive circuitry and software. In an HEV, a cen-
tral computer manages both a traditional combustion engine 
system and an electric motor via ECU. 

Because of the need to continually juggle costs and design 
requirements, the automotive industry employs AUTOSAR (a 
development partnership of electronics, semiconductor and 
software organizations that provides standards to manage grow-
ing electronics complexity in this industry) standards and a 
methodology called model-based development or design (MBD). 
MBD requires design engineers to use a common design environ-
ment that supports model integration and virtual real-time test-
ing of the entire system. 

Subaru®, the automotive brand of Fuji Heavy Industries 
(FHI) Ltd. — a comprehensive, multifaceted transport equip-
ment manufacturer — recently started its own HEV and electric 

Vehicles are now 
increasingly complex, 
adaptable and largely 
computerized.

vehicle (EV) programs and adopted the MBD approach for all 
upcoming development projects, like the Subaru XV. In the com-
pany’s search for a development environment tool that meets 
MBD requirements, Subaru engineers evaluated the SCADE soft-
ware modeling tool from Esterel Technologies, a wholly owned 
ANSYS company. SCADE provides an intuitive graphical inter-
face so system and software engineers can easily integrate and 
verify their models. C source code is generated automatically 
from the models produced in SCADE. This minimizes the chance 
of programmer error and automatically incorporates SCADE’s 
strict standards and safety requirements.
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REORGANIZATION OF SOFTWARE ARCHITECTURE
Since HEV development was quite new to Subaru, engineers 
had the opportunity to create the software architecture from the 
ground up. Applying AUTOSAR standards to the new ECU reduced 
basic software development cost and time. However, an even 
more challenging and important goal was to ensure that the soft-
ware components could be reused for future projects. All require-
ments for the ECU are marked as either application software 
or basic software to configure three layers of software, as per 
AUTOSAR architecture. Services, drivers and the operating sys-
tem (OS) are components of basic software; they are created by 
hand-coding or are available as commercial off-the-shelf (COTS) 
products. Subaru focuses on pure application design according to 
the requirements, and this facilitates the deployment of SCADE 
since the software’s models are independent from the OS and 
hardware-dependent implementations.

When SCADE is deployed, interface nodes for the middleware 
layer are created automatically by Subaru’s own Java® utilities 
based on Eclipse APIs that analyze the definition files written for 
basic software. Data types and data structures are extracted from 
the definition files and defined as SCADE types in the SCADE proj-
ect. Bridging the gap between application and services with a 
middleware model layer minimizes human error. When the inter-
face between the middleware layer and the basic software layer is 
changed, the definition of SCADE types is automatically updated 
in a consistent way. SCADE’s semantic checker continually ver-
ifies the SCADE type definition with the models to eradicate  
modeling error.

Electric Brain Unit (Management)

Engine
ECU

Transmission
ECU

Motor
ECU

Battery
ECU

BatteryMotor InverterEngine

CVT
Clutch

Clutch

To front wheels
and rear wheels

� SCADE is deployed for the hybrid vehicle management system named 
electric brain unit (EBU) for a production vehicle released to the market in 
2013. In this schematic, the electric brain unit manages several ECUs.

To continually juggle costs and design 
requirements, the automotive industry employs 
AUTOSAR standards and model-based design.

SOFTWARE DESIGN PROCESS WITH SCADE
Once the SCADE types are defined, Subaru can execute a set of 
small cycles iteratively until a detailed design and verification 
process is completed. The software development process with 
SCADE at Subaru starts with development of test scenarios based 
on software requirements and conversion of many pieces of func-
tional models (Simulink®) designed by system engineers into 
SCADE models via a Simulink gateway. Once the models are con-
verted successfully, they are integrated into a safe SCADE archi-
tecture model. To maintain consistency of the conversion from 

� Software architecture in EBU control software is layered to comply with the AUTOSAR standard.
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Simulink into SCADE, engineers feed the 
same test scenarios developed for func-
tional model design simulation into 
SCADE for unit testing. When the detailed 
design is completed with unit tests, C code 
is generated from the integrated model to 
pass to the EBU test. 

SAFE ARCHITECTURE DESIGN 
WITH SCADE
Due to the modularity of each SCADE 
node, functional part models are verified 
by unit testing. The most critical issue 
for safe software architecture is to ensure 
that all data are safe when the applica-
tion operates under multi-task execution. 
Introducing a safe partitioning architec-
ture from a COTS OS into the automo-
tive software is not easy because of the 
trade-off between cost and functionality; 
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� HEV software development process with SCADE
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multi-task execution is mandatory for 
optimized execution. To satisfy the trade-
off issue, a safe SCADE architecture model 
is designed.

A root node is commonly deployed 
to a safe architecture independent from 
projects or type of applications. It con-
sists of a safe state machine containing 
a decision tree. The state machine has 
only two states: init and run. The init 
state is active only at initialization, while 
the run state is active for the rest of the 
cycle. The run state contains a decision 
tree with three selections that can be exe-
cuted, depending on the value of a vari-
able thread coming from the basic soft-
ware. The difference in the values comes 
from the timing of execution configured 
in OS. For example, each subnode can be 
executed each 0.1 ms, 1 ms or 10 ms, as 
shown in the figure. However, subnodes 
communicate with each other via an 
interface and, therefore, need protection 
from interruption. A faster task could be 
interrupted during execution of a slower 
task. What if the slower task uses the data 
intended for a faster one? During the exe-
cution of the slower task, the output data 
from the faster one is updated by the 
interruption, and this may overwrite the 
values being used for the current execu-
tion. These types of data errors can pro-
duce random results in the model. For 
slower tasks to execute safely, the inputs 
should be stored explicitly before being 
used in the calculation.

COMBINING APPLICATION 
MODELS WITH A SAFE SCADE 
ARCHITECTURE MODEL 
Once the root node describes con-
crete architecture, each subnode can 
be designed using a modular approach. 
Functional models for EBU applications 
are designed by a system engineering 
team with Simulink. These Simulink mod-
els are also imported into SCADE using the 
Simulink gateway. Before being imported, 
they are verified in the Simulink environ-
ment based on the software requirements. 
The test scenarios are described in Excel® 
sheets and converted into *.in format for 
the SCADE simulator. When both simula-
tion results are identical, it means that 
the simulation is correct. Once all pieces 
of the functional Simulink models are 
converted into SCADE correctly, they are 
integrated into the safe SCADE architec-
ture node. 

COURTESY SUBARU.

REFINEMENT OF SCADE MODELS 
To reduce verification time, the SCADE 
Suite Design Verifier is used to check if 
the SCADE model prior to refinement is 
identical to the one after refinement. In 
general, formal verification techniques 
are used to test properties like safety, but 
verification algorithms may face numeri-
cal difficulties if the nodes contain more 
arithmetic calculations than decision  
diagrams and state machines. Subaru 
engineers refine the SCADE models daily, 
and Design Verifier helps to validate  
the models.

SAFE AND RELIABLE 
AUTOMATIC CODE GENERATION 
FOR INTEGRATION
The final stage of the SCADE process is 
to generate C source codes from the ver-
ified SCADE models using the IEC 61508 
certified SCADE Suite KCG code generator. 
The generated code usually meets safety 
objectives. Because the KCG tool has been 
qualified and certified for this purpose, 
Subaru verifies that the safe properties 
obtained from the safe SCADE architec-
ture model are retained in the generated 
codes. Two SCADE Suite KCG features are 
essential to ensure that safe properties 
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� A combination of safe state machine and decision diagram is the basis of the safe SCADE architecture model.

� Safe access to variables that memorize the values exists as a unique path.

Comparing the Architecture Model and Generated Codes

SCADE assures data access with a unique path when a node con-
tains variables that memorize the value. This is not applied to a 
“function” in SCADE because the function does not contain any 
variables that memorize the values. If node TN() calls node a() 
and node b(), and a() and b() commonly call node c(), and all of 
them contain variables that memorize values, the data are struc-
tured by the node in the generated codes. Although node c() is 
commonly called from two nodes a() and b(), its correspond-
ing data are structured separately. Because KCG guarantees it, 
another data structure is created safely when the root node TN() 
is called by interruption while it is being executed.

The generated code is also correct thanks to SCADE Suite’s 
KCG IEC 61508 certified code generator. C code is a part of the 
generated codes from a safe SCADE Suite architecture model 
using KCG. To compare the safe SCADE architecture model with 
the codes, all copies of inputs are coded by the kcg_copy macro 
function using the default memcpy function. KCG makes it 
possible to replace the macro with a user-defined macro after 

code generation without any impact on the other codes. Subaru 
replaced the kcg_copy macro with the one inhibiting interrup-
tion during the copy.

AUTOMOTIVE
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are met in the codes: The variables are protected from overwrit-
ing when interruption occurs, and input data is appropriately 
copied before being used as described in the safe SCADE archi-
tecture model.

DEVELOPING CONTROL SOFTWARE FOR HEVS 
USING SCADE
Using SCADE software, Subaru was able to describe consis-
tent readable models ranging from safe architecture design to 
detailed designs. Thanks to SCADE Suite’s KCG IEC 61508 certi-
fied code generator, the verification time at code level was signifi-
cantly reduced, as most of the verification was completed upfront 
at the SCADE model level. A small group of Subaru engineers 
completed a large and very complex application while signifi-
cantly reducing software development and testing time. Subaru 
engineers continue to use SCADE Suite as an important part of 
their HEV development process. 

Subaru engineers 
completed a large and very 
complex application while 
significantly reducing 
software development  
and testing time.
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COURTESY SUBARU.

if (Ctxt_App_Main.init) { 
  Ctxt_App_Main.init = kcg_false; 
  SM1_state_act = SSM_st_Init_SM1; 
 } 
 else { 
   SM1_state_act = Ctxt_App_Main.SM1_

state_nxt; 
 } 
 switch (SM1_state_act) { 
  case SSM_st_Run_SM1 : 
    Ctxt_App_Main.SM1_state_nxt = 

SSM_st_Run_SM1; 
   switch (thread) { 
    case low : 
      copy_tbMidType(&Ctxt_App_

Main.tbMid, &_L8_SM1_Run_
WhenBlock_low); 
copy_tbHighType(&Ctxt_
App_Main.tbHigh, 
&_L7_SM1_Run_WhenBlock_low);

Main_Low(&InBufLow,&_L7_SM1_Run_
WhenBlock_low,&_L8_SM1_Run_WhenBlock_
low, 
     &Ctxt_App_Main._2_Context_2);

kcg_copy_tbLowType(&Ctxt_App_Main.
tbLow,&Ctxt_App_Main._2_Context_2.
tbLow);

     kcg_copy_
OutBufLowType(&OutBufLow,&Ctxt_App_
Main._2_Context_2.OutBufLow); 
     break; 
    case mid : 
      copy_tbHighType(&Ctxt_App_Main.

tbHigh, &_L8_SM1_Run_WhenBlock_
mid); 
 Main_Mid(&InBufMid,&_L8_SM1_Run_
WhenBlock_mid,&Ctxt_App_Main.
tbLow, 
&Ctxt_App_Main._1_Context_2);

kcg_copy_tbMidType(&Ctxt_App_Main.
tbMid,&Ctxt_App_Main._1_Context_2.
tbMid);

kcg_copy_
OutBufMidType(&OutBufMid,&Ctxt_App_
Main._1_Context_2.OutBufMid); 
     break; 
    case high : 
      Main_High(&InBufHigh,&Ctxt_App_

Main.tbMid,&Ctxt_App_Main.tbLow, 
 &Ctxt_App_Main.Context_2);

kcg_copy_tbHighType(&Ctxt_App_Main.
tbHigh,&Ctxt_App_Main.Context_2.
tbHigh);

kcg_copy_OutBufHighType(&OutBufHigh,&
Ctxt_App_Main.Context_2.OutBufHigh); 
     break; 
   } 
   break; 
  case SSM_st_Init_SM1 : 
    Ctxt_App_Main.SM1_state_nxt = 

SSM_st_Run_SM1;
kcg_copy_tbLowType(&Ctxt_App_Main.
tbLow, (tbLowType *) &tbLowInit); 
kcg_copy_tbMidType(&Ctxt_App_Main.
tbMid, (tbMidType *) &tbMidInit); 
kcg_copy_tbHighType(&Ctxt_App_Main.
tbHigh, (tbHighType *) &tbHighInit); 
kcg_copy_OutBufLowType(&OutBufLow, 
(OutBufLowType *) &OutBufLowInit); 
kcg_copy_OutBufMidType(&OutBufMid, 
(OutBufMidType *) &OutBufMidInit); 
kcg_copy_OutBufHighType(&OutBufHigh, 
(OutBufHighType *) &OutBufHighInit); 
   break; 
 }
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W hen a commercial 
pipeline needs to 
be repaired, there 
is no room for 
second guesses. 
Industrial oil and 

gas pipes can break down due to dam-
age, corrosion or both. When they do fail, 
many thousands of utility customers may 
be left without service. Furthermore, there 
could be significant risks, to both the sur-
rounding environment and public safety. 
During such an emergency, composites 
materials have proven to be critical in 
making necessary repairs. Repairing per-
sonnel require a reliable system that can 
handle extreme real-world conditions and 
can be deployed in a timely fashion. For 
manufacturers of composites pipe repair 
systems, such as Neptune Research, Inc. 

NRI’s repair systems need to perform 
at harsh ground conditions, including 
extremes in temperature and 
precipitation, and underwater.

ENERGY

DESIGNING FOR 
REAL-WORLD REPAIRS
Linear and nonlinear structural analyses improve pipeline repair using composites materials.

By Eri Vokshi, Civil Engineer, Neptune Research, Inc., Lake Park, U.S.A.

(NRI), structural analysis from ANSYS 
plays a critical role in this effort. 

At NRI’s Florida headquarters, com-
mon practice is to develop virtual proto-
types before building physical ones. 
NRI engineers subject a computational 
model of a physical project to various 
load cases to see how the repair system 
responds. The ANSYS suite of structural 

analysis solutions is ideal for such 
applications, taking into account loads 
like deformations, vibration charac-
teristics and reaction forces. To sat-
isfy customers’ expectations, NRI’s 
repair systems need to perform at 
harsh ground conditions, including 
extremes in temperature and precipita-
tion, and underwater. In meeting these  

http://www.ansys.com/Industries/Energy
http://www.ansys.com/Products/Simulation+Technology/Structural+Mechanics
http://www.ansys.com/Resource+Library/White+Papers/Simulating+Composite+Structures
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� Exposed pipe elbow repaired with FRP composites material

� Pipe hoop stresses in undamaged steel pipe using linear material model 
(top). The maximum stress is approximately 65,000 psi. Pipe hoop stress 
modeled using nonlinear material model for steel (bottom), subject to the 
same load. The maximum hoop stress is approximately 63,000 psi.

performance requirements, NRI designers use ANSYS 
Composite PrepPost and ANSYS Structural to compare linear 
and nonlinear analyses of steel pipe and to help determine the 
effectiveness of repairs using fiber-reinforced polymers. 

In many applications of pipe reinforcement, deterioration of 
pipe-wall material due to corrosion or other physical damage is 
assumed to be large, which means greater than 50 percent. At 
such wall deterioration, the designed internal pressure for an 
undamaged pipe often produces stress that exceeds the yield 
strength of the remaining steel. Thus, external application of a 
fiber-reinforced polymer (FRP) composites material is needed to 
reinforce the weakened section of pipe. Simulation with ANSYS 
tools has helped the NRI team to predict and verify the perfor-
mance of a repair solution. In this case, the repair solution that 
was analyzed was NRI’s Viper-Skin™ system.

For the nonlinear simulation of a reinforced pipe, the NRI 
team used ANSYS Composite PrepPost. The steel was modeled 
as an elastic, perfectly plastic material. The yield and ultimate 
strengths of the pipe were 43,000 psi and 65,000 psi, respec-
tively. Material properties were obtained from the steel-mill cer-
tificate (which certifies the manufacturing standards of the mill’s 
product). For the linear simulation, NRI used an isotropic mate-
rial with a defined modulus of elasticity and Poisson’s ratio. For 
both linear and nonlinear pipe simulations, the team modeled 
the Viper-Skin composite as an orthotropic material with a linear 
stress–strain curve. Material properties of Viper-Skin were deter-
mined from third-party testing and internal materials testing.

NRI began its simulation study by using ANSYS Structural to 
analyze an undamaged pipe with an internal pressure of 5,700 
psi, which was the burst pressure observed from hydrostatic test-
ing. Results from the linear simulation indicated that the inside 
surface of the pipe was more highly stressed than the outside  
surface, while the nonlinear simulation showed that the out- 
side surface was more highly stressed. The stresses produced by 
the burst pressure are beyond the steel’s yield stress, so compar-
ing those stresses to the results from a linear stress analysis is not 
valid. A nonlinear stress analysis is needed for the comparison.

In the next step of the simulation, NRI’s engineers introduced 
an external defect into the pipe representing 80 percent wall loss 
while maintaining an internal pressure of 5,700 psi. As part of 
the repair system, the plan involved filling the physical defect 
with a proprietary epoxy to optimize load transfer between the 

defect and the Viper-Skin. In Composite PrepPost, the team used 
an isotropic material to represent the epoxy filler. Material prop-
erties of the epoxy were determined from third-party testing and 
internal materials testing. Without repair, ductile yielding would 
eventually lead to premature rupture of the steel. Simulation pre-
dicted that the repair would hold solid even with the 80 percent 
wall loss, and subsequent physical testing confirmed the validity 
of the ANSYS model.

The NRI team found that nonlinear analysis capabilities of 
ANSYS structural mechanics tools combined with Composite 
PrepPost were very useful in predicting stress distributions 
in composites-reinforced pipes. The flexibility of ANSYS soft-
ware allowed the NRI engineering team to capture the subtle-
ties of dealing with the properties of composites materials. 
Although the research team could perform its job without sim-
ulation, ANSYS software gave the typical user the ability both 
to respond more quickly and to take more details into account.  
For example, engineers could analyze the predicted behavior 

http://www.ansys.com/Products/Simulation+Technology/Structural+Mechanics/ANSYS+Structural
http://www.ansys.com/Products/Simulation+Technology/Structural+Mechanics/ANSYS+Composite+PrepPost
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Nonlinear analysis capabilities of ANSYS structural 
mechanics tools combined with Composite PrepPost 
were useful in predicting stress distributions in 
composites-reinforced pipes.

� Typical defect profile simulated by NRI engineers (left). Eighty percent of the pipe wall is removed over an area 3.28 inches long by 1.67 inches wide. The 
simulation results were then compared against physical testing of the same defect machined into a pipe (right).

of different composites materials side 
by side within minutes. Thought of in 
another way, you could walk to the store 
and carry groceries home on foot, but 
driving is faster and allows you to trans-
port more items. Similarly, simulation 
has enabled NRI’s engineers to be more 
productive. 

ANSYS tools have proven to be instru-
mental in making sure that demanding 
oil and gas industry customers obtain the 
quality repair solutions that they rely on 
from NRI. In addition to using the soft-
ware for detailed linear and nonlinear 

analyses, NRI engineers apply har-
monic analysis (for determining har-
monically time-varying load responses) 
and spectrum analysis (for random 
vibrations). Beyond that, the team 
is working on composites flaw detec-
tion models to evaluate the effects of  
various types of damage and their 
impact on pipe load capacity.

These types of studies aid a company 
in reducing its product development cycle 
while improving performance. This can 
result in a significant advantage over 
competitors, and ANSYS simulation tools 

have provided NRI with that advantage. 
Being quick to market is important, but 
the repair solution also must be easy to 
use and reliable. More important is that 
simulation continues to give NRI design-
ers confidence that their repair designs 
are sound — before they are put to the test 
in the real world. 

ENERGY

Simulation gives NRI designers confidence that 
their repair designs are sound, well before they 
are put to the test in the real world.

http://www.ansys.com/Industries/Energy/Oil+&+Gas
http://www.ansys.com/Industries/Energy


© 2013 ANSYS, INC. ANSYS ADVANTAGE  Volume VII  |  Issue 3  |  2013         47

 Stress distribution in a repaired pipe. Using linear analysis (top), results 
show the peak stress to be within the flaw, incorrectly suggesting that the 
repaired pipe would still fail. Using nonlinear analysis (bottom), there is no 
stress concentration within the flaw area and the pressure load is uniformly 
distributed, which is a desired condition for pipe repair.

� Actual physical test pipe specimen pressurized until failure. As predicted 
with ANSYS Composite PrepPost analysis, the repair held solid. This test 
confirmed the validity of the simulation model and the strength of the 
composites repair.

Cray partners with ANSYS to build solutions enabling engineers to meet existing and 
future simulation challenges. Leveraging years of experience developing the 
world’s most advanced supercomputers, Cray brings a comprehensive portfolio of 
high performance computing systems, storage and Big Data solutions delivering 
unrivaled performance and scalability.

http://www.cray.com/Home.aspx
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� Trane chiller

Trane’s automated workflow uses ANSYS combined with Optimus parametric 
optimization to evaluate 10 design alternatives and tune the refrigerant line 
geometry until the operating stresses are below the endurance limit — 
all in the time once required to analyze just one design.

INDUSTRIAL EQUIPMENT

COOL CUSTOMER
Design optimization demonstrates the ability to reduce engineering time and increase fatigue life  
of refrigerant lines on a new generation of scroll chillers.

By Pavak Mehta, Acoustic Engineer, Trane, La Crosse, U.S.A.

P reventing fatigue failure 
of copper refrigerant lines 
that connect compres-
sors to condenser coils is 
a critical aspect of design-
ing a new scroll compres-

sor chiller configuration. Traditionally, 
R&D teams use a combination of physical 
testing and conventional finite element 
analysis to qualify the lines, especially 
to identify and correct resonances that 
could cause a reliability problem. But this 
approach is too slow to address chiller 
designs that have more than 100 refriger-
ant-line configurations. Trane has devel-
oped a new automated workflow capable 
of developing robust designs. The meth-
odology combines design of experiments, 
response surface modeling and numer-
ical optimization algorithms to config-
ure refrigerant lines to minimize stress 
at running speed. The automated work-
flow uses ANSYS software combined with 
Optimus parametric optimization tools to 
evaluate 10 design alternatives and tune 
the refrigerant line geometry until oper-
ating stresses are below the endurance 
limit — all in the time once required to 
analyze just one design. 

Trane is the world’s leading pro-
ducer of commercial and light commer-
cial scroll air-cooled chillers that are 
used for air conditioning, process cool-
ing, refrigeration, dehumidification and 
other applications. The company’s line 
of chillers includes single-scroll com-
pressor configurations under 15 tons 

up to tandem compressors over 60 tons. 
The refrigerant lines are sized to survive 
long periods of near-continuous opera-
tion in an environment that teems with 
strong vibrations generated by compres-
sor cycling. Lines that are configured with 
a resonant frequency away from the oper-
ating frequency of the compressor have 
a substantially longer fatigue life. Each 
line’s resonant frequencies depend on 
the details of its geometry, such as overall 
length, bends and bend radii. The geom-
etry of each line is, in turn, constrained 

by the need to avoid obstructions, such as 
equipment and other lines. 

EXISTING MANUAL PROCESS 
The refrigerant lines for scroll chillers are 
designed using a combination of finite 
element analysis and physical testing. 
Dynamic finite element analysis is per-
formed to predict the amount of stress 
generated by a unit of motion. Then the 
compressor is run to determine the max-
imum motion actually experienced by 
the line. These tests are time consuming 

http://www.ansys.com/Industries/Industrial+Equipment+&+Rotating+Machinery
http://www.ansys.com/Business+Initiatives/Product+Integrity+Through+Robust+Design+Optimization
http://www.ansys.com/Business+Initiatives/Productivity+Through+Simulation+Process+Compression
http://www.ansys.com/Business+Initiatives/Productivity+Through+Simulation+Process+Compression
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� Typical refrigerant lines

� Example of fatigue failure

� Line geometry optimization process

because they have to be run at a wide 
range of speeds under several configu-
rations to be certain of exciting all of the 
resonances in each line at its peak. The 
motion observed in the test is used to 
scale up the stress seen at unity motion 
to predict actual stress on the line. 

If the stress exceeds the fatigue limit, 
then the line has to be redesigned. The 
general approach is to reduce resonant 
frequency of a refrigerant line by increas-
ing its mass and reducing stiffness. 
Likewise, to increase resonant frequency, 
the team reduces the mass and increases 
the line’s stiffness. Each time the design 
is changed, a new analysis iteration is 
performed. This is a tedious process; tra-
ditionally, it relied heavily on the experi-
ence of the engineer.

NEW-GENERATION CHILLER 
INCREASES DESIGN CHALLENGE
Creating a newer generation of scroll 
chiller that delivers higher performance 
while greatly increasing the number of 
configurations creates a major challenge. 
Current traditional analysis methods 

would greatly increase the amount of 
physical testing required and lengthen 
the product introduction schedule. Trane 
looked into developing an alternative 
approach: utilizing an optimization tool 
to automate a simulation workflow that 
evaluates potential resonance issues and 
iterates toward the most favorable lower-
stress solution. 

Trane worked with Optimus® from 
Noesis Solutions, a process integration 
and design optimization solution that 
bundles a collection of design explora-
tion and numerical optimization meth-
ods. Optimus is tightly integrated with 
ANSYS Workbench, enabling the user to 
directly interact with Workbench design 
parameters and analysis results. Rather 
than manually defining substitution 
and extraction rules of design parame-
ters and analysis results, the user sim-
ply drags and drops the Workbench icon 
into Optimus’ graphic workflow editor. By 
visually formalizing the refrigerant lines 
simulation process in the workflow edi-
tor, Optimus establishes direct and auto-
matic interfacing with ANSYS Workbench.

http://www.ansys.com/Products/Workflow+Technology/ANSYS+Workbench+Platform
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Trane engineers built a CAD model of a tandem scroll com-
pressor and refrigerant line layout, which they imported into 
ANSYS Workbench. They defined and parameterized the relevant 
design variables of the refrigerant lines and identified feasible 
ranges for each variable. Then the team used the Optimus work-
flow engine that automatically drives the design exploration and 
optimization process. 

AUTOMATING THE SIMULATION WORKFLOW 
The simulation process starts with meshing the model and 
setting up boundary conditions. These tandem compressors 
are designed so they don’t exceed a certain vibratory motion. 
Trane engineers used structural dynamics to determine the 
amount of motion generated by a small unity force, then they  
back-calculated the amount of force required to produce the max-
imum possible motion in a single compressor. The two compres-
sors each can generate this force in different phases relative to 
each other. Trane engineers considered four load cases based on 
0, 90, 180 and 270 degrees phase lag between the two compres-
sors. For example, with 0 degree phase lag, the two compressors 
both exert maximum force in the same direction. Engineers used 
ANSYS Mechanical to conduct harmonic force response analysis 
and employed APDL command snippets to extract the maximum 
equivalent stress at each load, frequency and phase angle.

� CAD geometry of compressor frame with lines � Maximum stress from four load cases

� Original design (left) and optimized design (right) � Response surface map for two design 
variables

Then the engineers used Optimus to perform design of exper-
iments (DOE) on the simulation workflow to explore the design 
space with minimum computational effort. A response surface 
fitted to the data points revealed by the DOE serves as a reliable 
metamodel to efficiently identify the global optimum for the 
refrigerant lines configuration under investigation. Performing 
design optimization directly on the metamodel eliminates the 
need to rerun additional ANSYS Workbench simulation itera-
tions, saving substantial amounts of time. Subsequently, a local 
gradient-based optimization is carried out by rerunning the har-
monic force response analysis in the area of the global optimum. 
Optimus’ automated workflow execution results in an optimized 
set of refrigerant lines design variables, ensuring that the local 
operating alternating stress remains below 5,000 psi.

The increasing complexity of new-generation chiller design 
created challenges for Trane engineers in ensuring robust design 
of refrigerant lines. Trane is now ready to address this chal-
lenge with an Optimus-driven optimization process including 
engineering simulation from ANSYS that substantially reduces 
stress in each line while also ensuring conformance to geometric 
and functional specifications. The future process has the ability 
to reduce line stress, which will make Trane scroll compressor 
refrigerant lines more robust while reducing time to market and 
freeing engineering effort for more proactive tasks. 

INDUSTRIAL EQUIPMENT

http://www.ansys.com/Products/Simulation+Technology/Structural+Mechanics/ANSYS+Mechanical
http://www.ansys.com/staticassets/ANSYS/staticassets/resourcelibrary/article/AA-V4-I1-Best-of-Both-Worlds.pdf
http://www.ansys.com/Industries/Industrial+Equipment+&+Rotating+Machinery
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L arge industrial plants and their need for higher 
accuracy are increasing the computational intensity 
of simulation in process industries. For example, at 
FLSmidth, a multiphase flow model of a flash dryer 
with realistic particle loading in the ANSYS CFX 
solver takes about five days to run on its local infra-

structure. FLSmidth was interested in reducing the solution time 
and, if possible, increasing mesh size to improve the accuracy 
of its simulation results without investing in a computing clus-
ter that would be utilized only occasionally. So, the decision was 
made to participate in the Uber-Cloud Experiment, which was 
initiated by a consortium of 160 organizations and individuals 
for the purpose of overcoming roadblocks involved in remotely 
accessing technical computing resources in high-performance 
computing (HPC) centers and in the cloud. 

� Flash dryer model viewed with ANSYS post-processing tool

CHEMICAL PROCESS

ON CLOUD NINE
HPC in the cloud reduces runtime for a complex multiphase CFD model  
with realistic particle loading from five days to two days.

By Sam Zakrzewski, Fluid Dynamics Specialist, FLSmidth A/S, Copenhagen, Denmark  
and Wim Slagter, Lead Product Manager, ANSYS, Inc.

FLASH DRYER APPLICATION
FLSmidth is the leading supplier of complete plants, equipment 
and services to the global minerals and cement industry. The 
company recently designed a flash dryer for a phosphate proc-
essing plant in Morocco. The dryer takes a wet filter cake and 
produces a dry product suitable for transport to markets around 
the world. The flash dryer procedure was designed by FLSmidth’s 
process department; the structural geometry was created by its 
mechanical department based on engineering calculations and 
previous experience. 

Before investing large amounts of money and time to build 
the dryer, it is essential to verify that the proposed design will 
deliver the required performance and evaluate if alternatives 
can be found that cost less to build and operate. This dryer is 
the largest ever built, so FLSmidth used ANSYS computational 

Uber-Cloud 
Experiment
The aim of the first round of the Uber-Cloud Experiment was 
to explore the end-to-end process of accessing remote HPC 
resources and to study and overcome the potential roadblocks. 
The project brought together four categories of participants: 
industry end-users, computing and storage resource providers, 
software providers such as ANSYS, and HPC experts. ANSYS 
was engaged with multiple teams, and this article is a sum-
mary report of one of the teams.

http://www.ansys.com/Products/Workflow+Technology/High-Performance+Computing
http://www.ansys.com/Products/Simulation+Technology/Fluid+Dynamics/Fluid+Dynamics+Products/ANSYS+CFX
http://www.ansys.com/Industries/Materials+&+Chemical+Processing
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� Compute nodes deployed by extreme factory

Per Node

• 2 Intel E5-2680 –  
2.70 GHZ sockets

• 8 cores per socket –  
8.0 GT – 20 MB – 130W

• 64 GB RAM = 4 GB/core 
DDR3 1600 MHZ

• 2 x 500 GB SATA  
hard disks

• 1 Infiniband QDR port  
(40 Gb/s)

• 2 x 1g Ethernet ports

fluid dynamics (CFD) tools in addition to extensive pilot test-
ing to evaluate the operation of the dryer prior to installation. 
This approach helps identify designs that reduce construction 
and operating costs and reduces the risk of having to modify the 
dryer during the installation phase.

COMPLEX FLOW SIMULATION PROBLEM
ANSYS CFX is considered by FLSmidth to be the tool of choice for 
flash dryer design because it provides the breadth and depth of 
physical models and interaction among these models needed for 
the demanding multiphysics requirements of designing dryers 
and other process equipment.

Accurately simulating the performance of a flash dryer 
requires modeling the flow of gas through the dryer, tracking 
the position of particles as they move through the dryer and cal-
culating the moisture loss from the solid particles. For exam-
ple, the multiphase flow model of the dryer used in the phos-
phate plant employs Lagrangian particle tracking to trace five 
different species in time steps of 1 millisecond for a total time 
of 2 seconds.  

FROM DESKTOP TO CLOUD
As mentioned, the model originally took five days to solve on 
a local machine with a Xeon® processor running at 3.06 GHz 
with 24 GB RAM. FLSmidth recently ran this same model on 
a cloud solution provided by Bull extreme factory (XF) with  
technical assistance from science + computing. The model ran 
on 128 Intel® E5-2680 cores in the cloud in about 46.5 hours. 
The cloud solution demonstrated the potential to run mod-
els faster, increasing the speed of sensitivity analysis while  
reducing the amount of internal resources that need to be 
devoted to IT and infrastructure issues. The XF resources used 
in this project are hosted in the Bull data center at the compa-
ny’s headquarters outside Paris; they feature Bull B510 blades 
with Intel Xeon E5-2680 sockets with eight cores, 64 GB RAM 
and 500 GB hard disks connected with InfiniBand® quad data 
rate (QDR) serial links. 

This project demonstrates 
the feasibility of migrating 
powerful computer-aided 
engineering applications 
to the cloud.
– Marc Levrier, HPC Cloud Solution Manager, XF

� ANSYS CFX solve manager 

CHEMICAL PROCESS

http://www.ansys.com/Industries/Materials+&+Chemical+Processing
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RUNNING SIMULATION IN THE CLOUD
The XF team integrated ANSYS CFX into its web user interface, 
which made it easy to transfer data and run the application. The 
XF team spent around three man-days to set up, configure and 
execute the ANSYS CFD experiment. science + computing pro-
vided technical assistance in setting up the problem to run in 
the cloud. FLSmidth engineers spent around two man-days to 
understand, set up and utilize the XF interface methodology. 
Users were able to easily manage ANSYS licenses through the 
interface. “This project demonstrates the feasibility of migrat-
ing powerful computer-aided engineering applications to the 
cloud,” said Marc Levrier, HPC Cloud Solution manager for XF.

SUBSTANTIAL TIME SAVINGS
The ANSYS CFX solver was designed from the ground up for 
maximum parallel efficiency. All numerically intensive tasks 
are performed in parallel, and all physical models work in par-
allel. Administrative tasks, such as simulation control and user 
interaction, as well as the input/output phases of a parallel run 
are performed in sequential mode by the master process. This 
approach guarantees good parallel performance and scalability 
of the parallel code. It also ensures that the input/output files 
are the same as those produced by a sequential run.

A few early runs failed due to hardware or software glitches, 
but soon the model was successfully solved on 128 cores. 
The runtime of the successful job was about 46.5 hours ― so 
FLSmidth’s primary goal of running the job in one to two days 
was met. The XF team installed ANSYS CFD-Post visualization 
software and made it available from the portal in a remote 3-D 
visualization session; it was used to view the simulation results. 
The users monitored the runs with the solver manager user 
interface, avoiding the need to download large output log files.

TAKE-AWAY POINTS
This experiment demonstrated that the initial deployment of HPC 
applications in a cloud requires a lot of experience and planning, 
plus a team to both deploy and tune applications and support 
software users. For example, some hardware provisioning delays 
were experienced because pressure from production made it dif-
ficult to find free resources and tune them to get good results. 

Within the first round of the Uber-Cloud Experiment, there 
was not enough time available to perform scalability tests with 
the CFD solver. These would have been helpful in determining 
how additional resources could have been deployed to further 
reduce the runtime of the job. Due to the size of output data and 
transfer speed limitations, the users concluded that the remote 
visualization solution was necessary. Remote visualization in a 
Windows®-based environment means that a dedicated visualiza-
tion server is required to render the results in a timely and usable 
manner. Users also would like to have access to more cluster met-
rics than are currently readily available, such as CPU, memory 
and I/O usage. In the end, this was a very promising experiment 
that demonstrates the potential of the cloud to reduce the time 
required to solve large CFD models while avoiding the need for 
investing in and administering HPC resources. 

This experiment 
demonstrated the 
potential of the cloud to 
reduce time required to 
solve large CFD models 
while avoiding the  
need for investing in 
and administering 
HPC resources.

Initial deployment of 
HPC in a cloud requires 
a lot of experience and 
planning, plus a team  
to both deploy and tune 
applications and 
support software users.

� ANSYS CFX job submission web form
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TECH TIP Departments

ACCELERATING 
MECHANICAL 
SOLUTIONS  
WITH GPUs
Graphical processing units can be used with ANSYS structural mechanics software  
to solve large, complex models faster.

By Sheldon Imaoka, Principal Engineer, ANSYS, Inc.

A NSYS structural mechanics products have 
supported parallel processing for over two 
decades, and the distributed solution capabili-
ties provide extremely fast solution turnaround 
times. ANSYS users, however, always push the  
boundaries related to size and complexity of 

models that can be solved with current hardware. The use of 
high-end graphical processing units (GPUs) can provide analysts 
with a way to decrease overall solution times, since they can 
solve larger models in the same amount of time to provide bet-
ter numerical accuracy or solve models more quickly for shorter 
turnaround times. Although the actual speedup is dependent 
on hardware constraints and model characteristics, the meth-
ods used in this article can help you to obtain optimal perfor-
mance for a given scenario using the GPU acceleration capability 
in ANSYS structural mechanics software.

ACCELERATING BOTH OLD AND NEW HARDWARE
New and older hardware both can benefit from the use of GPU 
acceleration. You can use this tool on a single machine as well 
as on a cluster configuration.

� Radial impeller cyclic symmetry model (visually expanded)  
GEOMETRY COURTESY PADT, INC.

GPUs provide analysts 
with a way to decrease 
overall solution times.

For example, a block Lanczos cyclic symmetry modal anal-
ysis of a radial impeller was solved on a two quad-core Intel® 
Xeon® E5530 (Nehalem architecture) workstation. (This chip 
was made available in early 2009.) By today’s standards, this 
CPU is a few generations behind. However, using an NVIDIA® 
Quadro® 6000 card with GPU acceleration, you can obtain signif-
icant speedup without having to replace the entire workstation.

http://www.ansys.com/Products/Simulation+Technology/Structural+Mechanics
http://www.ansys.com/Products/Workflow+Technology/High-Performance+Computing/ANSYS+HPC+Packs/Features/GPU+Computing
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Compared with the default case of using two cores, add-
ing the GPU provided a 3.6 times speedup. Because of the older 
architecture, the speedup from two to eight cores resulted in 
only a 2.7 times speedup, but adding a GPU increased it further 
by 1.6 times.

On the other hand, when the newer Intel Xeon E5-2690 
(Sandy Bridge architecture) was used to solve a PCG Lanczos 
modal analysis of a dual-segmented langmuir probe (DSLP) on 
two compute nodes, each with a GPU and employing GPU accel-
eration, the overall solution decreased by a factor of 1.8 times.

Even on new hardware, GPU acceleration can provide 
faster solutions, and the ability to use multiple GPUs in a  
single simulation is very attractive for large models.

HOW GPU ACCELERATION WORKS
While a CPU has eight or fewer cores, a GPU may have hun-
dreds or thousands of cores. CPU and GPU cores are not directly 
comparable — a CPU core is designed to handle general, com-
plex instructions, while a GPU core is meant for specific, sim-
pler tasks — but the idea behind GPU acceleration is to leverage 
hundreds or thousands of GPU cores for reducing overall solu-
tion time.

Some overhead is associated with packing the data on the 
CPU, sending it to the GPU, then retrieving the information. GPU 
cores are designed for specific tasks, so only the most computa-
tionally intensive portion of a solution is sent to the GPU when 
GPU acceleration is used. 

Analyses that spend a significant portion in matrix factoriza-
tion in which the computation is offloaded to the GPU will bene-
fit the most from GPU acceleration. If the factorization is a small 
percentage of the overall elapsed time, then GPU acceleration 
will not have as great an impact in reducing the solution time.

Number of cores GPU (Quadro 6000) Speedup

2 no 1.00

8 no 2.67

2 yes 3.60

8 yes 4.30

Number of  
cores

GPU  
(Tesla C2075) Speedup

16 (2 x 8) no 1.00

16 (2 x 8) yes (2) 1.83

� DSLP model on Intel E5-2690 and NVIDIA Tesla C2075

� Flowchart for sparse direct solver and GPU acceleration. The 
computation is offloaded to the GPU during matrix factorization for 
the sparse direct solver.

� 2 million DOF impeller model on Intel E5530 and NVIDIA Quadro 6000

Solve larger models in the 
same amount of time to 
provide better numerical 
accuracy, or solve models 
more quickly for shorter 
turnaround times.

When solving in batch mode, the Mechanical APDL 14.5 
solver output file contains the following line after the solution 
is complete:

The last line of the solver output is:

If the total CPU time for the main thread is a high percent-
age of the total elapsed time (in this example, 99.8 percent), 
the solution is compute-bound, and adding more cores, GPUs or 
both could decrease the solution time even further. If the total 
CPU time for the main thread is not a high percentage of the total 
elapsed time, then the solution is I/O bound, meaning that disk 
speed, network speed, memory bandwidth and/or other factors 
are a bottleneck.

Total CPU time for main thread:    3868.9 seconds

Elapsed Time (sec) = 3877.000    Date = 03/18/2013

Pre-processing Post-processing
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In the sparse solver statistics output file (“file.BCS”), you can 
find the following line:

The first value can be ignored, but the second value gives the 
total time spent on factorization. If this value is large compared 
with the overall elapsed time (in this case, 89 percent), this indi-
cates that the solution should benefit with GPU acceleration.

For the PCG iterative solver, the same idea applies, but, in 
this case, use the following line in the PCG solver statistics file 
(“file.PCS”):

The second number shown under Multiply With A22 pro-
vides information on the portion of the solution that can be 
accelerated with the GPU accelerator. If this value is a large per-
centage of the total elapsed time, GPU acceleration should have 
a substantial influence in reducing the turnaround time.

If the factorization or Multiply With A22 time is a smaller 
fraction of the overall elapsed time, you can still use GPU accel-
eration, but the benefit will not be as great as some of the num-
bers published within this article. Similarly, if the CPU time for 
the main thread is a smaller fraction of the overall solution time, 
it is likely that general parallel processing (that is, using more 
CPU cores) may not have an appreciable impact because the 
solution is not compute-bound.

TIPS ON USING GPU ACCELERATION
You can use GPU acceleration to solve many problems, either 
with the SMP or distributed version of Mechanical APDL. Here 
are a few tips to get the most out of GPU acceleration:

• If using the sparse direct solver, ensure that the solution is 
always solving in-core. The sparse direct solver can utilize 
a lot of memory because the factored stiffness matrix is 
significantly more dense than the original matrix. If the 
solution runs in out-of-core mode, there will be a lot of 
I/O operations performed, causing a bottleneck so that the 
data will not be sent to the CPU and GPU fast enough and, 
therefore, compute power will be underutilized. A minimum 
of 48 GB of physical RAM is suggested, although this 
depends on the size of the models you typically solve.

• If using the PCG iterative solver, consider using multiple GPUs. 
While the sparse direct solver requires a lot of physical 
RAM compared to the amount of graphics memory, the PCG 
iterative solver is the opposite: Less physical RAM is needed, 
but more graphics memory is desirable. The supported 
graphics cards typically have 5 GB to 6 GB of graphics 
memory, so the only option for increasing graphics memory 
is to use additional cards. In ANSYS 14.5, multiple GPUs can 
be used for supported iterative solvers, allowing for larger 
problems to be solved on GPUs.

• For nonlinear analyses, use the NCNV command to obtain 
initial statistics of the solution. Instead of waiting for a long 
nonlinear analysis to complete to determine if the solution 
is compute-bound or I/O-bound, use the NCNV,,,3 command 
to stop the analysis after three iterations. (In ANSYS 
Mechanical with ANSYS Workbench, insert a “Commands 
(APDL)” object under the analysis branch and add this 
command.) The .PCS and .BCS files will reflect the solver 
time for a single iteration, so multiply this value by three to 
get a rough estimate of the time spent by the solver.

• Avoid use of Lagrange multipliers. ANSYS GPU acceleration 
does not support Lagrange multipliers, which typically 
arise in three areas: “normal Lagrange” contact, “mixed 
u-P” formulation, and joints/MPC184 elements. For 
contact elements, use augmented Lagrange or other 
contact algorithms. For hyperelastic materials, add some 
small compressibility (real-life materials are not fully 
incompressible anyway) to avoid using the mixed u-P 
formulation. For joints, consider if the joint can be replaced 
with remote points and constraints or constraint equations. 
For example, a body-to-ground revolute joint could be 
replaced with a remote displacement support.

HARDWARE AND LICENSING REQUIREMENTS
Although this article makes reference to GPUs, not all graphics 
cards are supported for GPU acceleration. There are a few impor-
tant requirements for using GPUs in any FEA solution:

• Double-precision performance: The Mechanical APDL solver 
uses double-precision for its calculations for accuracy, but 
not all GPUs can handle double-precision computations 
efficiently.

TECH TIP

time (cpu & wall) for numeric factor =   
6763.03  3450.27 

Multiply With A22     1309.82   1307.28

� DSLP model, 7.6 million DOF GEOMETRY COURTESY SVS FEM S.R.O.
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• Adequate graphics memory: The benefit of GPU acceleration 
is most evident on large models, for which computational 
costs are high. Because of this, the graphics card should 
have at least 5 GB to 6 GB of memory.

• High memory bandwidth: Iterative solvers, such as the PCG 
and JCG solvers, require high GPU memory bandwidth for 
optimal performance.

For the above reasons, only the NVIDIA Quadro 6000 and 
Tesla series cards listed in the ANSYS Mechanical APDL 14.5 
help system are supported with GPU acceleration. Although 
the Tesla K10 and Quadro K5000 are also supported, they are  
recommended only for the PCG and JCG iterative solvers, since 
the peak double-precision performance is low but the memory 
bandwidth is fast.

To use GPU acceleration, you also need an ANSYS HPC Pack 
license — at release 15.0, GPU acceleration will be enabled 
through all ANSYS HPC product licenses (ANSYS HPC, ANSYS 
HPC Pack, ANSYS HPC Workgroup and ANSYS HPC Enterprise).

SUMMARY
GPU acceleration provides immediate benefits for single-work-
station or cluster configurations. For older machines, use of 
GPU acceleration can effectively decrease solution time prior to 
upgrading hardware and, once a new workstation is obtained, 
the GPU can be reused in the new system. For newer hardware, 
GPU acceleration provides immediate benefits, including the 
ability to use more than one GPU for the iterative solver in a 
single machine.

ANSYS was one of the first commercial FEA vendors to intro-
duce support of GPU computing. Continual investments and 
enhancements are made to the solver to ensure that state-
of-the-art hardware can be utilized to provide the fastest 
solution times. 

State-of-the-art hardware can be utilized 
to provide the fastest solution times.

One Extra Ad - could throw in ANSYS ad if 
possible otherwise maybe feature article can be 

reworked to have one less ad

Consolidation using Remote Visualization
Optimized HPC solutions for your Enterprise
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A Winning Formula
Infiniti Red Bull Racing and ANSYS

Winning the Formula One World Constructors’ Championship is a monumental 
accomplishment. Winning it three times in a row is practically unheard of. But 
for Infiniti Red Bull Racing, it was just another day at the office.  

Using ANSYS simulation technology, Infiniti Red Bull Racing is creating virtual 
prototypes of its race cars, so engineers can quickly and inexpensively optimize 
everything from aerodynamics to brakes to exhaust systems. Infiniti Red Bull  
Racing is delivering on its product promise by remaining dominant in one of  
the most competitive environments imaginable. 

Not a bad day at the office.

Realize Your Product Promise®

Visit ANSYS.COM/InfinitiRedBullRacing to learn how simulation software can help you realize your product promise.

Victories by Infiniti Red Bull Racing. Simulation by ANSYS.
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